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Apresentacao

Bem-vindos ao | Congresso Luso-Espanhol de Fixacdao de Azoto e XIl Reuniao
Nacional da Sociedade Espanhola de Fixacdo de Azoto (SEFIN).

Este evento constitui a primeira organizacdo conjunta de investigadores
portugueses e espanhdis que se tém dedicado a fixacdo bioldgica de azoto e de
um modo geral aos microrganismos benéficos para as plantas. A investigacao
deste tema requer a participacao de distintas areas de investigacdo e por isso o
programa cientifico do congresso cobre os diversos campos necessarios ao
estudo destes sistemas, desde a agronomia e ecologia, a microbiologia,
bioquimica e biologia molecular, enfatizando os principais dominios em que as
actividades de investigacao e desenvolvimento (I&D) encontram aplicacdes
relevantes. Para que isso fosse possivel, as Comissdes de Organizacao e Cientifica
participaram na construcdo de um Programa Cientifico de grande qualidade e
actualidade. O Congresso constara de Conferéncias Plenarias, proferidas por
cientistas de reconhecido prestigio internacional e de Conferéncias Tematicas
apresentadas por investigadores especialistas em distintos campos da fixacao
bioldgica de azoto, bem como de um leque de comunicag¢bes orais seleccionadas
a partir dos trabalhos submetidos para apresentacao no Congresso.

E com satisfacdo que anunciamos que o nivel de participacio a esta convocatdria
respondeu as expectativas, tendo a comunidade cientifica portuguesa ligada a
fixacdo de azoto e aos microrganismos benéficos para as plantas aderido a esta
organizacdao conjunta com a SEFIN, que tradicionalmente conta com um nivel
elevado de participantes. Antecipamos por isso um evento capaz de espelhar a
actualidade, a qualidade e a diversidade da investigacdo realizada nas areas
cientificas representadas, que ird certamente incrementar o estreitamento das
relagdes cientificas entre investigadores do espaco Ibérico.

A comissao Organizadora espera que as expectativas nela depositadas sejam
cumpridas e deseja-lhe uma participacdo verdadeiramente agradavel e frutuosa.
Isabel Videira e Castro

Presidente da Comissao Organizadora
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Presentacion

Bienvenidos al Congreso Luso-Espafiol de Fijacion de Nitrégeno y Xll Reunion
Nacional de la Sociedad Espainola de Fijacion de Nitrégeno (SEFIN).

Este evento constituye la primera organizacion conjunta de investigadores
espafnoles y portugueses dedicados a la fijacion de nitrogeno y de modo mads
general a los microorganismos beneficiosos para las plantas. La investigaciéon en
este tema requiere de la participacion de distintas areas de investigacion, y por
ello el Programa Cientifico del Congreso cubre los distintos campos necesarios
para el estudio de estos sistemas, desde los ambitos de la agronomia, ecologia,
microbiologia, bioquimica y biologia molecular, y con especial énfasis en aquellas
actividades de investigacion y desarrollo (I+D) que encuentran aplicaciones
relevantes. Para hacerlo posible, el Comité Organizador y el Comité Cientifico han
colaborado en el disefio de un Programa Cientifico de alta calidad y actualidad. El
Congreso constara de varias Conferencias Plenarias, impartidas por cientificos de
reconocido prestigio internacional, de Conferencias Tematicas, presentadas por
investigadores especialistas en los distintos campos de la fijacion biolégica de
nitrégeno, asi como de un grupo de ponencias orales seleccionadas a partir de las
comunicaciones recibidas para su presentacion en el Congreso.

Nos satisface anunciar que el nivel de participaciéon en esta convocatoria ha
respondido plenamente a nuestras expectativas, tras involucarse la comunidad
cientifica portuguesa ligada a la fijacién biolégica de nitrégeno y a los
microorganismos beneficiosos para las plantas en la organizacién conjunta con la
SEFIN, que tradicionalmente cuenta con un elevado nivel de participantes.
Anticipamos por eso un evento capaz de reflejar la actualidad, calidad y diversidad
de la investigacién realizada en las dareas cientificas representadas, que
ciertamente incrementara el estrechamiento de las relaciones cientificas entre los
investigadores del espacio ibérico.

El Comité Organizador confia en que las expectativas en ellos depositadas se
hayan cumplido y les desea una participacion agradable y fructifera.
Isabel Videira e Castro

Presidenta del Comité Organizador
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CP-1

Sensitivity of Rhizobium leguminosarum biovar trifolii to
metals accumulating in soils from long-term sewage
sludge applications.

McGrath, S.7*, Chaudri, A.l, Gibbs, P.2, Chambers, B.2, Carlton-Smith, C.3,
Bacon, J.4, Campbell, C.4, and Aitken, M.5

'Rothamsted Research, Harpenden, AL5 2JQ, UK; ?ADAS Gleadthorpe, Meden Vale,
Mansfield, NG20 9PF, UK; 3WRc plc, Frankland Road, Blagrove, Swindon, SN5 8YF, UK;
“Macaulay Institute, Craigiebuckler, Aberdeen, AB15 8QH, UK; >Scottish Environment
Protection Agency, Erskine Court, Castle Business Park, Stirling, FK9 4TR, UK.
*steve.mcgrath@bbsrc.ac.uk

There is concern as to whether metals in sewage sludge are deleterious to soil
microbial processes and sustainable long-term agricultural productivity. Nine
field sites with sewage sludge cake experiments were set up across Britain during
the period 1994-1997 to try to answer this question. One key aspect of the design
of these experiments was that in all the treatments apart from control (untreated)
the total amount of sludge and organic matter added to the plots was the same.
Therefore, any effects are not due to the N supply, and in fact uniform yearly
applications of inorganic fertiliser nitrogen began soon after sludge applications
ceased in 1997. In addition, at three of the sites, metal-amended liquid sludge
experiments were set up using an uncontaminated liquid sludge was divided up
and treated in tanks with Zn or Cu or Cd sulphates before use on the field. At the
same three sites, metal salts experiments using Zn or Cu or Cd carbonates were
set up to give the same concentration range, but with no added organic material.

This study reports on the effects of Zn, Cu and Cd on the indigenous
population size of Rhizobium leguminosarum biovar trifolii, a nitrogen fixing
symbiont of clovers, in soils from these experiments over an 11 year period.
Previous work has shown that the effects on rhizobia are most clear when the host
(clover) is excluded from the experiments, and this was done here to study the
effects on the natural population size. Impacts on the population took time (years)
to develop and by 2005 significant (P<0.05) reductions in rhizobial numbers
occurred on the Zn metal dose-response treatments at eight of the sludge cake
sites. The exception was a calcareous site with high soil pH (7.4-8.1) in which metal
bioavailability was low. Few consistent effects were evident on the Cu- or Cd-
metal dose-response treatments during the 11 y monitoring period. The soil total
Zn concentrations at which effects were observed were near to the UK statutory
limit of 300 mg kg for soils of pH 6-7 receiving sewage sludge. No significant
reductions occurred in any treatments on the metal-amended liquid sludge or
inorganic metal salt experiments even though the metals would be expected to
be in a more bioavailable form, for example, as measured in NH4sNOs extracts, even
after 11 years. The effects in the sludge cake experiments were related
consistently to increased soil Zn concentrations, with no recovery to date. The
reductions in clover rhizobial numbers in the sludge cake experiments are
thought to be due to Zn effects on the survival of free-living rhizobia in the soil,
with gradual die-off over a long time. To date, no consistent adverse effects on
rhizobia have been seen at the UK limits for Cu and Cd of 135 mg kg and 3 mg
kg, respectively for soils of pH 6-7.
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CP-2
Fijacion bioldgica de nitrogeno y sostenibilidad de los
sistemas productivos. Especial referencia a Uruguay.

Labandera, C.*
Secretario Ejecutivo Permanente de ALAR.*clabandera@adinet.com.uy

El trabajo refiere a las actividades en fijacién biolégica de nitrégeno (FBN) y uso de
microorganismos promotores del crecimiento de las plantas del Departamento de
Microbiologia de Suelos (DMS) del Ministerio de Ganaderia, Agricultura y Pesca
del Uruguay. Se discute la visidn institucional de esta tecnologia y su impacto en
la sostenibilidad. EIl DMS se creo en los 60 para estudiar el impacto del uso de
inoculantes en el establecimiento, productividad y persistencia de las
leguminosas forrajeras en el pais. Debido al éxito de la propuesta el programa se
extendid a otras actividades por la ampliacién de la base forrajera, la insercion de
la soja en el mercado, y el interés por el estudio de otros sistemas de promocion
de crecimiento de las plantas, en particular, bacterias endéfitas fijadoras de
nitrégeno en arroz y rhizosféricas en maiz. La institucion es el organismo de
referencia para el registro de empresas y productos y para el control de calidad de
los inoculantes, y responsable de la coleccién nacional de cepas. Las actividades
se implementan en laboratorio, invernaculo y campo con alta participacion del
sector productivo en la evaluacién de los resultados. Se destaca la importancia de
definir criterios y parametros acertados de seleccion y el uso de disenos
experimentales acordes con los sistemas en estudio. También resulta muy
significativo para la adopcion el disefio de una investigacion a “medida” y la
difusion de un mensaje Unico a los productores. Este enfoque y la alta respuesta al
uso de inoculantes han posibilitado un porcentaje de adopcién cercano al 100%.

The biological nitrogen fixation and the sustainability of the productive
systems. Special reference to Uruguay. This paper refers to activities in
biological nitrogen fixation (FBN) and in the use of plant growth promoting
microorganisms performed by the Soils Microbiology Department (DMS) -
Ministry of Livestock, Agriculture and Fisheries — Uruguay. The institutional vision
on the importance of this technology and its impact on the sustainability are
discussed. The Department (DMS) was founded in 1960 to study the importance
of legume inoculation in the establishment, productivity and persistence of forage
legumes in the country. As a result of the success of this proposal the program
was extended to other systems because of the increase in the number of forage
species, the insertion of soybean in the market, and because of the increased
interest in the studies of other plant growth promotion systems, mainly
endophitic nitrogen fixing bacteria in rice and rhizospheric in corn. The institution
is the reference organism for the firms and products registration and for the
inoculants quality control, and responsible for the national strain culture
collection. Activities are performed in laboratory, greenhouse and field with high
participation of the productive sector in the evaluation of the results. The
importance to define qualified criteria and parameters for strain selection and the
use of experimental designs according to the studied systems are remarked. It is
also very important for adoption the design of a “pragmatic research” and the
spreading of only one message to the farmers. This approach and the high
response to the use of inoculants have made possible an almost 100% adoption.
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CP-3

Uma visao geral da regulacao da fixacao de nitrogénio
nos diazotrofos associativo Azospirillum brasilense e
endofitico Herbaspirillum seropedicae.

Pedrosa, F.O.", Rigo, L.U. Steffens, M.B.R., Yates, M.G., Monteiro, R.A.,
Chubatsu, L.S., Cruz, L.M., Huergo, L.F., Merrick, M., Klassen, G., Wassem, R., e
Souza, E.M.

Departamento de Bioquimica e Biologia Molecular, Universidade Federal do Parand,
C. Postal 19046, 81532-990 - Curitiba, PR, Brasil. *fpedrosa@ufpr.br

A. brasilense, uma o-Proteobacteria associativa, e H. seropedicae, uma -
Proteobacteria endofitica, sao bactérias fixadoras de nitrogénio e promotoras do
crescimento vegetal, encontradas colonizando importantes culturas agricolas tais
como cana de agucar, milho, sorgo, trigo e arroz, e tem sido nosso interesse de
pesquisa desde que 1977. Nesta palestra apresentarei uma revisao geral sobre a
regulacao da fixacdo de nitrogénio por ambos organismos e sobre o genoma de
H. seropedicae. A regulacao da expressao dos genes nif em A. brasilense e H.
seropedicae envolve primordialmente o controle da expressao e atividade do
regulador de transcricdo, a proteina NifA. A expressao do gene de nifA em A.
brasilense parece ser constitutiva e transcrito de um promotor dependente de
sigma70, insensivel a ions amoénio, embora amébnio e oxigénio ajam
sinergisticamente de modo negativo. Ao contrario de A. brasilense, a transcricao
do gene de nifA de H. seropedicae esta sob controle de um promotor dependente
de sigma54 e NtrC, portanto com envolvimento do sistema de Ntr. A atividade de
NifA em ambos organismos é controlada negativamente por aménio e oxigénio.
O efeito de amodnio sobre a atividade de NifA é mediado por proteinas PIl (GInB ou
GInK) e tem com alvo o N-terminal de NifA. A inativacdo de NifA por oxigénio em
ambos diazotrofos, como em rhizobia, parece envolver residuos de cisteina
conservados, presentes nas regides Central-C- terminal. Atividade da nitrogenase
em A. brasilense, como em outras Rhodospirillales, & reversivelmente inativada in
vivo por NHst ou anaerobiosis. A inativacdo ocorre via ADP-ribosilacdo da Fe-
Proteina (dinitrogenase redutase) catalisada pela dinitrogenase redutase ADP-
ribosiltransferase (DraT) e é revertida, apés o esgotamento de NHst pela
glycohydrolase ativadora da dinitrogenase redutase (DraG). O controle das
atividades de DraT e DraG pelas proteinas PIl (GInB e GInZ) e canal de amoénio
(AmtB) foi recentemente revelado, e o mecanismo envolve o sequiestro de DraG
por AmtB ligado a membrana, tendo GInZ como elemento de ligagdo. Um
mecanismo adicional de inibicdo transitéria da nitrogenase por NHst,
provavelmente envolvendo desvio de elétrons ou despolarizacao da membrana, é
também operacional em A. brasilense, H. seropedicae (que nao contem os para
DraT e DraG) e em outros diazotrofos. Inativacao reversivel da nitrogenase de A.
brasilense por anaerobiose envolve ADP-ribosilacdo da Fe-Proteina, mas
nenhumas proteina PIl. O genoma de H. seropedicae estirpe Z78 foi sequenciado e
anotado pelo consércio Genopar. O tamanho de genoma é de aproximadamente
5.5 Mbp. A identificacdo automatica de ORFs potenciais seqguida de andlise
manual revelou um total de 4.720 genes. O genoma o H. seropedicae mostrou alta
similaridade com os de outras 3- Proteobacteria especialmente Janthinobacterium
sp. Marseille, Ralstonia spp. e Burkholderia spp. Uma avaliagdo do genoma de H.
seropedicae serd apresentada.
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An overview on the regulation of nitrogen fixation in the associative and
endophytic diazotrophs Azospirillum brasilense and Herbaspirillum
seropedicae. A. brasilense, an associative o-Proteobacteria, and H. seropedicae, an
endophytic B-Proteobacteria, are nitrogen-fixing and plant-growth promoting
bacteria, found colonizing important crops such as sugarcane, maize, sorghum,
wheat and rice, and have been our research interest since 1977. In this talk | will
present an overview on the regulation of nitrogen fixation by both organisms and
on the genome of H. seropedicae. Regulation of the expression of nif genes in A.
brasilense and H. seropedicae involves primarily the control of expression and
activity of the transcription regulator, the NifA protein. Expression of the nifA gene
in A. brasilense appears to be constitutive and transcribed from a sigma 70-
dependent promoter, insensitive to ammonium ion levels, although ammonium
and oxygen act synergistically in a negative way. Contrary to A. brasilense, in H.
seropedicae nifA gene transcription is under control of a sigma54-, NtrC-
dependent promoter, thus with the involvement of the Ntr system. NifA activity in
both organisms is negatively controlled by ammonium and oxygen. The
ammonium effect on NifA activity is mediated by PIl proteins (GInB or GInK) and
target at the N-terminus of NifA. NifA inactivation by oxygen in both diazotrophs,
as in rhizobia, appears to involve conserved cysteine residues present in the
Central-C-terminal region. Nitrogenase activity in A. brasilense, as in other
Rhodospirillales, is reversibly inactivated in vivo by NHs+ or anaerobiosis.
Inactivation occurs via ADP-ribosylation of the Fe-protein (dinitrogenase
reductase) catalysed by dinitrogenase reductase ADP-ribosyltransferase (DraT)
and is reversed after NHs+* exhaustion by dinitrogenase reductase activating
glycohydrolase (DraG). Control of DraT and DraG activities by Pl (GInB and GInZ)
and ammonium channel (AmtB) proteins has been recently revealed and the
mechanism involves sequestration of DraG by membrane-bound AmtB, with GInZ
as a bridging element. An additional mechanism of transient inhibition of
nitrogenase by NH4*, probably involving membrane depolarization and/or
diversion of electron, is also operational in A. brasilense, H. seropedicae (which lacks
the ADP-ribosylation system) and other diazotrophs. Reversible inactivation of A.
brasilense nitrogenase by anaerobiosis involves ADP-ribosylation of the Fe-
protein, but no PIl proteins. The genome of H. seropedicae strain Z78, was
sequenced and annotated by the Genopar consortium. The genome size is
approximately 5,5 Mbp. Potential ORF’s identified by automatic annotation
platform and manual curation revealed a total of 4,720 genes. The genome the H.
seropedicae showed high similarity to those of other B-Proteobacteria, especially
Janthinobacterium sp. Marseille, Ralstonia spp. and Burkholderia spp. An appraisal
of the genome of H. seropedicae will be presented.

Apoio financeiro: Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
(CNPg/MCT) e SETI Parana Estado.
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CTI-1
Ingenieria genética de la simbiosis Rhizobium-leguminosa
para su uso en biorremediacion.

Pajuelo, E.*, Rodriguez-Llorente, 1.D., Lafuente, A., Delgadillo, J., Dary, M.,
Doukkali, B., Caviedes, M.A., y Palomares, A.J. ()

(1) In memoriam

Departamento de Microbiologia y Parasitologia, Facultad de Farmacia, Universidad
de Sevilla, Profesor Garcia Gonzdlez, 2, 41012-Sevilla.* epajuelo@us.es

La biotecnologia de plantas permite ampliar la utilizaciéon de las plantas mas alla
de la produccioén de alimentos y fibras, en lo que se ha dado en llamar “agricultura
molecular”. Una de las principales aplicaciones de esta tecnologia es la
fitorremediacion. La simbiosis Rhizobium-leguminosa se ha utilizado
tradicionalmente en la regeneraciéon de suelos degradados, dada su capacidad
para enriquecer el nitrégeno de los suelos, y mas recientemente esta despertando
un interés creciente en biorremediacién. Nuestro grupo lleva varios afos
trabajando en la aplicacion de la simbiosis entre diferentes géneros de
leguminosas y Rhizobium resistentes a As y metales pesados como una nueva
herramienta para la biorremediacion de metales pesados. Las leguminosas
acumulan As y metales pesados fundamentalmente en raices, por lo que su uso
preferente seria en fitoestabilizacién de metales. La inoculaciéon con Rhizobium 'y
un consorcio de bacterias rizosféricas resistentes a As y metales pesados produjo
un efecto protector sobre la planta, disminuyendo la acumulaciéon de metales. Se
ha disenado una estrategia biotecnoldgica para incrementar la capacidad de
fitoextraccion de Cu a la parte aérea de la planta, mediante la introduccion de
genes de resistencia a Cu bacterianos modificados bajo el control de promotores
especificos. Al mismo tiempo se ha disenado la modificacién genética de
Rhizobium para incrementar su resistencia a Cu. Presentamos datos preliminares
de la capacidad de biorremediacion de esta “simbiosis modificada
genéticamente” frente a la simbiosis silvestre.

The design of genetic traits through plant biotechnology allows the use of
plants far beyond the production of food and fibers. Molecular farming
expands the use of plants to the production of compounds, biofuels or their use in
phytoremediation. Legumes have been traditionally used in soil regeneration,
given their capacity to increase soil nitrogen content due to biological nitrogen
fixation in nodules. More recently, legumes are getting an increasing interest in
bioremediation. Our group has been working for the last years on the Rhizobium-
legume symbiosis as a new tool in bioremediation of heavy metals polluted soils.
Legumes accumulate As and heavy metals mainly in roots, being the main
application of these plants in metal phytostabilisation. Furthermore, inoculation
of legume plants with Rhizobium and a consortium of rhizosphere bacteria
resistant to As and heavy metals produced a protective effect on the plant,
together with a diminution of metal accumulated. We have developed transgenic
plants in order to increase the Cu-phytoextraction potential. Modified bacterial
copper resistance genes have been introduced in plants, under the control of
tissue specific promoters. On the other hand, copper resistance genes have been
transferred to Rhizobium, in order to increase copper resistance and/or copper
accumulation. Preliminary data on the bioremediation capacity of the “genetically
engineered symbiosis” are presented.
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CTI-2
A fixacao biolégica do azoto e a produtividade das
pastagens em sistemas agricolas Mediterranicos.

Ferreira, E.*, e Videira e Castro, l.

Laboratdrio de Microbiologia, Instituto Nacional dos Recursos Bioldgicos, Oeiras,
Portugal. *eugeniomferreira@gmail.com

As zonas mediterranicas sao caracterizadas por verées secos quentes e invernos
humidos e frios. Neste ambiente peculiar das regides do sul da Peninsula Ibérica,
desenvolveu-se um sistema agro-silvopastoril, associado a producao animal em
regime extensivo. As pastagens naturais sao compostas por uma mistura de
plantas anuais e perenes desempenhando as leguminosas um papel fundamental,
suportando o pastoreio directo de vacas, ovelhas e de porcos.

Neste ecossistema de sequeiro, a fixacdo biolégica do azoto pelas
leguminosas, processo complexo dependente das plantas, bactérias, condi¢des
climaticas e propriedades fisico-quimicas e biolégicas do solo bem como da
gestdo agrondmica do sistema, & o principal processo para o fornecimento de
azoto aos solos. As leguminosas sdo aqui uma das componentes fundamentais de
uma estratégia para a sustentabilidade e aumento da produtividade deste sistema
agricola.

Referem-se os principais resultados de estudos cientificos de importancia
agrondémica, relacionados com a fixagao bioldégica do azoto em pastagens naturais
com leguminosas da zona mediterranica Portuguesa. Sublinham-se os aspectos
relacionados com as bactérias Rhizobium associadas a trevos, luzernas anuais e
luzernas perenes: quantidade e qualidade da microflora rizobiana natural,
seleccao de estirpes, inoculacao de sementes de leguminosas e fixacao bioldgica
do azoto em condi¢des de campo.

Biological nitrogen fixation and pastures productivity in Mediterranean
farming systems. Mediterranean environments are characterized by hot dry
summers and cool wet winters. In this peculiar environment of the regions of
southern of Iberian Peninsula, an agrosilvopastoral system, associated to
extensive livestock production was developed. Occurring natural pastures
comprise a mixture of annual and perennial plants, where legumes play a key role,
supporting the direct grazing by cows, sheep and pigs.

In this rain-fed ecosystem, the symbiotic nitrogen fixation, an
interconnected process dependent of plants, bacteria, climatic variables, soil
physical, chemical and biological properties and agronomic management is a
major process of providing nitrogen to the soils. Legumes are in this area an
important component of a strategy for increasing farming systems productivity
and sustainability.

An overview on research studies of agronomic importance, related to
nitrogen fixation by legume-based pastures of the Portuguese Mediterranean
area are reported, being underlined those ones related to rhizobia bacteria
associated to clovers, annual medics and lucernes: natural rhizobial microflora
properties, rhizobial strains evaluation, seed legumes inoculation and biological
nitrogen fixation in field conditions.
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SI-1

Respuesta de la soja [ G/ycine max (L.) Merrill] cv. Osumi a
la inoculacion con estirpes de Sinorhizobium (Ensifen
frediien el sur de Espana.

Albareda, M."*, Rodriguez-Navarro, D.N.!, y Temprano, F.J.1

'IFAPA, Centro Las Torres y Tomejil. Ctra. Sevilla-Cazalla km. 12,2. C.P.41200 Alcald del
Rio (Sevilla), Espana."marta.albareda.ext@juntadeandalucia.es

Los regadios del sur de Espafa poseen caracteristicas edafoclimaticas adecuadas
para el cultivo de la soja, pudiéndose obtener, bajo condiciones favorables,
rendimientos superiores a 5000 Kg/ha. En los suelos espafioles y en muchos paises
de Europa, no existen rizobios especificos para nodular la soja ya que es un cultivo
de reciente introduccién y tiene una gran especificidad para nodular con el
microsimbionte. En estas circunstancias, y para aprovechar el nitrégeno fijado en
la simbiosis Rhizobium-leguminosa, es necesario proceder a la inoculacion.

Se han realizado ensayos de inoculacion de soja en condiciones de campo
con estirpes de Sinorhizobium (Ensifer) fredii seleccionadas previamente por su
capacidad de fijacién de nitrégeno en condiciones de invernadero. Los ensayos se
realizaron en dos localidades del sur de Espafa que poseen suelos de distinta
naturaleza. Los resultados mostraron que, para ambas localidades, las estirpes de
S. fredii dieron lugar, en la mayoria de los casos, a rendimientos similares a
aquellos alcanzados con la inoculacién de la estirpe de referencia USDA110 de B.
japonicum.

Sinorhizobium (Ensifen) frediiinoculation responses in soybean [G/lycine max
(L.) Merrill] cv. Osumi in South of Spain. Irrigated land in South of Spain has an
edaphic and climate characteristics appropriated for soybean cultivation. Under
favourable conditions it can be obtained seed yields higher than 5000 Kg/ha.
Soybean-rhizobia are absent in Spanish soils and many European countries
because of soybean is a recently introduced crop and shows a high specificity to
nodulate with its microsimbiont. In this situation, and to take advantage of
nitrogen fixation from the symbiotic association Rhizobium-leguminous, it is
necessary to inoculate the crop.

Field experiments of soybean inoculation were performed with
Sinorhizobium (Ensifer) fredii strains selected previously by their high effectiveness
in nitrogen fixation under greenhouse conditions. Field assays were carried out in
two localities, with different types of soils. The results showed that, in both sites,
inoculation of soybean with S. fredii strains produced, in most of the cases, seed
yields similar to those obtained by inoculation with B. japonicum USDA110.
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SI-2
Recuperacao de indculo e distribuicao de nodulos em
cultivares de trevo subterraneo.

Alho, L."*, Dias, L.S.2, e Marques, J.F.3

'Instituto de Ciéncias Agrdrias Mediterrdnicas, Universidade de Evora, Evora, Portugal,
’Departamento de Biologia, Universidade de Evora, Evora, Portugal, 3Instituto de
Biologia Experimental e Tecnoldgica, Oeiras, Portugal. " luisalho@uevora.pt

Estudou-se a capacidade competitiva de uma estirpe de Rhizobium
leguminosarum bv. trifolii com tolerancia a pH acido e toxicidade de aluminio,
usada como inoculante em quatro cultivares de trevo subterraneo, semeadas em
solo acido com evidéncias de toxicidade de manganés e elevadas populacdes
nativas de rizébio. O numero de nédulos presentes em cada um dos 15
segmentos de raiz avaliados, apenas revelou diferencas significativas entre
cultivares no primeiro centimetro da raiz principal, sem que tais diferencas se
tenham observado na recuperagao do inoculo. Em 3 dos 15 segmentos das raizes
detectaram-se diferencas significativas entre cultivares na recuperacdo do
inoculo, mostrando que a distribuicdo deste ndao é uniforme ao longo da raiz,
dependendo de variagbes das condicbes ambientais e de caracteristicas do
hospedeiro. O uso de técnicas estatisticas de andlise de correspondéncias e
classificacbes automadticas permitiu avaliar a distribuicdio de nddulos e
recuperacao de inoculo ao longo da raiz em cada uma das cultivares estudadas. A
validade dos métodos de amostragem de ndédulos para avaliagao da recuperacao
de estirpes inoculantes é discutida.

Inoculant recovery and nodules distribution in cultivars of sub clover. The
competitive ability of a Rhizobium leguminosarum buv. trifolii strain tolerant to low
pH and aluminum toxicity, used as inoculant into four cultivars of sub clover, was
studied in an acidic soil with evidences of manganese toxicity and high numbers
of native rhizobia. The number of nodules present in the 15 root segments
studied, only revealed significant differences among cultivars in the first
centimeter of the tap root, without differences in the recovery of the inoculant
strain. In 3 out of 15 root segments, differences in inoculant recovery among
cultivars were detected, showing that nodule occupation by the inoculant strain
depends on environmental conditions and characteristics of the host plant. The
use of statistical methods based on correspondence analysis and automatic
classification made clear the pattern of nodules distribution and inoculant
recovery along the segments of the root system. Sampling methods for nodule
recovery for the evaluation of the competitive ability of strains are discussed.
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SI-3

Rizobios tolerantes a salinidad y alcalinidad de suelos de
la Pampa Deprimida del Salado representan una fuente de
variablidad genética y simbiotica para mejorar la calidad
de los inoculantes para L. tenuis.

Bergottini, V.M., Castagno, L.N., Paz, R.C., Ruiz, O.A.", y Estrella, M.J.
IIB-INTECH, UNSAM-CONICET, Chascomus, Bs. As., Argentina. *ruiz@intech.gov.ar

La Pampa Deprimida del Salado (PDS) es una de las principales zonas ganaderas
de la Argentina, basada en la utilizacién de pastizales naturales, debido a las
condiciones edafo-climaticas de la regiéon que dificultan la implantacion y
persistencia de leguminosas “tradicionales”, particularmente en los suelos bajos
salino-alcalinos. L. tenuis es una leguminosa exética adaptada a estas condiciones,
sin embargo presenta problemas de supervivencia en el estadio de plantula (su
etapa demografica critica). Una alternativa para mejorar la implantacién de L.
tenuis es optimizar su simbiosis con rizobios especificos utilizando inoculantes de
alta calidad. Sin embargo el uso de inoculantes comerciales no siempre es efectivo
y frecuentemente es afectado por la presencia de cepas nativas. Por este motivo
se evalué la diversidad genética de rizobios nativos de la PDS y se seleccionaron
cepas tolerantes a condiciones de estrés salino que tuvieron una eficiencia
simbidtica superior a los inoculantes comerciales. Los resultados obtenidos
demuestran que existe una alta diversidad genética entre los rizobios de la PDS y
que la eficiencia simbidtica de dos aislamientos fue superior a los inoculantes
comerciales bajo condiciones de estrés salino y control. Por lo tanto, las
poblaciones de rizobios nativos constituyen una fuente de variablidad genética 'y
simbidtica que puede ser aprovechada para la obtencién de cepas de alta calidad
en la formulacion de inoculantes especificos para los suelos de una determinada
region.

Salt and alkalinity-tolerant rhizobia from the Salado River Basin as a source of
genetic and symbiotic variability to improve the quality of inoculants for L.
tenuis. The Salado river Basin (SRB) is the most important area for cattle raising in
Argentina. This activity relies on natural pastures, given that the edaphic and
climatic conditions restrict the implantation and persistence of ‘traditional”
legumes’ in saline-alkaline lowlands (30% of the total area). L. tenuis is an exotic
legume well adapted to these conditions, but in spite of its successful
naturalization, the survival of this species during the seedling stage is limited and
is a critical step for further implantation. With the aim of improving seedling
survival and forage quality, the genetic diversity of native rizobia was evaluated,
for further selection of isolates with a better symbiotic efficiency than commercial
inoculants in saline soils. A high genetic diversity was found among the rizobia of
the SRP. The symbiotic performance of two native isolates was superior to that of
strains used as commercial inoculants both under control and salt stress
conditions. It can be concluded that populations of rhizobia in soils of the SRP are
a source of genetic and symbiotic variability that can be used to obtain high
quality inoculants for L. tenuis.
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Sl-4

Variacao sazonal da fixacao simbiodtica de duas espécies
de Lupinus sujeitas a diferentes praticas de preparacao do
solo.

Carranca, C.7*, Madeira, M.2, Torres, M.O.2, Pina, J.P.3, e Marques, P.2

'L-INIA, Quinta do Marqués, Av. Republica, Nova QOeiras, 2784-505 Oeiras, Portugal,
%Instituto Superior de Agronomia, Tapada da Ajuda, 1349-017 Lisboa, Portugal,
3CELBI, Furadouro, Obidos, Portugal. “c.carranca.ean@clix.pt

As cultivares portuguesas de Lupinus, quer o tremoceiro doce ‘Estoril’, quer a
tremocilha, cultivadas em solos arenosos de Portugal (Pegoes e Obidos), fixaram
grandes quantidades de azoto (N) com o rizébio nativo (>100 kg N ha’),
apresentando taxas constantes durante os ciclos culturais. O tremoceiro doce
apresentou uma taxa >87%, nao influenciada pela mobilizacdo do solo, devido a
fraca destruicao da sua estrutura. Na 12 floracdo, em Janeiro do 1° ano, em Pegdes,
o tremoceiro doce apresentou uma taxa de fixacdo de 74% devido a baixa
temperatura média do solo (4 °C) e formacao de geada. Em Obidos, a tremocilha
fixou mais que o tremoceiro, apresentando uma taxa superior no 2° ano (99%)
comparativamente a do 1° ano (97%) devido as elevadas temperaturas e défice
hidrico neste ano. O beneficio em N do L. luteus L., determinado a maturacao e
incluindo a biomassa aérea e raiz (+32 kg N ha’, i.e,11% do N da planta),
evidenciou o valor fertilizante desta leguminosa para a cultura seguinte na
rotacdo. No tremoceiro doce, o beneficio em N estimado na fase de enchimento
da vagem foi de +61 kg N ha' (80% do N da cultura). A incorporacao de residuos
de eucalipto no solo de Obidos ndo afectou a productividade da tremocilha, mas
aumentou ligeiramente a sua capacidade de fixacdo (aumento de 24%)
comparativamente ao solo nao corrigido.

Seasonal pattern of N fixation by lupine species under different soil
practices. The Portuguese Lupinus albus L. ‘Estoril’ and L. Luteus L. species fixed
larger quantities of nitrogen (N) with the indigenous rhizobium in two Portuguese
regions (Pegdes and Obidos) with coarse sandy soils, at constant rates during the
growth cycles. Percent N derived from atmosphere (%Ndfa) was >87%, not
influenced by soil disturbance (94%) since no great disruption of soil structure by
tillage occurred. A low %Ndfa value (74%) was determined at first bloom (January)
of the grain pulse in year 1 at Pegbes and was explained by the extremely low
mean soil temperature at that time (4 °C), with the occurrence of frost. At Obidos,
the fodder crop was supplied with N> from the air considerably better than the
sweet pulse, but fixation rate was higher in year 2 (99%) by a better crop
establishment than under drought conditions in year 1 (97%). Potential N input
from L. luteus L., determined by including the above- and below-ground biomass
N, amounted to +32 kg N ha' (11% crop N), showing the potential fertilizer N
value of this residue for the subsequent crop in the rotation. Considering the pods
of sweet lupine at formation phase, an N input of +61 kg N ha' (80% crop N) was
estimated, but a smaller gain of N to the soil at crop maturity is expected due to
greater N mobilization from shoots to the pods. Incorporation of eucalyptus
residue as soil organic amendment at Obidos led to similar fodder legume
productivity with a slightly greater fixation capacity (24% increase) compared with
unamended soil.
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Produccion de bioplasticos (PHAs) por cepas de
Azotobacter utilizando un residuo organico semisodlido
generado en el proceso de obtencion del aceite de oliva:
alpeorujo.

Cerrone, F."*, Sanchez-Peinado, M.?, Pozo, C.', y Gonzalez-L6pez, J.1

'Grupo de Microbiologia Ambiental, Instituto del Agua, Universidad de Granada,
Granada, Esparia. “fcerrone@ugr.es

La obtencidn del aceite de oliva en dos fases conlleva la generacién de un residuo
semisolido (alpeorujo) altamente contaminante debido a su carga organica (DQO
180000 mg/l) y su contenido polifendlico. El objetivo de nuestro estudio ha sido
utilizar este residuo para obtener bioplasticos (PHAs) utilizando bacterias
fijadoras de nitrogeno en vida libre (Azotobacter sp.); estos biopolimeros han
demostrado tener propiedades quimico-fisicas parecidas al termoplastico
convencional. El esquema experimental se divide en dos fases: 1) una digestién
anaerodbica previa del alpeorujo ajustando los tiempos de retencién hidraulica con
un doble fin: reduccion de la accién inhibidora de los polifenoles y la obtencién de
acidos organicos volatiles-VFAs; 2) produccion de bioplastico en cultivo puro
aerébico (Azotobacter sp.), utilizando como sustrato el alpeorujo digerido en la
fase anaerdbica anterior. La maxima produccion de bioplastico se obtuvo al
utilizar una concentracién de alpeorujo del 60% transcurridas 72 h de incubacién.
Este resultado, el cudl duplica la cantidad obtenida en medios quimicamente
definidos, pone de manifiesto la idoneidad del uso de este residuo como sustrato
para la produccién industrial de bioplasticos.

Bioplastics production (PHAs) by Azotobacter strains utilizing a semisolid
organic waste obtained in the olive oil manufacture (a/peorujo). Two phase
olive oil production lead to generation of a semisolid waste (alpeorujo) highly
pollutant due to its organic charge (COD 180000 mg/l) and its polyphenolic
content. The objective of our study was to use this waste as a substrate to get
bioplastics (PHAs) utilizing free living, N fixing bacteria (Azotobacter sp.); this
biopolymer demonstrated physical-chemical properties similar to conventional
thermoplastics. Experimental setting was composed by two phases: 1) preliminary
anaerobic digestion of alpeorujo setting hydraulic retention times with a double
purpose: reduction of inhibitory action of polyphenols and volatile fatty acids
(VFAs) acquisition; 2) bioplastics production in a pure aerobic culture (Azotobacter
sp.), using anaerobically previous digested alpeorujo as a substrate. Maximum
yield was obtained utilizing a 60% concentration of alpeorujo after 72 hours of
incubation. This result, which double the quantity obtained in chemically defined
media, make evident the suitability of this waste as substrate for industrial
production of bioplastics.

Acknowledgement: This research work has been supported by European Union as
part of the project named Production of polyhydroxyalkanoates from olive oil mills
wastewater (acronyms: POLYVER) N° COOP-CT-2006-032967.
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SI-6
Impacto de la interaccion de inoculantes de Azospirillumy
micorrizas en la productividad de cereales.

Collados, C., y Barea, J.M.”

Departamento de Microbiologia del Suelo y Sistemas Simbiéticos, Estacion
Experimental del Zaidin, CSIC, Granada, Espana. *josemiguel.barea@eez.csic.es

Las especies de Azospirillum se han utilizado como biofertilizantes basado en sus
efectos como fijadores de N> (discutidos) y como fitoestimuladores. Efecto este
ultimo debido a que estas PGPR favorecen el desarrollo del sistema radical de la
planta (particularmente cereales), lo cual conlleva una mejora de la capacidad de
esta para utilizar de forma mas eficaz el N del suelo. La interaccion de tales
bacterias con hongos formadores de la micorriza arbuscular (MA) hace esperar
resultados positivos en el desarrollo de cultivos de cereales dados los efectos de
las MA como biofertilizantes, fitoestimuladores y bioprotectores de los cultivos.
Tal posibilidad se evalué en experimentos en condiciones de campo en los

que se cultivaron plantas de maiz y trigo conducidos hasta produccion de grano.
Se utilizaron como inoculantes A. brasilense Sp 245y A. lipoferum CRT1 (inoculante
comercial). Se incluyeron un tratamiento fertilizado con N (a dosis equivalentes a
60 kg de N/ha y otro no inoculado ni fertilizado. Todas las plantas recibieron un
inoculo de hongos MA.

La inoculacién de ambas cepas de Azospirillum favorecié la formacién de MA,
y como resultado de la interaccion, se evidencié un incremento en la produccién
de grano y en el contenido en NPK de este superior al producido por la
fertilizacién quimica.

Impact of Azospirillum and mycorrhiza inoculant interaction on the
productivity of cereal crops. Azospirillum strains have been used as biofertilizers,
based on their role as Nx-fixers (effectiveness discussed) and as phytostimulators,
because they can improve root system development in plant crops, particularly
cereals. This activity usually increases the ability of these plants for the capture of
nutrient, particularly N, from the soil solution. Arbuscular Mycorrhizal (AM) fungi
are known to act as biofertilizers, bioprotectors and phytostimulators. They are
known to interact with other components of the rhizosphere microbiota to
benefit plant fitness and soil quality.

The interactions between Azospirillum strains and AM fungi are expected to
improve productivity of cereal crops therefore a series of experiments were
designed to investigate this possibility under field conditions.

Both A. brasiliensis Sp 245 and the commercial strain CRT1 of A. lipoferum were
assayed and challenged with a N-fertilization equivalent to 60 kg/ha of N. All
plants received an AM inoculum. Both strains benefited AM formation and grain
yield of both AM-inoculated wheat and maize plants. Grains from microbized
plants had a higher NPK content than those added of the N-fertilizer.
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Analisis comparado, ecoldgico versus convencional, de
parametros bioldgicos del suelo en dos plantaciones de
ciruelos.

Daza, A.", Garcia-Galavis, P.A.', Camacho, M., Montero-Calasanz, M.C.’,
Casanova, L.2, y Santamaria, C."
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*antonio.daza@juntadeandalucia.es

En la finca experimental del IFAPA Centro “Las Torres-Tomejil” en Sevilla (Espana)
se plantaron en enero de 2005 dos campos de 5500 m2 cada uno conteniendo 14
variedades diferentes de ciruela japonesa. Una de las parcelas estd sometida a
manejo ecoldgico y la otra se lleva segun las normas de produccién integrada. La
fertilizacion de la parcela ecoldgica se ha llevado a cabo mediante la siembra de
diferentes abonos verdes de soja, habas y veza, y la aplicacion de estiércol de
origen animal. Se ha realizado un analisis comparativo de varios pardmetros
bioldgicos del suelo: poblaciones de bacterias y hongos heterétrofos totales,
lombrices y hongos formadores de micorrizas. Los resultados han mostrado que
las poblaciones de bacterias y hongos totales fueron similares en ambas parcelas,
pero los hongos micorricicos y las lombrices fueron mdas abundantes en el suelo
sometido a manejo ecoldgico.

Organic versus conventional soil biological parameters in two plum orchards.
Two similar field assays, 5500 m2 each, containing 14 different Japanese plum
varieties were planted in January 2005 in the IFAPA Experimental Station “Las
Torres-Tomejil” in Sevilla (Spain) and are being comparably conducted, one
according to organic production practices and the other following a conventional
production system. Soil fertilization in the organic orchard consisted of sowing of
different green manures of soybean, bean and vetch or the application of mature
manure from animal origin. A comparative analysis of several soil biological
parameters has been performed, including bacteria, fungi, earthworms and
mycorrhizal fungi. Results showed that populations of viable soil bacteria and
fungi were similar in both treatments but other soil components as mycorrhizal
fungi and earthworms seem to be more abundant in the organic plot.
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SI-8
Tolerancia ao stress de estirpes de sinorizobio isoladas de
luzernas anuais.

Fareleira, P."", Matos, N., Marques, J.F., e Ferreira, E."

"Laboratdrio de Microbiologia do Solo, L-INIA, Instituto Nacional dos Recursos
Bioldgicos, Oeiras, Portugal. *paula.fareleira@gmail.com

Muitas zonas de Portugal apresentam solos degradados, com baixos teores de
matéria organica e fraca capacidade de retencao de agua, associados a baixos
niveis de precipitacao e extremos de temperatura. Nestes locais, a introducao de
estirpes de rizébio capazes de sobreviver em situacbes de agressao edafo-
climatica pode constituir uma estratégia importante para o melhoramento da
produtividade agricola. Neste trabalho, procedeu-se a caracterizacdo de 12
estirpes de sinorizébio, provenientes de solos do Alentejo e Estremadura, quanto
a tolerancia a secura, salinidade e alta temperatura. As estirpes foram isoladas pelo
método de infeccdo de plantas, usando como hospedeiro a luzerna anual
Medicago polymorpha cv. Santiago, e a actividade de fixacdo de azoto foi avaliada
pela massa seca das plantas noduladas. A tolerancia a salinidade e as altas
temperaturas foi avaliada pela capacidade de crescimento em meio de cultura
liquido. Varias estirpes cresceram a temperatura de 45°C, muito superior ao
6ptimo de crescimento. A tolerancia a salinidade (30 mM-1,4 M NaCl) foi variavel,
mas todas as estirpes cresceram em meio contendo 300 mM NaCl. A sobrevivéncia
a secura foi avaliada em suporte de solo sujeito a secagem lenta, por contagem de
células vidveis durante e apdés o periodo de secagem. Algumas estirpes
sobreviveram na auséncia total de agua no solo durante 60 dias. O estudo
permitiu seleccionar estirpes com boa capacidade de fixacdo de azoto e
resistentes a diferentes tipos de stress, aparentemente bem adequadas a
sobreviver em solos sujeitos a estes tipos de agressao ambiental.

Stress tolerance of sinorhizobial strains isolated from annual medics. Many soils
in Portugal are suffering from progressive degradation, presenting low organic
matter content and weak water retention capacity, associated with low levels of
precipitation and extremes of temperature. In these areas, the introduction of
rhizobial strains able to survive under stressful conditions may increase soil fertility
and become an additional profit to farmers. In this work, a selection of 12
sinorhizobial strains native from soils in Baixo Alentejo and Estremadura was
characterized in what concerns drought, salinity and temperature tolerance. The
strains were isolated from soils by the plant infection method using the annual
medic Medicago polymorpha cv. Santiago as host, and nitrogen fixing activity was
determined by the weight of nodulated plants. Salt and temperature tolerance
were evaluated through the growth capacity in liquid cultures. Several strains were
able to grow at 45 °C, a temperature much above the optimal for growth. Salt
tolerance (30 mM-1.4 M NaCl) varied among strains, but all isolates were able to
grow in medium containing 300 mM NaCl. Drought survival was evaluated in soil
submitted to slow drying, by counting the number of viable cells during and after
the dryness period. Some of the strains showed good survival capacity in the total
absence of water for 60 days. This study allowed for the selection of strains with
good nitrogen fixing ability and highly resistant to different types of stress,
apparently well adequate to survive in soils affected by these harsh conditions.

Trabalho realizado no ambito do Projecto POCTI/AGG/46371/2002, co-financiado
pelo FEDER.
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Caracterizacion agrofisiologica de la simbiosis Rhizobium-
Phaseolus en diferentes niveles de fosforo.

Ghoulam, C.7*, Bargaz, A.'2, Mandri, B.'2, Oufdou, K.2, Faghire, M.'2, Lluch, C.3,
Tejera Garcia, N.3, y Herrera-Cervera, J.A.3

'Faculty of Sciences and Techniques, B.P 549, Gueliz, Marrakech, Morocco, *Faculty of
Sciences Semlalia, Marrakech, Morocco, 3Department of Plant Physiology, Faculty of
Sciences, University of Granada, Spain. *ghoulamcherki@yahoo.fr

El estudio se llevé a cabo con nueve genotipos de judia Phaseolus vulgaris (cinco
variedades y cuatro lineas). La caracterizacion agrondmica se realizé mediante
experimentos en cinco parcelas que diferian en sus niveles de fésforo y nitrégeno,
situadas en la regiéon de Haouz de Marrakech. En estos experimentos los
resultados mostraron diferencias entre las diferentes parcelas en la mayoria de las
determinaciones realizadas. Las diferencias mds significativas se registraron en
dos parcelas y estaban relacionadas con el crecimiento y el contenido de fésforoy
nitrégeno en la planta. La inoculacién en campo incremento significativamente
los parametros estudiados en relaciéon con las plantas de parcelas no inoculadas.

Otros experimentos encaminados a la caracterizacion fisiolégica de la
respuesta de la simbiosis en deficiencia de fésforo se realizaron en condiciones de
laboratorio, en camaras de crecimiento y en medios semihidropdnicos. Las plantas
se inocularon con dos cepas de Rhizobium (aislamientos autdctonos) y crecieron
con dos niveles de fésforo. Fueron recolectadas en floracion, observandose que la
deficiencia de fésforo afecté negativamente a la tasa de fijacion de nitrégeno y a
la actividad fosfoenolpiruvato carboxilasa nodular, mientras que la actividad
fosfatasa se incrementé con la deficiencia de P en diferente grado segun la cepa
que formaba la simbiosis.

Agro-physiological characterization of common bean-Rhizobia symbiosis
responses to different phosphorus levels. The study was undertaken on nine
common bean (Phaseolus vulgaris) genotypes consisting of five varieties and four
lines. The agronomical characterization was carried out through field trials in five
farmer’s fields, differing for their phosphorus (P) and nitrogen (N) levels, at the
Haouz region of Marrakech. In this experiment, the results showed differences
between fields for almost all the considered parameters. The more significant
differences in plant growth parameters, P and N contents were registered
between fields 1 and 2 that showed contrasting soil P and N levels before culture
installation. The field inoculation has increased significantly the considered yield
parameters in comparison to non-inoculated plants.

Other trials were conducted under controlled conditions for physiological
characterization of the symbiosis responses using the more contrasting bean
genotype-rhizobia strain combination under phosphorus deficiency. The plants
were inoculated by two rhizobia strains, and cultivated under two P
concentrations in a semihydroponic culture using a Leonard jar system. At the
flowering stage, the plants were harvested and assessed for their performances
using agro-physiological parameters. The P deficiency has negatively affected
nitrogen fixation rate in nodules and reduced their cell membrane integrity. Also,
the phosphoenolpyruvate carboxylase activity in nodules was reduced but
phosphatases activities were increased under phosphorus deficiency with some
differences depending on the rhizobia strain.
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Efeito da inoculacao com Pisolithus tinctorius na
sobrevivéncia de plantulas micropropagadas de Arbutus
unedo L.

Gomes, F."”*, Santos, V.1, Sorzabalbere, 1.7, Ponce Diaz, A.l, San Martin, E.P.1, e
Canhoto, J.M.2
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*fgomes@esac.pt

Arbutus unedo L. € uma espécie mediterranica da familia Ericaceae tolerante ao
stress hidrico e com um crescente valor comercial. Plantas adultas foram
seleccionadas pela producao de fruto. Apices meristematicos e segmentos nodais
foram estabelecidos in vitro. Na multiplicacao das culturas utilizou-se o meio FS (8,9
MM BA). Apds a inducao de enraizamento (Ri; 24,6 uM IBA, 7 dias), e para o
desenvolvimento das raizes, comparou-se com o controlo, o efeito da repicagem
dos rebentos para substrato inoculado com P. tinctorius. Foram testados os
seguintes tratamentos: 1) controlo - repicagem dos rebentos para 0 mesmo meio Ri,
sem hormonas e com CA 1,5%; 2) igual a 1, com posterior transferéncia para
substrato inoculado; 3) transferéncia directa para substrato inoculado e 4)
semelhante ao controlo, mas com substrato ndo inoculado. Ao fim de 6 semanas
procedeu-se a aclimatizacdao das plantulas (enraizamento de 94,1+£15,4%, P> 5%). As
raizes nos tratamentos com P. tinctorius eram mais pequenas mas, mais ramificadas.
Apds a aclimatizacdo (2 meses), observaram-se diferengas significativas no
crescimento dos rebentos, o que sugere o estabelecimento de associa¢bes
simbiodticas. Em plantas propagadas em viveiro, comparou-se com a testemunha o
efeito de rega com caldo esporal ou com micélio produzido in vitro de P. tinctorius,
no acréscimo em altura em 153 plantas. As plantas sujeitas a rega com caldo esporal
apresentaram um acréscimo em altura (19,1+4,9 cm) significativamente superior ao
fim de 4 meses em viveiro. Foram instalados posteriormente ensaios no campo.

Effect of Pisolithus tinctorius inoculation on survival of micropropagated
Arbutus unedo plants. Arbutus unedo L. is a Mediterranean species of the Ericaceae
family tolerant to drought and with an increasing commercial value. Shoot tips and
nodal segments were established in vitro. Shoot proliferation was achieved on FS
medium (9.0 uMBA). After root induction (24.6 uM IBA, 7 days), root development,
was compared with the control being the shoots transferred to a substrate (peat:
vermiculite) previously inoculated with P. tinctorius. The following treatments were
tested: 1) control - transfer to the same medium without PGR and charcoal 1.5 %; 2)
like 1 with further transfer to inoculated substrate; 3) direct subculture in the
inoculated substrate and 4) as in the control but in flasks which substrate wasn’t
inoculated. Root formation was similar in all conditions tested (94.1£15.4% root
rate). Roots formed in the assays with P. tinctorius were shorter, but showed more
ramifications. After 2 months of acclimatisation significant differences were found
on shoot growth, suggesting mycorrhizae establishment. Propapagated plants
were watered with spores or with mycelium grown in vitro and compared with the
control. After 4 months plants treated with spores were higher than others
(19,1£4,9 cm; P<0.05), and are now growing in the field for further evaluation.
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Estudios de “consorcios de biocontrol” frente a la
infeccion de plantas de arroz por Magnaporthe grisea en
Las Marismas del Guadalquivir.
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Gutierrez-Maiiero, F.J.4, y Megias, M.!
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El hongo Magnaphorte grisea es el causante de la piriculariosis del arroz, la
enfermedad con mayor incidencia en los cultivos de arroz a nivel mundial.
Estudios de la diversidad bacteriana en Las Marismas del Guadalquivir, nos
permitié seleccionar y desarrollar un consorcio bacteriano con propiedades
PGPRs, y de induccion de resistencia sistémica en condiciones de fitotron e
invernadero en plantas de arroz. Con el fin de estudiar el comportamiento del
consorcio en condiciones naturales de cultivo, se llevaron a cabo ensayos en
parcelas de experimentacién con alta incidencia de M. grisea, aunque sin
infestacion adicional del patégeno. La variedad de arroz elegida fue J. Sendra (tipo
Japodnica), una variedad con alta tolerancia a la enfermedad. Se estudiaron los
siguientes parametros, tomados en los diferentes estados fenoldgicos de la planta
desde la siembra hasta la recogida: numero de plantas infectadas, superficie foliar
afectada (escala de evaluaciéon J.P. Marin), produccion, peso de 1000 granos y
rendimientos totales y enteros. Los andlisis estadisticos dieron resultados
positivos y significativos para los parametros de biocontrol (numero de plantas
infectadas y superficie foliar afectada), no asi para valores de produccién y
rendimiento de cultivo. Los resultados obtenidos en pardmetros de biocontrol
fueron significativos, pero, la baja incidencia de la enfermedad (2007) y la
utilizacién de una variedad muy tolerante, no permitieron compararlos con los
obtenidos al aplicar un fungicida quimico. AGL2006-13758-C05-01.

Application of bacterial inoculants mixed as biocontrol agents against
infection of rice plants by Magnaporthe grisea in the wetland Guadalquivir.
Magnaphorte grisea is the fungus that causes rice blast, the disease with the
highest incidence in rice crops in the world. Studies made on bacterial diversity of
the Guadalquivir wetland, enabled us to identify and develop a bacterial
consortium with PGPRs and SIR properties in rice plants under controlled
conditions (phytotron and greenhouse). In order to study the behaviour of the
consortium under natural conditions of crops, tests were conducted on
experimental plots with a high incidence of M. grisea. No additional infestation
was make. The rice variety chosed was J. Sendra (type Japodnica), a variety with
high tolerance to the disease. The following parameters were studied, taken at
different phenological stages of the plant from sowing to harvest: the number of
infected plants, leaf surface affected (scale of assessment JP Marin), production,
weight of 1000 grains, total harvest yields and the number of whole grains.
Statistical analysis were positive and significant for biocontrol parameters
(number of plants infected and affected leaf surface), but not for the values of
production and crop yield. The results obtained in biocontrol parameters were
significant. However, low incidence of the disease in the 2007 campaign and the
use of a variety of rice very tolerant to the disease prevented make a comparative
study with application of a chemical fungicide.
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Estimulacion del enraizamiento, elongacion y colonizacion
de raices en plantas modelo mediante la inoculacion de
bacterias PGPR productoras de auxinas.
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Las auxinas, principalmente el 4cido 3-indol acético (AlA), son fitohormonas que
controlan procesos fisiolégicos tan importantes como el crecimiento y la division
celular, la diferenciacién de tejidos y las respuestas a la luz y a la gravedad.

La produccién de AIA estd ampliamente extendida en las bacterias
rizosféricas y se ha demostrado que las bacterias PGPR productoras de AIA
promueven el crecimiento radical imitando los efectos producidos en las plantas
por adicion de AIA exdgeno, una practica habitual en el sector viverista actual.

De muestras de suelo extraidas de un olivar ecolégico, se han aislado un
total de 500 bacterias que han sido caracterizadas por sus capacidades PGPR
clasificandose varias de ellas como altas productoras de auxinas.

En este trabajo se ha estudiado la estimulacién del enraizamiento y la
elongacion de raices producida por la inoculacién de cepas PGPR productoras de
AlA en estaquillas y semillas de plantas modelo (Vigna unguiculata y Brassica
napus) en condiciones de laboratorio. Asi mismo, se ha monitoreado el proceso de
colonizaciéon bacteriana mediante la introduccién en algunas de las cepas de
proteinas de fluorescencia (GFP).

Rooting stimulation, elongation and colonization of roots on model plants by
means of auxin producer PGPR inoculation. The auxin IAA (phytohormone)
stimulates some physiological processes as plant cell proliferation, cell elongation
and plant tissues differentiation, and it is also responsible of light and gravity
responses.

IAA production is widespread among plant-associated bacteria. It has been
reported that IAA producing bacteria promote the rooting growth and their effect
on plants mimics that of exogenous IAA, a common practise in nursery industries.

Previously, we have isolated 500 strains from an organic olive grove. All of
them have been classified on the bases of PGPR activities and some of them have
showed a high auxin producing capacity.

In this work, we have studied rooting stimulation and root elongation by
gnotobiotic assays using cuttings and seeds of model plants (Vigna unguiculata
and Brassica napus) treated with different IAA producing bacteria. In addition, we
have monitored bacterial root colonization using GFP as reporter gene.
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Aplicacion de compost y té de compost en alubia
(Phaseolus vulgaris L.) y su implicacion en el
establecimiento de la simbiosis con Rhizobium.

Mulas, D."*, Blanco, D.2, Hernandez S.', y Gonzalez-Andrés, F.'
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Naturales. Universidad de Ledn, 24071 Ledn. *dmulg@unileon.es

El compost, como enmienda organica, eleva el contenido en materia organica del
suelo y actua como fertilizante. Ademds de estas aplicaciones, es importante su
capacidad supresora de enfermedades en plantas, tanto del compost como de su
té, asociada a la carga microbiana del compost. Este efecto se atribuye
principalmente a la antibiosis, hiperparasitismo o competencia en la rizosfera.
Pero ademas pueden aparecer interacciones con microorganismos del suelo
beneficiosos para la planta o con la propia planta.

La aplicacion del té de compost en alubia tiene como objetivos la
evaluacién de la presencia de PGPRs (rizobacterias promotoras del crecimiento
vegetal) y otros microorganismos, asi como la interaccién planta-microorganismo
que pueda ser beneficiosa para la planta en el proceso de nodulacién, fijacion de
nitrégeno y desarrollo vegetal. Otro objetivo es observar la forma en que afectan
estas interacciones a la simbiosis Rhizobium-leguminosa y la posible presencia de
compuestos quimicos en el compost y su té que afectan a todos estos procesos.

En este estudio se aplic6 compost a partir de estiércol de bovino, té de
compost y té estéril a plantas de alubia de la variedad local “Rifidn de Ledn”
cultivadas in vitro en fitotrén, inoculadas y no inoculadas con una cepa efectiva de
Rhizobium leguminosarum capaz de formar nédulos y fijar nitrégeno en simbiosis
con su hospedador

Application of compost and compost tea in common bean (Phaseolus vulgaris
L.) and their role in the Rhizobium symbiosis establishment. Compost is an
agricultural organic amendment with capacity to suppress plant diseases is
important appart from its fertilizer utility, either that of the compost or its tea,
related to the microbial population. Antibiotic effects, hyperparasitism or
rhizosphere competitiviness are the main agents for the plant disease
suppression. Moreover, other interactions can occur within the microbial
population, with soil beneficial microorganisms or even with the plant.

The aim of the use of compost and compost tea in common bean is to
assess the presence of PGPRs (plant growth promoting rhizobacteria) and other
microorganisms, as well as to evaluate the plant-microorganism interaction that
exerts a beneficial effect to the plant, nodulation and nitrogen fixation. Another
aim is to observ the origin and mechanisms of these interactions affecting the
symbiosis Rhizobium-common bean and the presence of chemicals from the
compost with influence these processes.

Compost (from cattle manure), compost tea and sterilized compost tea
were applied to common bean plants grown under in vitro conditions in a growth
chamber. Either inoculated or not inoculated plants with a effective Rhizobium
leguminosarum strain were tested.
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SI-14
Caracterizacao de estirpes de Sinorhizobium meliloti
isoladas de diferentes variedades de Medicago sativa

Rodrigues, S.1?*, Ferreira, E.', Figueira, E.2, e Videira e Castro, I."

'Laboratério de Microbiologia do Solo. L-INIA, INRB, Oeiras, Portugal. 2Centro de
Biologia Celular. Departamento de Biologia, Universidade de Aveiro, Aveiro, Portugal.

A utilizacdo de luzernas (Medicago sativa, L.) em pastagens na zona mediterranica
requer, a inoculacao de sementes com estirpes de Sinorhizobium meliloti eficazes e
bem adaptadas as condi¢des de clima semi-arido que prevalecem nesta regiao.

Este trabalho teve como objectivo caracterizar a populagao de S. meliloti de
um solo do Alentejo (Elvas-ENMP), associada a diferentes variedades de M. sativa
(ABT, Coussouls e Magali), através da avaliacao da diversidade genética e da
eficacia simbidtica bem como da tolerancia a temperaturas elevadas (28 a 40 °C) e
a salinidade (20 a 1000 mM de NaCl). A analise dos perfis obtidos mediante REP e
ERIC PCR permitiram determinar a existéncia de diversos “clusters”, indicando
uma elevada diversidade genética entre a populacao de S. meliloti estudada. Nos
restantes parametros o comportamento das estirpes variou consoante a sua
origem. Verificou-se a existéncia dum maior numero de estirpes isoladas da
variedade ABT com eficacia elevada contrariamente as isoladas da variedade
Coussouls que foram menos eficazes. Relativamente a tolerancia a 40 °C as
estirpes tiveram comportamentos muito diferenciados desde muito sensiveis a
muito tolerantes existindo um grande nimero de estirpes da variedade Coussouls
entre estas ultimas. Nos ensaios de salinidade, a maioria das estirpes tolerou a
concentragao de 500 mM.

Characterization of Sinorhizobium meliloti strains isolated from different
varieties of Medicago sativa. The use of alfalfa (M. sativa, L.) in pastures in the
Mediterranean area needs the seed inoculation with S. meliloti bacteria effective
and well adapted to the semi-arid environmental conditions which prevails in this
area.

The aim of this work was to characterize S. meliloti natural population
present in an Alentejo soil (Elvas-ENMP), associated to different M. sativa varieties
(ABT, Coussouls and Magali). Genetic diversity and symbiotic efficiency as well
tolerance to high temperatures (28 to 40 °C) and salinity (20 to 1000 mM of NaCl)
were evaluated. Analyzing the different patterns obtained by REP and ERIC PCR, it
was verified the existence of several clusters indicating a high genetic diversity
among the Sinorhizobium population studied. In the remaining parameters the
strains behavior changed with cultivars. It was verified a great number of strains
isolated from variety ABT with high effectiveness whereas strains isolated from
variety Coussouls were poor effective. For tolerance to 40 °C, strains had different
behaviors since very sensible to very tolerant, existing a great number of strains
from variety. Coussouls among the last ones. Salinity tests showed that almost all
the strains tolerate 500 mM.

This work was supported by the project INCO-2004-CT-PL 509140 (PERMED)
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Inoculacion de consorcios microbianos en plantas de
Phaseolus vulgaris L. involucrados en proteccion frente a
estreses abioticos moderados.

Rodriguez-Navarro, D.N.", Albareda, M.?, y Temprano, F.'

"Laboratorio de Inoculantes. IFAPA. Centro Las Torres-Tomejil. C@ Sevilla-Alcald del Rio
km. 12,2. 41200 Alcald del Rio (Sevilla) Espana.
*dulcenombre.rodriguez@juntadeandalucia.es

El empleo de inoculantes mixtos, basados en mds de una estirpe bacteriana o bien
de estirpes pertenecientes a mas de una especie es un drea emergente dentro de
la Microbiologia Agraria aplicada. La inoculaciéon de leguminosas con estirpes
efectivas de Rhizobium/Bradyrhizobium tiene una larga y exitosa tradicién de mas
de un siglo. No obstante, en las ultimas décadas, la co-inoculacién de estirpes de
Rhizobium y otras bacterias PGPR es un darea de estudio muy extendida, sobre
todo en condiciones de cultivo limitantes del desarrollo vegetal y de las
asociaciones simbidticas.

Se han realizado estudios, en condiciones controladas de invernadero, con
plantas de judia (Phaseolus vulgaris) cultivar BBL bien sometidas a condiciones
moderadas de salinidad (25 mM de CINa) creciendo en un sustrato inerte, o bien
en un suelo deficiente en P asimilable. En todos los ensayos, las plantas se
inocularon con un consorcio bacteriano especifico: estirpe ISP42 de R. etli mas
distintas PGPRs segun el tipo de estrés (solubilizadores de fosfato o protectores
frente a sal). Asi mismo, se inocularon plantas con las combinaciones binarias: R.
etli 1ISP42 + cada miembro del consorcio bacteriano.

La inoculacién de plantas de judia con algunos tratamientos binarios o el
consorcio bacteriano representa una mejora del desarrollo vegetal, en
comparacién con las plantas inoculadas sélo con Rhizobium; sin embargo, la
nodulacién (numero de ndédulos y masa nodular) sélo se vio positivamente
afectada en presencia de P soluble.

Inoculation of Phaseolus vulgaris plants with microbial consortia grown
under abiotic stress. The employ of mixed inoculants based in more than one
strain or based on several strains of different microbial species ‘consortia’ is an
emerging agronomic area of research to overcome some cropping constrains.
There is a large and successful tradition in employing rhizobia-based inoculants
for legumes and, more recently the co-inoculation of selected rhizobia plus other
so-called PGPRs bacteria is taking a great interest.

We have performed, under greenhouse conditions, plants trials with bean
plants (Phaseolus vulgaris) cv. BBL growing in sand under salty conditions (25 mM
of NaCl) or in a soil with a low content of phosphorus. Inoculated plants either
with a consortia of R. etli strain ISP42 plus different PGPRs, depending upon the
type of stress, or with dual inocula (R. etli plus each member of the consortia) were
compared with single rhizobia inocula.

Some bacterial treatments, dual inocula or microbial consortia, led to a
superior plant development in comparison with single Rhizobium inoculation;
however, nodulation parameters (hnumber and nodule mass) were only increased
after P addition.
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SI-16

Diversidad genética y rango de hospedador en rizobios
aislados de leguminosas de interés agronomico de
Castilla-La Mancha.

Ruiz-Diez, B., Fajardo, S., Morcillo, C., Grijalbo, L., y Fernandez-Pascual, M.*

Departamento de Fisiologia y Ecologia Vegetal. Instituto de Recursos Naturales. Centro
de Ciencias Medioambientales, CSIC, Madrid, Espana. *mfernandezp@ccma.csic.es

Se ha realizado un estudio comparativo de la biodiversidad de microorganismos
simbiontes fijadores de nitrégeno a partir de leguminosas de interés agronémico
en suelos de Castilla-La Mancha, con el fin de obtener una coleccion de rizobios de
suelos con diferentes caracteristicas. Ademas se ha determinado el rango de
hospedador de las cepas aisladas. Se han obtenido 29 cepas a partir de 12
especies de leguminosas, que se agruparon en 4 patrones por ARDRA. Se
seleccionaron una cepa de cada origen y patréon, con dos de referencia para su
identificacion genética por secuenciacion del 16S rDNA. Los resultados
demuestran una gran homogeneidad genotipica: 24 estdan muy préximos a la
especie R. leguminosarum. bv. trifolii que parece ser capaz de nodular diferentes
especies de leguminosas en distintos ambientes. Estos datos indican que cepas
relacionadas genéticamente pueden estar ampliamente distribuidas. La
caracterizaciéon a nivel intraespecifico de aislados de esta cepa, se realizé por
analisis de restriccion de IGS-PCR. La diferenciaciéon se debe mas al tipo de suelo
que a la especie de leguminosa. Los resultados de la determinacion del rango de
hospedador indican que la nodulaciéon ha funcionado como en los grupos de
inoculacion cruzada tradicionales. Sin embargo, en cuanto a los patrones de
nodulacién no se observa la homogeneidad de la caracterizacidon genética: la cepa
aislada de trébol no nodulé Vicia narbonenesis, Lathyrus sativus o Lens culinaris,
pese a que las cepas aisladas de estas leguminosas tenian una homologia del 99-
100% con R. leguminosarum. bw. trifolii.

Comparative study on the diversity of nitrogen fixing symbiotic
microorganisms of agronomic legumes from Castilla-La Mancha. The aim of
this work was to produce a collection of rhizobia from soils with different features.
Also, the range of host of each strain has been performed. Four different ARDRA
patterns from 29 strains from 12 legume species have been obtained. From each
pattern and provenance one strain together with two reference isolated were
selected in order to sequence the 16S rDNA. The results show great genotypic
homogeneity: 24 strains belong to R. leguminosarum. bv. trifolii, which is able to
nodulate different species in diverse environments. These results indicate that
genetically related strains may be widely distributed. Intraespecific
characterization of isolates was performed by means of IGS-PCR restriction
analysis. Differences between strains seem to be soil type rather than legume
species related. Range of host results showed that nodulation has proceeded as
the traditional groups of crossing inoculation. Concerning nodulation pattern, it
was not observed the homogeneity of the genetic characterization: the strain
isolated from Trifolium did not nodulate Vicia narbonenesis, Lathyrus sativus and
Lens culinaris, although the strains isolated from these legumes had 99-100%
homology with R. leguminosarum. bv. trifolii.
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SI-17
Sistemas microbianos biolixiviadores: caracterizacao de
consorcios.

Sa-Pereira, P.2*, Duarte, J.C.":3, e Anselmo, A.':3

'Instituto Nacional de Engenharia e Tecnologia e Inovac¢do, Grupo de Biologia
Molecular, Lumiar, Portugal, ’L-INIA, Instituto Nacional de Recursos Bioldgicos, Qeiras,
Portugal, 3Laboratdrio Nacional de Energia e Geologia, IP. *paula.sapereira@gmail.com

Metais como o chumbo, arsénio, cddmio, cobre, zinco, niquel, e mercirio sdao
continuamente adicionados aos solos através de actividades agricolas, por
incorporacao de agro-quimicos, pela aplicagdo continuada de lamas urbanas em
terras agricolas, por actividades industriais tal como tratamento do lixo, incineragao,
e poluicdo automovel, e de outras fontes antropogénicas. Os microrganismos de
origem telurica, sejam associacbes simbidticas com plantas, sejam fungos
micorrizicos sdo parte integrante da rizosfera. A globalidade das interac¢dées da
planta-rizosfera, conduzem a um aumento da densidade microbiana e
consequentemente a uma maior actividade e diversidade metabdlica, que é
afectada pela presenca de metais pesados. O estudo da dinamica populacional
microbiana & muito importante para caracterizar consoércios que mostram
capacidades especificas de biolixiviacao. A sequenciacao do rDNA 16S esta a ser
usada como ferramenta para caracterizacdo de metagenomas extraidos de solos de
mineracao Foram usados, para bactérias, os primers universais 7F e 1510R e para
archaea os primers 23FPL e 1492R. Os resultados obtidos permitem determinar as
divergéncias entre sequéncias e assim inferir sobre o perfil genético destes
consorcios, e dai identificar novos genes de interesse.

Bioleaching microbial systems: Characterization of soil communities. Metals
such as lead, arsenic, cadmium, copper, zinc, nickel, and mercury are continuously
being added to our soils through various agricultural activities such as
agrochemicals usage and long-term application of urban sewage sludge in
agricultural soils, industrial activities such as waste disposal, waste incineration
and vehicle exhausts, as well as from anthropogenic sources. Soil microorganisms,
including plant root associated free-living as well as symbiotic rhizobacteria and
mycorrhizal fungi in particular, are integral part of the rhizosphere biota. The
overall plant-rhizosphere interactions lead to increasingly higher microbial
density and consequent metabolic activity in the rhizosphere, regardless of soil
contamination with heavy metals. Study of dynamic changes in bacterial
community structure is very important in order to characterize important
microbial consortia with specific bioleaching abilities. 16S rDNA sequencing is
being used as a means to characterize metagenome obtained from mining areas.
It was used 7F and 1510R primers and archaeal 23FPL and 1492R primers to
determine the sequence divergences, in order to infer about the species present
in the mixed samples by sequence comparison. Interpretation of the sequences
was hampered by a percentage of position ambiguities higher than 1% (+/-15
positions) either in the query sequence or in database sequences.

D. van der Lelie, Biological interactions: the role of soil bacteria in the
bioremediation of heavy metal polluted soils. In: J. Vangronsveld and S.D.
Cunningham, Editors, Metal contaminated soils: in situ inactivation and
phytorestoration, Springer and RG Landes Co., Austin, TX, USA (1998), pp. 31-50
[Chapter 3].
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SI-18
Efecto del suministro de NH4s*NOs en la respuesta de
plantas de alfalfa noduladas al aumento del CO..

Sanz Saez de Jauregui, A,, Irigoyen, J.J.", y Sanchez-Diaz, M.

Departamento de Biologia Vegetal, Seccion Biologia Vegetal, Unidad Asociada al CSIC
(EEAD), Facultades de Ciencias y Farmacia, Universidad de Navarra, c/Irunlarrea 1,
31008 Pamplona, Navarra, Espana.* jirigo@unav.es

La alfalfa nodulada responde al CO; elevado con un aumento del crecimiento, si
bien ello depende de la interaccién con otros factores ambientales. Esta respuesta
al CO; estd limitada por un proceso de aclimataciéon, que se manifiesta con un
descenso de la fotosintesis y de la proteina soluble en hojas y nédulos. El objetivo
de este trabajo fue investigar si, tal como sugieren diversos autores, la
aclimatacién al CO; elevado se debe a una disponibilidad limitada de Ny, por lo
tanto, a una actividad nodular deficiente. Plantas de Medicago sativa cv. Aragoén,
inoculadas con Sinorhizobium meliloti, crecidas en cdmaras de crecimiento, se
sometieron a distintos tratamientos de NH4*NOs (0, 5, 10, 15 mM) y CO> (700, 400
ppm). Se analizé el crecimiento, estado hidrico, fotosintesis, proteinas y azlcares
solubles, almidén, pigmentos fotosintéticos, etc. Las plantas nutridas con
NH4+*NOs crecieron mas y respondieron mejor al aumento de COy; sin embargo, la
aclimataciéon se mantuvo incluso en el tratamiento con la mayor dosis de
NH4*NOs3, en el que descendieron hasta en un 70% las proteinas solubles foliares.
Se concluye que la aclimatacion no se debié a una actividad deficiente del nédulo
y por tanto a una insuficiencia en el suministro de N, sino mas bien a una
limitacion de los sumideros.

Effect of NH4*NOs supply on nodulated alfalfa response to elevated CO,.
Nodulated alfalfa plants respond to elevated CO, by increasing growth, despite
the rate depends of the interactions with other environmental factors. Alfalfa
response to high CO, is also limited by acclimation, process expressed by
significant reduction in photosynthetic rates as well as in leaf and nodule soluble
proteins. The aim of this study was to investigate whether the N availability and
therefore nodule activity, is inducing alfalfa acclimation as suggested by several
authors. Medicago sativa cv. Aragdn plants, inoculated with Sinorhizobium meliloti,
were grown in growth chambers and subjected to NH4*NOs (O, 5, 10, 15 mM) and
CO; (700, 400 ppm) treatments. Growth, water status, gas exchange, soluble
proteins and sugars, starch, photosynthetic pigments, etc. were analyzed.
Although plants fed with NH4*NOs respond better to high CO,, acclimation was
also observed. In fact the highest NH4*NOs treatment (15 mM) showed significant
(70%) reduction in leaf soluble proteins. It is concluded that the acclimation
observed in nodulated alfalfa when growing under elevated CO, is not due to
limited N availability or to deficient nodule activity, but to a sink limitation.

Agradecimientos: Ministerio de Educaciéon y Ciencia (BFU-2004-05096/BFl),
Fundacién Caja Navarra, Fundacién Universitaria de Navarra (PIUNA-2004), y
Asociacién de Amigos de la Universidad de Navarra.
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Inoculantes para tréboles de pastos de dehesa.
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En los pastos de las dehesas del suroeste espafiol, las leguminosas, entre las que
se encuentran varias especies de tréboles, tienen gran importancia para mantener
la fertilidad de los suelos al aportar el nitrégeno fijado en la simbiosis con
Rhizobium. En ocasiones es conveniente inocular las semillas de tréboles en el
momento de la implantacién de la pradera para mejorar la nodulacién y la fijacion
de nitrégeno.

Se han seleccionado, bajo condiciones controladas en invernadero, 2
estirpes de Rhizobium leguminosarum buv. trifolii que muestran una alta efectividad
en la fijacién de nitrégeno con Trifolium subterraneum, T. glomeratum, T. hirtum, T.
cherleriy T. striatum.

Se han preparado inoculantes sélidos, con turba de Padul o compost de
corcho como soportes, utilizando esas estirpes de Rhizobium. Los estudios de
supervivencia muestran que las poblaciones bacterianas, con ambos tipos de
soportes, se mantienen en densidades superiores a 108 rizobios/g después de 6
meses de almacenamiento a 20-25 °C. También se ha estudiado la evolucion de las
densidades de esas estirpes de Rhizobium, sobre semillas de T. subterraneum
inoculadas o peletizadas con carbonato cdlcico o sepiolita. Se observé que el
tiempo de reduccién decimal de las poblaciones de los rizobios sobre las semillas,
en los casos mas favorables, fue de 20 dias aproximadamente, bajo condiciones
de conservacion de 25 °Cy 60 % de humedad relativa.

Inoculants for clovers in “dehesa” pastures. Legumes, including clovers, play an
important role in pastures from “dehesa”, in Southwest Spain, because they
maintain soil fertility by means of fixing nitrogen in symbiosis with rhizobia.
Occasionally it is convenient to inoculate clover seeds, before seeding, to improve
nodulation and nitrogen fixation in the pasture.

Two Rhizobium leguminosarum bv. trifolii strains were selected, under
controlled conditions in greenhouse, which are highly effective in nitrogen
fixation with Trifolium subterraneum, T. glomeratum, T. hirtum, T. cherleri and T.
striatum.

Inoculants using those selected strains and peat from Padul or cork
compost as carriers were prepared. Survival studies have shown that bacterial
densities in both carriers were over 108 rhizobia/g after 6 months of storage at 20-
25 oC. The survival of the Rhizobium strains on inoculated or pelleted seeds of T.
subterraneum, using calcium carbonate or sepiolite as coating materials, were also
studied. Mean decimal reduction times of approximately 20 days of the Rhizobium
populations on seeds were observed in the best treatments under 25 °C and 60 %
relative humidity of storage conditions.
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Caracterizacao de estirpes eficazes de Bradyrhizobium sp.
(Lotus) em solos poluidos.
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A contaminacao dos solos por metais pesados &€ um problema ambiental a escala
mundial. Aléem da sua ocorréncia natural, os metais pesados podem entrar no
ambiente através de actividades antropogénicas. O estabelecimento de
vegetacao &€ uma importante actividade para a regeneracao de solos poluidos
industrialmente e as leguminosas podem aqui ter um importante papel, devido a
sua capacidade de fixar azoto atmosférico e a sua adaptacao a sistemas agricolas
de baixo “input”.

Este trabalho teve como objectivo a caracterizacdao da populagao rizobiana
isolada de plantas de Lotus uliginosus crescidas em solos duma zona industrial
com reconhecidos problemas de poluicao (principalmente Hg e As). Foram
avaliados diversos parametros designadamente a diversidade genética,
especificidade de hospedeiro, eficacia da fixacdo de azoto e a tolerancia ao Hg e
As. Os padrdes obtidos por REP e ERIC PCR revelaram a existéncia duma pequena
diversidade genética entre a populacao de Bradyrhizobium analisada. No entanto,
estes isolamentos foram eficazes na fixacdo de azoto e alguns deles tolerantes as
concentracdes mais elevadas de arsénio testadas. Estes resultados sugerem que
algumas destas simbioses parecem estar bem adaptadas as condi¢bes ambientais
adversas e poderao ser uma ferramenta util para a biorremediacdao de solos
contaminados.

Characterization of symbiotically effective Bradyrhizobium sp. (Lotus) strains
in polluted soils. Heavy metal contamination in soil is of major environmental
concern on a world scale. Besides their natural occurrence, heavy metals may
enter in the ecological environment through anthropogenic activities. The
establishment of vegetation is an important activity for regeneration industrially
polluted soils and leguminous plants can have here an important role, due their
capacity to fix N, and adaptation to low input agricultural systems.

The aim of this work was to characterize rhizobial population isolated from
Lotus uliginosus growing in soils from an industrial area with known pollution
problems (mainly Hg and As). Genetic diversity, host specificity nodulation tests,
efficiency to fix Ny, tolerance to Hg and As were evaluated. The patterns obtained
by REP and ERIC PCR, indicated a small genetic diversity among the
Bradyrhizobium isolates. However, these isolates were effective for nitrogen
fixation and some of them showed tolerance to the highest As concentration
tested. Our results suggested that some of these symbioses seem to be well
adapted to the harsh environmental conditions and could be a suitable tool for
bioremediation.

This work was supported by Ministério da Ciéncia e Tecnologia - FCT
(POCTI/AGG/46707/2002) and also by FEDER.
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CTIHI-1
Biodiversidad de bacterias con capacidad formadora de
nodulos en leguminosas.
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Las leguminosas comprenden alrededor de 18,000 especies que juegan un
importante papel ecolégico con representantes en casi cada uno de los sistemas
biolégicos de la Tierra. El éxito de las leguminosas puede ser atribuido a su
habilidad para fijar nitrégeno en simbiosis con un tipo de bacterias conocidas
como rhizobia. Los rhizobia forman en las raices de las leguminosas unos nédulos
donde reducen el nitrégeno atmosférico hasta una forma asimilable por la planta.
Los rhizobia descritos hasta la fecha son muy diversos y su taxonomia ha
cambiado considerablemente en los ultimos 20 anos dividiendo el género original
Rhizobium, un miembro de las a-Proteobacteria, en varios géneros diferentes.
Estos géneros de rhizobia son: Rhizobium, Sinorhizobium, (actualmente Ensifer),
Mesorhizobium, Bradyrhizobium y Azorhizobium. Aparte de los rhizobia, en los
ultimos anos, se ha documentado la nodulacién y fijacion de nitrégeno en
leguminosas por bacterias no pertenecientes a los habituales géneros de rhizobia.
Estas bacterias han sido agrupadas en las clases a y 3 de Proteobacteria e incluyen
especies de los géneros Methylobacterium, Blastobacter, Devosia, Ochrobactrum,
Phyllobacterium, Ralstonia, Cupriavidus y Burkholderia. Todas estas bacterias son
filogenéticamente (en referencia al gen ribosémico 16S) diferentes de los rhizobia
pero, portan genes de nodulacion similares. Con probabilidad, los genes nod
fueron adquiridos mediante transferencia horizontal genética. Los estudios
recientes indican que es posible que existan mas bacterias simbiontes de
leguminosas filogenéticamente alejadas de los tradicionales géneros de rhizobia.

Biodiversity nodulation in legumes. Members of the Leguminosae, comprising
about 18,000 species, play an important ecological role, with representatives in
nearly every type of biologic system on Earth. The success of legumes can be
attributed to their ability to form nitrogen-fixing symbioses with specific bacteria
known as rhizobia. Rhizobia forming nodules in roots in which they reduce
atmospheric nitrogen to ammonia for the benefit of plant. The rhizobial species
described so far are very diverse and their taxonomy has changed considerably
over the last 20 years, with the original genus Rhizobium, a member of the alpha-
Proteobacteria, now divided into several genera: Rhizobium, Sinorhizobium,
(renamed as Ensifer), Mesorhizobium, Bradyrhizobium and Azorhizobium. Apart
from Rhizobia, in the past years, reports of nodulation and nitrogen fixation with
legume hosts by bacteria that are outside the traditional rhizobial phylogenetic
lineages have been documented and grouped under o and [ class of
Proteobacteria, which include the genera Methylobacterium, Blastobacter, Devosia,
Ochrobactrum, Phyllobacterium, Ralstonia, Cupriavidus and Burkholderia. All these
new nodulating bacteria are phylogenetically (16S rDNA) distinct from the
rhizobia, but do carry nod genes similar to those of rhizobia. The nod genes were
most probably obtained by these new nitrogen fixing legume symbionts through
lateral-gene transfer. Recent reports confirm that it is quite likely that more such
bacteria, capable of effective nodulation will be discovered outside the traditional
rhizobia.
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Diazotrofia e diversidade microbiana: do isolamento em
cultura a metagenomica.

Tenreiro, R.”

Faculdade de Ciéncias, BioFIG-Centro de Biodiversidade, Gendmica Integrativa e
Funcional, Universidade de Lisboa, 1749-016 Lisboa. *rptenreiro@fc.ul.pt

A diazotrofia, capacidade de fixacdo de azoto, € uma propriedade exclusiva de
organismos procariotas e baseia-se no sistema enzimatico da nitrogenase, embora
possa ocorrer numa variedade de contextos metabodlicos em ambientes aerébios e
anaerdbios. Tendo em conta que os diazotrofos isolados em cultura se distribuem
por varios grupos filogenéticos de bactérias e arqueas e que o estudo comparativo
das nitrogenases e dos genes nif associados revelou um elevado grau de
conservagao, mesmo entre as nitrogenases convencionais (nitrogenases de Mo) e
as alternativas (nitrogenases de V ou Fe), o processo de fixacao de azoto parece ter
surgido num estado muito inicial da evolucao dos microrganismos procariotas
sendo a sua distribuicao actual resultante de transmissao vertical, eliminacao e
transferéncia horizontal de genes. Esta ocorréncia em distintas linhas filogenéticas
de procariotas limita o uso da abordagem habitual baseada no gene de rRNA 16S
como marcador para revelar a diversidade global de diazotrofos numa comunidade
ou ecosistema, devido a impossibilidade de desenhar oligonucleétidos iniciadores
de PCR exclusivamente selectivos para um grupo microbiano tao diverso.
Consequentemente, os genes nif posicionam-se como alvos gendémicos
suficientemente conservados para revelar de modo fiavel a diversidade de
diazotrofos num ambiente particular, recorrendo a uma estratégia baseada em DNA
extraido da comunidade. Além disso, os genes nif podem também ser usados,
numa abordagem transcriptomica baseada em RNA extraido da comunidade, para
avaliar os padrdes espaciais e temporais da diversidade funcional de diazotrofos no
ambiente e elucidar os mecanismos de regulacao da expressdao dos genes nif. De
modo a ilustrar estes assuntos serao utilizados varios exemplos com o objectivo
adicional de apresentar uma visao geral das varias estratégias experimentais que
sao actualmente usadas para avaliar, numa abordagem baseada em DNA or RNA, a
diversidade de diazotrofos em ecosistemas.

Diazothrophy and microbial diversity: from culture-based approaches to
metagenomics. Diazotrophy, the ability to fix nitrogen, is restricted to prokaryotic
microbes and in all known diazotrosz, isolated by a culture-based approach,
relies on the nitrogenase enzyme system, although occurring in diverse metabolic
contexts in both aerobic and anaerobic environments. Diazotrophs are widely
distributed across both the bacterial and archaeal domains of life and their
nitrogenases, either conventional (Mo-dependent) or alternative (V-dependent
and Fe-dependent), show high levels of structural conservation, pointing to a ver
early occurrence of the process of nitrogen fixation in prokaryotic evolution, wit
its present distribution being shaped by vertical transmission, gene loss and
lateral ﬂene transfer. This overall spread amongst prokaryotic lines of descent
limits the use of the common 16S rRNA gene marker approach to unveil the
hidden/uncultivable diversity of diazotrophs at a community or ecosystem level,
since no broad-range/universal PCR primers can be designed to encompass such a
diverse group. As a consequence, the relatively conserved nitrogenase genes (nif)
are more suitable genomic targets to assess, in a reliable way, the diversity of
diazotrophs of a particular environment, using a whole-community DNA strategy.
Furthermore, nif genes can also be used in a transcriptomic approach with whole-
community RNA to evaluate both spatial and temporal patterns of functional
diversity of diazotrophs in the environment, also providing clues about the
regulating mechanisms of nif genes expression. To illustrate these issues several
examples will be presented aiming to additionally provide an overview of the
several experimental strategies that are currently used to assess, in a DNA or RNA-
based approach, the diversity of diazotrophs in ecosystems.
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Biodiversidad de bifenilo-dioxigenasas en suelo y
rizosfera de un sitio contaminado por PCBs.
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La bifenilo dioxigenasa es la primera enzima en la via aerébica de degradacién de
bifenilo y PCBs. Esta enzima multimérica, es la responsable de la especificidad por
el sustrato y la region hidrofébica donde se une éste, se localiza en la subunidad o
(ISPa), que es una proteina que contiene Fe y S. Hemos estudiado la biodiversidad
de genes de ISPa en suelo y rizosfera utilizando muestras de un sitio contaminado
por PCBs en Lhenice (R. Checa). Se amplific6 ADN extraido de ambos habitat
utilizando cebadores que incluian la regiéon que codifica el centro activo y el sitio
de unién al sustrato. Los productos de PCR se clonaron para generar una
genoteca. Las secuencias de ISPa recuperadas de la libreria indican un alto grado
de diversidad filogenética y catabdlica. Muchas secuencias agruparon con
secuencias de bifenilo dioxigenasas de bacterias Gram -. Un grupo distinto, que se
compone de secuencias de este estudio, algunas secuencias descritas
previamente de muestras ambientales y una posible ISPa de Sphingomonas
wittichii RW1, parece contener mayor diversidad que la que se reconoce para toda
la subfamilia de las tolueno/bifenilo dioxigenasas. Ademas, la rizosfera seleccion6
dos secuencias ISPa que representaron casi el 60% de la libreria, que son muy
similares a secuencias de Pseudomonas. Estamos utilizando una libreria de
metagenoma para aislar genes que codifiquen nuevas bifenilo-dioxigenasas que
pueden ser Utiles en la biorremediacién de PCBs.

Biodiversity of biphenyl-dioxygenases in soil and rhizosphere from a PCB
polluted soil. Biphenyl dioxygenase is the first enzyme in the aerobic pathway for
biphenyl and PCBs degradation. This enzyme is also responsible for substrate
specificity and the hydrophobic pocket that binds the substrate is located in the
Iron Sulfur subunit a (ISPa). In order to study the biodiversity of ISPa genes in soil
and rhizosphere from a soil with a history of PCBs contamination, we amplified
and cloned DNA extracted from a site in Lhenice (Czech Republic) with primers
that span a region containing the active centre and the substrate binding site. The
ISPa sequences retrieved from the library indicate a high degree of catabolic and
phylogenetic diversity. Many sequences clustered with biphenyl dioxygenase
sequences from Gram- bacteria. A distinct cluster, that was composed of
sequences from this study, some previously described environmental sequences
and a putative ISPa from Sphingomonas wittichii RW1, seems to contain greater
diversity than the presently recognized toluene/biphenyl dioxygenase subfamily.
Moreover, the rhizosphere selected for two ISPa sequences that accounted for
almost 60% of the gene library and were very similar to sequences harboured by
Pseudomonas spp. We are using a metagenome library to try to isolate genes
encoding novel biphenyl dioxygenases that can be useful in PCBs bioremediation.
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Avaliacao da diversidade de rizobios de grao-de-bico em
Portugal revela grande variedade de espécies.
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O grao-de-bico € uma das mais importantes leguminosas no mundo sendo
cultivada pelas suas sementes ricas em proteina. Para além dos dois
microsimbiontes especificos de grao-de-bico, Mesorhizobium ciceri e M.
mediterraneum, estirpes proximas de outras trés espécies também induziram
nodulos efectivos em grao-de-bico [1, 2]. O objectivo deste trabalho foi avaliar a
diversidade de popula¢des naturais de rizébio de grao-de-bico no territério
Portugués. Os rizébios foram isolados de solo das 13 provincias Portuguesas.
Foram obtidos 110 isolados de 11 provincias, capazes de nodular grao-de-bico em
ensaios de re-inoculagao. Todos os isolados pertencem ao género Mesorhizobium
e estdo distribuidos em quatro grandes grupos, tal como revelado pela filogenia
baseada no 16S rDNA. Além disso, os isolados sao muito diversos agrupando com
quase todas as espécies de Mesorhizobium, excepto M. albiziae, M. chacoense e M.
thiogangeticum. E de salientar que apenas 37% agrupam com M. ciceri e M.
mediterraneum. A associacao detectada entre grupo de espécies e local de origem
dos isolados sugere uma distribuicao geografica das espécies. 40% dos isolados
revelaram eficiéncia simbidtica (SE) superior a 50% e cerca de 10% dos isolados
revelaram SE>75%. Tanto quanto sabemos este & o primeiro estudo sobre rizébios
abrangendo todas as provincias Portuguesas e mostra que varias espécies de
Mesorhizobium sao capazes de nodular eficientemente grao-de-bico.

A survey of chickpea rhizobia in Portugal shows high diversity of species.
Chickpea is one of the most important legumes worldwide, being cultivated for its
rich protein seeds. Besides the two specific chickpea microsymbionts,
Mesorhizobium ciceri and M. mediterraneum, strains close to other three species
were able to induce effective nodules in chickpea [1, 2]. The aim of this study was
to evaluate the diversity of chickpea rhizobia natural populations from Portugal.
Rhizobia were isolated using soil from the 13 provinces of Portugal. A total of 110
isolates, able to nodulate chickpea in the re-inoculation assay, were obtained from
11 provinces. All isolates are assigned to the genus Mesorhizobium and are
comprised in four main clusters, as revealed by the 16S rDNA-based phylogeny.
Furthermore, isolates are highly diverse grouping with almost all Mesorhizobium
species, with the exception of M. albiziae, M. chacoense and M. thiogangeticum.
Interestingly, only 37% grouped with M. ciceri and M. mediterraneum. The
association found between species group and origin site of the isolates suggests a
geographical distribution of species. 40% of the isolates showed a symbiotic
effectiveness (SE) above 50% and about 10% of the isolates showed SE>75%. To
our knowledge this is the first study focusing on indigenous rhizobia from all
Portuguese provinces and it shows that several Mesorhizobium species are able to
effectively nodulate chickpea.

Funding: FCT project POCTI/BME/44140/2002, co-financed by EU-FEDER; FCT grants
to M.L. (SFRH/BD/6772/2001, SFRH/BPD/27008/2006), A.A. (SFRH/BD/18162/2004)
and C.B. (SFRH/BD/30680/2006).

1. Laranjo et al. (2004) FEMS Microbiology Ecology 48: 101-107

2.Rivas et al. (2007) Letters in Applied Microbiology 44: 412-418
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membranas acopladas a un reactor anaerobio.
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Los Biorreactores anaerobios de membrana (BRAM) ofrecen una muy buena
alternativa para el tratamiento y reuso del agua residual tanto industrial como
municipal, consiguiendo la eliminacién de materia organica y compuestos de
nitrégeno en el agua tratada. Sin embargo existe un fendmeno inevitable y dificil
de controlar en el proceso, que es el biofouling o biotaponamiento de membranas,
lo cual se explica por acumulacion de material organico, inorgdnico y adhesion de
microorganismos, asi como por su crecimiento y proliferaciéon en la superficie de
la membrana. Dado que el biotaponamiento de la membrana filtrante es un
fendmeno inevitable en el tratamiento de agua, una de las prioridades actuales
en la investigacion de este campo es controlar ese taponamiento y desarrollar
membranas con materiales anti-fouling. En ese sentido, el objetivo de este trabajo
es entender el proceso de formacidn y sus propiedades, centrandose en la
identificacion y caracterizacion de la microbiota que forma la biopelicula
taponante por medio de herramientas de biologia molecular (PCR, TGGE) y
microscopia electrénica, en las membranas de ultrafiltracién (PVDF 100 KDa),
acopladas a un reactor anaerobio (UASB de 0.87 m3) para el tratamiento de agua
residual municipal.

Molecular characterisation of the fouling biofilm formed on anaerobic
membrane bioreactors. Anaerobic membrane bioreactors (AMBR) have been
recently applied for anaerobic wastewater treatment, mostly from industries. A
current challenge for this technology is to enter into the rapidly increasing field of
municipal wastewater reclamation. One of the research priorities is focused on
fouling control and development of anti-fouling membranes. In order to advance
on these research subjects, a thorough understanding of the fouling phenomena
is required. The main object of this research is to understand the phenomena of
biofouling in an anaerobic reactor (0.87m3) coupled to an ultrafiltration
membrane (PVDF 100 KDa) arrangement, fed with municipal wastewater. Our
research strategy is aimed to characterize the fouling layer and identify the main
causes of its formation, identifying the microbiote by PCR-TGGE and SEM.
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La diversidad genética de 70 aislados obtenidos a partir de nédulos de las raices
de Cytisus triflorus crecidas en condiciones naturales en las regiones Awdal y Fifi
del Rif marroqui se ha analizado mediante ensayos REP (Repetititve Extragenic
Palindromic fingerprinting) y secuenciacién del gen 16S rRNA. Los aislados se
distribuyeron en 19 grupos, y el gen 16S rRNA de un aislado representante de
cada grupo se secuencié casi en su totalidad. El analisis de las secuencias
demostré6 que los aislados estaban relacionados con rizobios del género
Bradryhizobium de las o-Proteobacteria, excepto uno de ellos que se clasificd
como perteneciente al género Mesorhizobium. La construccion de un arbol
filogenético basado en la secuencia del gen 16S rRNA indicé que 2 aislados se
agruparon con B. japonicum USDA6T, que 7 de ellos lo hicieron con B. betae
L7HG1T, y que otros 6 formaron un cluster con B. canariense BC-C2. El resto de los
aislados no se agrupd con ninguna especie tipo de Bradyrhizobium. La identidad
de la secuencia de cada uno de los aislados con las de las especies de
Bradyrhizobium depositadas en GenBank fueron inferiores al 99%, lo que sugiere
que los aislados de C. triflorus pudieran pertenecer a especies no descritas hasta la
fecha.

Phylogenetic diversity of rhizobial strains nodulating Cytisus triflorus. The
genetic diversity of 70 endophytic bacterial strains isolated from root nodules of
Cytisus triflorus grwon in the Awdal and Fifi regions of the Moroquian Rif was
analysed by Repetititve Extragenic Palindromic (REP) fingerprinting and 16S rRNA
gene sequencing. The isolates were distributed into 19 REP groups, and a
representative strain from each group was subjected to nearly complete 16S rRNA
gene sequencing. Analysis of these sequences showed that the isolates were
mainly related to species of the genera Bradyrhizobium from o-Proteobacteria.
One isolate, however, was classified as Mesorhizobium. A 16S rRNA-based
phylogenetic tree showed that 2 isolates clustered with B. japonicum USDAG6T,
other 7 isolates grouped with B. betae L7HG1T, and that other 6 isoaltes were close
to B. canariense BC-C2. The remaining isolates did not cluster with any of the
Bradyrhizobium type strains. For each isolate, the identity of its sequence
compared with those of the Bradyrhizobium species in GenBank was lower than
99%, which suggests that isolates from C. triflorus could belong to hitherto
undescribed bacterial species.

Agradecimientos: Este trabajo se ha subvencionado con fondos del Proyecto de
Investigacion CGL2006-06870/BOSS del Ministerio de Educaciéon y Ciencia.
También se agradece la ayuda de la Junta de Andalucia al Grupo de Investigacion
BIO-275.



I Congresso Luso-Espanhol de Fixag¢do de Azoto-XIl Reunido Nacional de Fixac¢do de Azoto: Sessdo Il 39

SII-5
El simbiosoma de altramuz desde la perspectiva de la
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Hace unos 1500 millones de anos, ciertas bacterias endosimbidticas perdieron su
capacidad de vivir fuera de la célula huésped y dieron lugar a las mitocondrias y
los plastidios. Durante este proceso, la célula huésped se hizo igualmente
dependiente de las funciones de estos organulos. Los rizobios endosimbidticos
estan lejos de ser organulos celulares, pero funcionan como tales respecto a la
fijacion de nitrégeno ya que desarrollan una dependencia metabdlica mutua con
la célula. En la mayoria de los nédulos, los rizobios infectan células postmitoéticas,
que pierden su capacidad de division Sin embargo, en el nédulo de altramuz, las
células infectadas por Bradyrhizobium sp. (Lupinus) mantienen su capacidad
mitética durante varios ciclos. La reorganizacion del citoesqueleto y el
movimiento de los simbiosomas sugieren mecanismos de segregacion
semejantes a los descritos para otros organulos (Fedorova et al.,, J. Exp. Bot.
58:2225-36, 2007). En este trabajo mostramos una perspectiva evolutiva de esta
simbiosis en comparacién con otros tipos de asociaciones endosimbidticas tanto
en leguminosas como en otros organismos, asi como un andlisis comparativo de
datos anatémicos, fisioldgicos y genéticos que pueden permitir determinar el
grado de adaptacion y coevolucidon de la simbiosis. Los datos sugieren que el
microsimbionte de altramuz podria ser considerado un eslabén en la evolucion de
los organulos celulares.

The lupin symbiosome from the perspective of cell organelle evolution. Some
1500 million years ago, certain endosymbiotic bacteria lost their ability to live
outside cells and gave rise to mitochondria and plastids; in this process, the host
cell became equally dependent on organelle functions. Endosymbiotic rhizobia
are far from being organelles, but they act like plant cell organelles in terms of
nitrogen fixation, as they develop a mutual metabolic dependence with the host
legume. In most nodules, rhizobia infect postmitotic cells, which loose their ability
to divide. Nevertheless, lupin nodule cells infected by Bradyrhizobium sp. (Lupinus)
maintain their capacity to undergo mitosis during several cell cycles. Cytoskeleton
dynamics and symbiosome movement suggest segregation mechanisms similar
to those described for other organelles (Fedorova et al.,, J. Exp. Bot. 58:2225-36,
2007). In this work we present an evolutionary view of this symbiosis in
comparison with other endosymbiotic associations in legumes and in other
organisms, as well as a comparative analysis of anatomical, physiological and
genetic data, which may serve to determine the degree of adaptation and
coevolution of symbiosis. Data suggest that the lupin microsymbiont may be
considered as a link in cell organelle evolution.
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La tara, Caesalpinia spinosa (Mol.) Kuntze, es la especie arbérea predominante en
los bosques de Lomas de Atiquipa (Peru). Esta zona presenta un gran valor
ecoldgico ya que se trata del mayor ecosistema con vegetacion en el desierto de
Atacama. El objeto de este trabajo es la caracterizacién de bacterias presentes en
la rizosfera de tara que pueden ser empleadas como biofertilizantes o promotoras
del crecimiento vegetal (PGPR) para favorecer la restauracién de este ecosistema.
Aunque no se ha descrito que la tara, como leguminosa, sea capaz de formar
nédulos fijadores de nitrégeno, es posible que su crecimiento resulte favorecido
por la presencia de rizobios. Se aislaron rizobios a partir de los nédulos formados
por leguminosas trampa cultivadas en suelos recogidos en Arequipa, Tacna,
Ayacucho y Apurimac. Mediante secuenciacién directa y filogenia del gen 16S
rDNA, se identificaron rizobios muy préximos a las especies Rhizobium etli, R.
gallicum, Sinorhizobium sp.y S. fredii. También se caracterizaron diversas bacterias
en la rizosfera de tara, entere ellas algunas préximas Klebsiella sp., Pseudomonas
sp. y P. putida. Las bacterias aisladas se ensayardn como inoculantes para estudiar
su posible efecto estimulador del crecimiento de tara.

Bacterial diversity in the rhizosphere of tara (Caesalpinia spinosa) in the
forests of Lomas de Atiquipa, Peru. Tara, Caesalpinia spinosa (Mol.) Kuntze, is the
predominant tree species in the forests of Lomas de Atiquipa, Peru. This area has
high ecological value as it represents the largest ecosystem with vegetation in the
Atacama Desert. The aim of this work was the characterization of bacteria from the
rhizosphere of tara that could be applied as biofertilizers or plant growth
promoting rhizobacteria (PGPR) to facilitate the restoration of this ecosystem. Tara
is a legume, but it has not been described to form nitrogen-fixing nodules.
However, the presence of rhizobia could possibly stimulate its growth. Rhizobia
were isolated from nodules formed by trap legumes grown in soils collected in
Arequipa, Tacna, Ayacucho and Apurimac. 16S rDNA gene sequencing and
phylogeny was used to identify several rhizobia that were closely related to the
species Rhizobium etli, R. gallicum, Sinorhizobium sp. and S. fredii. Different other
bacteria were isolated from the rhizosphere of tara, some of which were found to
be close to Klebsiella sp., Pseudomonas sp. and P. putida. Isolated bacteria will be
tested as inoculants in order to study their possible growth promoting effect.
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Se han aislado 27 Rhizobium de nédulos de plantas del género Medicago crecidas
en suelos contaminados afectados por el vertido téxico de la mina de Aznalcéllar.
Hemos analizado la resistencia a As de todas las cepas aisladas, encontrando que
existe una gran variabilidad entre ellas, de modo que la CMI para arsenito puede
variar desde 1 a 10 mM. Igualmente, se producen también diferencias en la
resistencia a arseniato y antimonio, conferida por el mismo operén. El perfil de
megaplasmidos indica una alta biodiversidad en suelos contaminados, siendo las
cepas, ademads, simbidticamente efectivas. Se han utilizado criterios basados en
los perfiles de megaplasmidos, la amplificacién de genes exo y la secuenciacion
del ADN ribosémico 16S y de las regiones intergénicas ADNr 16S — ADNr 23S para
establecer una diferencia entre las bacterias que presentan resistencia alta o
intermedia (CMI para arsenito 3-10 mM) o baja (CMI 1-2 mM). Los resultados
parecen indicar que las bacterias mas resistentes pertenecen a la especie Ensifer
medicae, mientras que las menos resistentes pertenecerian a la especie E. meliloti.
Se ha detectado la presencia de operones de resistencia a As, de localizacién
plasmidica, en ambas especies. Sin embargo, la organizacién génica es diferente.
La existencia de una bomba de arsenito (arsB) en S. medicae, frente a un canal de
tipo “aquagliceroporin” en S. meliloti, parece ser lo que determina una mayor
resistencia en las cepas pertenecientes a la primera especie.

A comparison of the As/Sb resitance systems in Ensifer species. A collection of
27 Rhizobium strains have been isolated from nodules of Medicago plants grown
on contaminated soils of the Aznalcéllar mine after the toxic spill. The resistance
of all of them to arsenite has been analysed. A high variability has been found,
with MICs for arsenite ranging from 1 to 10 mM. Differences were also found on
the resistance to arsenate and antimony, conferred by the same operon.
Megaplasmids profiles indicate a great biodiversity on these contaminated soils,
being furthermore the strains symbiotically effective. Data based on megaplasmid
profiles, amplification of exo genes and sequencing of 16S rDNA as well as 16S
rDNA-23S rDNA intergenic regions indicate species specific differences among the
high and medium resistant strains (MIC for arsenite 3-10 mM) and those with low
resistant (MIC 1-2 mM). Results suggest that high resistant strains may belong to
the Sinorhizobium medicae species, while low resistant strains probably belong to
S. meliloti. The presence of arsenic resistance operons, localized in megaplasmids,
has been shown in both types of strains. However, different gene organisation has
been observed. The presence of an arsenite pump (arsB) in S. medicae, in the place
of an aquaglyceroporin in E. meliloti, allows the first one to tolerate much higher
arsenic concentrations.
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Aislamiento de rizobios que nodulan habichuela
(Phaseolus vulgaris L.) en agrosistemas de montana de la
Republica Dominicana.

Diaz-Alcantara, C., Mulas, D.2, Velazquez, E.3, Casquero, P.2, y Gonzalez-
Andrés, F. 2*
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El objetivo de este trabajo fue aislar bacterias simbiontes fijadoras de nitrégeno
atmosférico a partir de ndédulos de habichuela (Phaseolus vulgaris L., en
agrosistemas de montafa con agricultura de subsistencia, de la regidon centro-
norte de la Republica Dominicana, para estudiar la biodiversidad de los mismos y
evaluar su capacidad de nitrofijacion con la finalidad de desarrollar
biofertilizantes. Se obtuvieron 60 aislados de nédulos radiculares en un total de 14
suelos distribuidos de manera homogénea en 3 provincias: Elias Pifia, San José de
Ocoa y La Vega. La presencia de plantas noduladas fue préxima al 100% en todas
las provincias salvo La Vega donde hubo algunas parcelas con incidencia de
nodulacién media o baja. Dieciocho de los 32 aislados que reinfectaron las plantas
inoculadas, mostraron una eficiencia significativa en la fijacion de nitrégeno
atmosférico y constituyen el grupo de cepas con los que se realizaran posteriores
ensayos en microcosmos y campo para la elaboracion del biofertilizante. Estos 32
aislados presentaron 15 perfiles diferentes de TP-RAPD, de los cudles 5 estuvieron
representados por dos o mas cepas. En el futuro se procederd a la identificacion
taxonémica de un representante de cada perfil TP-RAPD, mediante la
secuenciacion de genes especificos.

Isolation of rhizobia nodulating “habichuela” (Phaseolus vulgaris L.) in
mountainous agrsystems in Dominican Republic. The objective was to isolate
“habichuela” (Phaseolus vulgaris L) N fixing simbionts from mountainous
subsistence agrosystems located in central-north Dominican Republic, in order to
study the biodiversity and to appraise its N; fixing ability for the development of
biofertilisers. Sixty isolates were extracted from radicular nodules from 14 soils
distributed homogenously in three provinces: Elias Pifia, San José de Ocoa and La
Vega. The presence of nodulated plants was close to 100% except in La Vega
province where some plots showed a medium or low incidence. Eighteen of the
32 isolates that reinfected the plants inoculated, showed a significant rate of
nitrogen fixation, and are the group of strains that will be studied in microcosm
and in field experiments for the biofertiliser development. The 32 isolates showed
15 different TP-RAPD profiles, 5 of them being represented by 2 or more strains. In
the future, the taxonomic identification of a representative of each TP-RAPD
group will be carried out by specific genes sequentiation.
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Diversidad microbiana en suelos contaminados con
metales pesados.
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Se ha estudiado la diversidad microbiana en tres suelos de Andalucia y Marruecos
contaminados por diferentes metales pesados y metaloides: a) suelo de la regién
minera de Middelt (Marruecos), contaminado principalmente por Zny Pb, b) suelo
de la zona minera de Riotinto, con altas concentraciones de Cu y Fe
fundamentalmente, y ¢) suelo afectado por el vertido téxico de la mina de
Aznalcdllar (Sevilla), con contaminacion residual por As, Cd, Cu, Pb y Zn. Por una
parte se ha constatado una correlaciéon logaritmica inversa entre la densidad
bacteriana y el indice de polucién (PI). A pesar de los indices de polucion, bastante
elevados en algunas de las localizaciones, se ha encontrado una amplia
biodiversidad en la poblacién microbiana, puesta de manifiesto mediante perfiles
plasmidicos o ADNr 16S-RFLP. Por otro lado, se ha estudiado la resistencia a As 'y
metales pesados en las bacterias aisladas, encontrdndose que en general la
resistencia de las bacterias rizosféricas fue mayor que la de las bacterias de vida
libre. Se han identificado las cepas que presentaban una mayor resistencia a
metales mediante la secuenciacion del ADNr 16S, observandose una diferencia
entre los géneros de bacterias mas resistentes en cada localizacién. Algunas de
estas bacterias muestran un gran potencial en biorremediacién de metales, en
sistemas integrados planta-bacteria. Tal es el caso de varios Rhizobium
simbidticamente efectivos y altamente resistentes a As. Ademas, es frecuente el
caso en estos suelos contaminados, de leguminosas noduladas por diferentes
géneros de o- y P-proteobacterias, como Ochrobactrum sp. y Serratia
proteamaculans.

Bacterial diversity of heavy-metal contaminated soils. An analysis of bacterial
diversity has been performed in three contaminated mine sites of Andalusia
(Southern Spain) and Morocco: a) soils from Middelt region of Morocco, mainly
polluted by Zn and Pb, b) soils at the Riotinto mine area, rich in Fe and Cu, and ¢)
soils affected by the toxic spill occurred at he Aznalcéllar (Seville) mine, with
residual contamination by As, Cd, Cu, Pb and Zn. Density of free bacteria in these
soils showed an inverse logarithmic correlation vs. the pollution index. In spite of
that, a high bacterial biodiversity (based on megaplasmid profile or 16S rDNA-
RFLP) was found, even in soils with high pollution index. Furthermore, the
resistance of these bacteria to As and heavy metals has been studied, being in
general rhizosphere bacteria more resistant to heavy metals than free
heterotrophic bacteria. The most resistant bacteria have been identified using
commercial identification systems and 16S rDNA sequencing. We found
differences in the most representative genera of bacteria in the different sites.
Some of these bacteria show a potential in bioremediation of heavy metals in
soils, in an integrated plant-bacteria bioremediation system. Among them, many
Rhizobium were isolated, being some of them highly resistant to As and also
symbiotically effective. More frequently, legumes appeared to be nodulated by
different o- and P-proteobacteria, such as Ochrobactrum sp. and Serratia
proteamaculans.
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Caracterizacao genotipica de estirpes de rizobio isoladas
de luzernas anuais por M13-PCR.
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A técnica de fingerprinting genémico por M13-PCR baseia-se na utilizacao de um
primer especifico para uma sequéncia particular do gene que codifica para a
proteina core do bacteriéfago M13 e que se verificou estar presente em repeticoes
multiplas e hipervaridveis nos genomas conhecidos. Neste estudo, o método foi
aplicado pela primeira vez a avaliacao da diversidade genotipica de isolados de
nédulos radiculares de luzernas anuais, provenientes de diversas regides do sul e
centro de Portugal, com diferentes caracteristicas geoldgicas, topoldgicas e
climaticas. O DNA gendémico de cada isolado foi amplificado por PCR usando o
primer M13 e os perfis de fragmentos de DNA resultantes foram submetidos a
analise aglomerativa usando o software Bionumerics. O agrupamento hierarquico
dos padrées de M13-PCR mostrou diferencas significativas entre os isolados e
permitiu o estabelecimento de varios grupos genotipicos, cada um incluindo
isolados com diferentes origens geograficas e provenientes de diferentes tipos de
solos. Foram seleccionados membros representativos de cada grupo para
identificacdo por sequenciacdo do rDNA 16S, a fim de avaliar o significado
taxonémico do agrupamento. A analise dos isolados por ERIC-PCR, usando os
primers ERICTR e ERIC2, resultou na associacao em grupos diferentes, mostrando
que os dois métodos possuem diferentes poderes discriminatérios; os resultados
foram usados para uma analise combinada dos dados produzidos por ambos
métodos.

M13-PCR fingerprinting of root-nodule isolates from annual medics. The
M13-PCR genomic fingerprinting method is based on the use of a single primer,
specific to the core sequence of phage M13 minisatellite DNA, to amplify
hypervariable genomic DNA sequences, and so far has not been applied to the
characterization of rhizobial populations. In this study, the method was used to
evaluate the genotypic diversity of root-nodule isolates from annual medics,
obtained from several locations in southern and central Portugal with different
geological, topological and climatic conditions. The genomic DNA of each isolate
was amplified by PCR using the primer M13, and the Bionumerics software was
used to perform densitometric and band based analysis of the resulting patterns
of DNA fragments. The hierarchical clustering of the M13-PCR profiles showed
significant differences among the isolates and allowed the distinction of several
major groups of genotypes, each one including isolates with distinct geographic
origins and from different soil types. Representative members of each cluster were
selected for identification by 16S rDNA sequencing, in order to evaluate if the
clustering was taxonomically significant. Different grouping of the isolates was
obtained by ERIC-PCR using primers ERIC1R and ERIC2; the results were used for a
combined analysis of the typing data produced by the two methods.

Trabalho realizado no ambito do Projecto POCTI/AGG/46371/2002, co-financiado
pelo FEDER.
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Aplicacion de la técnica DGGE en el estudio de la
diversidad de Frankia.
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Por su importancia para el hombre y por su amplia distribucién en nuestro
planeta, las simbiosis mutualistas fijadoras de N> mas importantes son la
establecida entre rizobios y leguminosas, y la simbiosis actinorricica, que
comprende a mas de 200 especies de dicotiledéneas lefosas asociadas
simbidticamente con el actinomiceto Frankia. La ubicuidad de Frankia es bien
notable, encontrandose en latitudes inhdspitas y en suelos desprovistos de
especies actinorricicas, lo que indica una existencia como saprofito y buena
competitividad frente a otros microorganismos edéficos. Se sabe de la alta
diversidad de Frankia, pero los estudios sobre su biodiversidad encuentran la
dificultad del dificil aislamiento y crecimiento in vitro de este actinomiceto. Por
ello, las técnicas moleculares de alto poder resolutivo que, sin necesidad de
aislamiento, permiten analizar la diversidad microbiana en muestras ambientales
pueden ser extremadamente utiles en el caso de Frankia. El objetivo de este
trabajo fue, por tanto, adaptar la técnica DGGE al estudio de la diversidad de este
microsimbionte. El protocolo seguido comprende la amplificacién, mediante PCR
anidada, de un fragmento hipervariable del gen 16S rRNA con, en primer lugar, los
cebadores especificos de Frankia FN1F y FN1R; y, posteriormente, con los
cebadores FNF y GC-X5R, que permiten obtener fragmentos de 400 pb
apropiados para su separacién mediante DGGE. Esta metodologia ha dado
resultados satisfactorios con diversas muestras ambientales.

Application of the DGGE technique in the study of the diversity of Frankia.
Due to their great importance for humankind and worldwide distribution, the
most important N»- fixing mutualistic symbioses are that established between
rhizobia and legumes and the actinorhizal symbiosis, the later including more
than 200 woody dicotyledonous plant species symbiotically associated with the
actinomycete Frankia. The great ubiquity of Frankia, which is found in
inhospitable latitudes and in soils devoid of actinorhizal plants, indicates that it
can live as a saprophyte and compete with soil microorganisms. It is known that
Frankia has a great genetic diversity but studies on biodiversity face the difficult
isolation and slow growth in vitro of this actinomycete. Therefore, molecular
techniques with high resolution power that, without the need of isolation, allow
analyzing the microbial diversity in environmental samples can be extremely
useful in the case of Frankia. The aim of this work was, therefore, to adapt the
DGGE technique to study the diversity of this microsymbiont. The methodology
followed includes the amplification by nested PCR of a hypervariable fragment of
the 16S rRNA gene with, first, the specific primers for Frankia FN1F and FN1R; and,
later, with the primers FNF and GC-X5R, by which fragments of 400 bp appropriate
for separation through DGGE are obtained. This methodology has been successful
with different environmental samples.
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Evolucion de la microbiota en suelos agricolas con manejo
diferenciado, ecoldégico y convencional, y anulacion de la
influencia del tipo de manejo por el efecto rizosférico.

Garcia-Galavis, P.A., Grande, M.).*, Santamaria, C., Herencia, J.F., Ruiz-Porras,
J.C., Jiménez, J.A., y Daza, A.
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Se ha analizado la evolucién de las poblaciones de bacterias y hongos viables del
conjunto del suelo y las bacterias de la rizosfera y rizoplana de cinco patrones de
frutales de hueso plantados en dos parcelas experimentales ubicadas en la finca
experimental del IFAPA Centro Las Torres-Tomejil” en Sevilla (Espafna) que estan
sometidas a un manejo agricola diferenciado, ecolégico y convencional. Las
muestras de suelo se tomaron a dos profundidades diferentes (0-20 y 20-40 cm),
durante tres anos consecutivos, y con una periodicidad de 3-4 meses. La
microbiota bacteriana presente en la rizosfera y la rizoplana se analizé al final del
periodo vegetativo.

Las poblaciones de bacterias y hongos totales del suelo estuvieron
claramente influenciadas por el tipo de manejo, presentando un valor
significativamente mayor en el tratamiento ecoldgico. La evolucion de ambas
poblaciones durante el ensayo fue estacional a lo largo de cada afo, en ambos
manejos y a las dos profundidades.

Las poblaciones de bacterias asociadas a la raiz de cada patrén, tanto en
rizosfera como en rizoplana, no mostraron diferencias significativas debidas al
tipo de manejo, sugiriendo la existencia de un efecto rizosférico capaz de
amortiguar las variaciones debidas al manejo que existen entre las fracciones no
rizosféricas de ambos suelos.

Soil microbiota evolution in agronomical soils managed following the organic
or conventional practices and annulment of the management influence by the
“rhizosphere effect”. We analyzed total cultivable fungi and bacteria in the bulk
soil and also the rhizosphere and rhizoplane bacteria from five stone fruit
rootstocks planted in two experimental plots located at the IFAPA Centro “Las
Torres-Tomejil” in Seville, Spain. One plot was managed following an organic and
the other a conventional system. Samples were taken from two soil depths (0-20
and 20-40 cm), along three years and 3-4 times per year. Rhizosphere and
rhizoplane bacteria from rootstocks were taken in autumn.

Total culturable bacteria and fungi were statistically higher in the organic
treatment and data showed a climatic seasonal influence in both treatments and
also at the two soil depths.

The soil management treatment had not effect on the rhizosphere and
rhizoplane bacteria, suggesting the existence of a “rhizosphere effect” able to
overrule the influence of soil management system observed in the bulk soil
microbiota.
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Robinia pseudoacaciay Mesorhizobium: tal para cual
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La diversidad genética de 77 aislados obtenidos a partir de los ndédulos de las
raices de Robinia pseudocacia cultivadas en suelos procedentes de diversas
localizaciones en Europa y USA se ha analizado mediante ensayos REP (Repetititve
Extragenic Palindromic fingerprinting) y secuenciacién del gen 16S rRNA. Los
aislados se distribuyeron en 25 grupos, y el gen 16S rRNA de un aislado
representante de cada grupo se secuencio casi en su totalidad. El analisis de las
secuencias demostré que los aislados estaban relacionados con rizobios de los
géneros Mesorhizobium (68%) y Bradryhizobium (32%) de las a-Proteobacteria. La
construccién de un arbol filogenético basado en la secuencia del gen 16S rRNA
indic6 que los aislados mostraron diversos grados de homologia con las
secuencias correspondientes de M. amorpahe, M. ciceri, M. septentrionale, M. loti y
M. huakuii. Del resto de los aislados, uno se agrupé con Bradyrhizobium japonicum
y el otro con B. lupini. La identidad de la secuencia de cada uno de los aislados con
las de las especies tipo de Mesorhizobium y de Bradyrhizobium depositadas en
GenBank fueron en muchos casos inferiores al 99%, lo que sugiere que los aislados
de Robinia pseudocacia pudieran pertenecer a especies no descritas hasta la fecha.

Robinia pseudoacacia and Mesorhizobium: they are two of a kind. The genetic
diversity of 77 endophytic bacterial strains isolated from root nodules of Robinia
pseudoacacia grown in soils from different locations in Europe and USA was
analysed by Repetititve Extragenic Palindromic (REP) fingerprinting and 16S rRNA
gene sequencing. The isolates were distributed into 25 REP groups, and a
representative strain from each group was subjected to nearly complete 16S rRNA
gene sequencing. Analysis of these sequences showed that the isolates were
mainly related to species of the genera Mesorhizobium (68%) and Bradyrhizobium
(32%) from a-Proteobacteria. A 16S rRNA-based phylogenetic tree showed that
isolates clustered with M. amorpahe, M. ciceri, M. septentrionale, M. loti and M.
huakuii. One of the remining isolates grouped with Bradyrhizobium japonicum,
and the other with B. lupini. For many of the isolates, the identity of its sequence
compared with those of the Mesorhizobium and Bradyrhziobium type species in
the GenBank was lower than 99%, which suggests that isolates from Robinia
pseudocacia could belong to hitherto undescribed bacterial species.

Este trabajo se ha subvencionado con fondos del Proyecto de Investigacion
CGL2006-06870/BOSS del Ministerio de Educacién y Ciencia. También se agradece
la ayuda de la Junta de Andalucia al Grupo de Investigacion BIO-275.
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Analise filogenética dos genes simbiodticos suporta a
transferéncia lateral de genes no género Mesorhizobium.
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O grao-de-bico tem sido considerado um hospedeiro restritivo a nodulacdao. No
entanto, estudos recentes mostram que varias espécies de Mesorhizobium podem
nodular grao-de-bico eficientemente (1,2). Com o objectivo de investigar as
relagdes evolutivas entre estas diferentes espécies capazes de nodular o mesmo
hospedeiro, analisdamos 21 isolados Portugueses de rizébio de grao-de-bico. Os
genes simbidticos nifH e nodC foram sequenciados e usados para analise
filogenética. A eficiéncia simbidtica foi determinada com o objectivo de avaliar a
sua relagdo com os genes simbidticos. A comparacao da filogenia baseada no 16S
rDNA com as filogenias baseadas nos genes simbidticos sugere a transferéncia
lateral de genes simbidticos entre diferentes espécies. O grao-de-bico é
confirmado como um hospedeiro ndao promiscuo. Apesar de ser nodulado por
muitas espécies de rizébio diferentes, estas partiiham os mesmos genes
simbidticos, sugerindo que o grao-de-bico reconhece apenas alguns factores Nod.
Estes resultados sugerem que a sequenciacao dos genes nifH e nodC pode ser
usada para a deteccao rapida de mesorizébios de grao-de-bico (3).

Phylogenetic analysis of symbiosis genes supports lateral gene transfer
within the genus Mesorhizobium. Chickpea has been considered a restrictive
host for nodulation by rhizobia. However, recent studies have reported that
several Mesorhizobium species may effectively nodulate chickpea (1,2). ith the
purpose of investigating the evolutionary relationships between these different
species with the ability of nodulating the same host, we analysed 21 Portuguese
chickpea rhizobial isolates. Symbiosis genes nifH and nodC were sequenced and
used for phylogenetic studies. Symbiotic effectiveness was determined to
evaluate its relationship with symbiosis genes. The comparison of 16S rDNA-based
phylogeny with the phylogenies based on symbiosis genes revealed evidence of
lateral transfer of symbiosis genes across different species. Chickpea is confirmed
as a non-promiscuous host. Although chickpea is nodulated by many different
species, they share common symbiosis genes, suggesting recognition of only a
few Nod factors by chickpea. Our results suggest that sequencing of nifH or nodC
genes can be used for rapid detection of chickpea mesorhizobia (3).

1. Laranjo et al. (2004) FEMS Microbiol. Ecol. 48, 101-107;
2.Rivas et al. (2007) Lett. Appl. Microbiol. 44, 412-418;
3. Laranjo et al. (submetido).

Financiamento: projecto FCT POCTI/BME/44140/2002, co-financiado pela EU-
FEDER; bolsas FCT a M.L. (SFRH/BD/6772/2001, SFRH/BPD/27008/2006) e A.A.
(SFRH/BD/18162/2004).
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Aislamiento y caracterizacion de bacterias que nodulan
especies del género Lotus procedentes de suelos salinos
de la Sierra de Baza (Granada).
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Las leguminosas del género Lotus se han propuesto para su utilizacion en
pastizales en suelos deprimidos, por su persistencia y produccién en condiciones
adversas (salinidad, sequia o metales pesados). El objetivo de este trabajo fue la
identificacion de bacterias tolerantes a salinidad capaces de establecer simbiosis
efectivas con especies de Lotus. Se obtuvieron 178 aislados procedentes tanto de
ndédulos de plantas autdctonas de suelos salinos de la Sierra de Baza (Granada,
Espafia) como de nédulos obtenidos con plantas trampa de L. corniculatus y L.
tenuis inoculadas con muestras de suelo de dicha zona. Los aislados se
caracterizaron molecularmente mediante técnicas de REP-PCR, 16S rDNA RFLP,
secuenciacion del 16S rDNA y del gen atpD. Se han identificado al menos tres
especies distintas: Meshorhizobium chacoense, M. tianshanense y Mesorhizobium
sp. El estudio de la secuencia de los genes simbioticos nifH y nodC mostré que
todos los aislados estudiados, a excepcidon de los no fijadores, presentaban altas
identidades con los genes simbidticos de M. loti. Del total de los aislados
estudiados, aproximadamente un 10% fueron muy tolerantes a sal y presentaron
una buena eficiencia fijadora en simbiosis con L. corniculatus.

Isolation and characterization of Lotus-nodulating bacteria isolated from
saline soil of Sierra de Baza (Granada). Lotus species are forage legumes with
potential as pastures in low fertility and environmentally constrained (salinity,
drought and heavy metals) soils due to their high persistence and yield under
those conditions. The aim of this work was the identification and characterization
of salt-tolerant bacteria able to establish efficient symbiosis with Lotus spp. A total
of 178 isolates were obtained from field nodules of Lotus spp. growing in saline
soils from Sierra de Baza (Granada, Spain) or from nodules from Lotus corniculatus
and L. glaber as trap plants inoculated with soil samples. Molecular identification
of the isolates was performed by REP-PCR, 16 S rDNA RFLP and 16S rDNA and atpD
sequence analysis, showing the presence of at least 3 different rhizobial species,
Mesorhizobium tianshanense, M. chacoense, and Mesorhizobium sp. The nifH and
nodC sequences of all isolates, except those with a Fix phenotype, showed
highest similarity with the corresponding genes of the type rhizobial species M.
loti. Approximately 10% of the isolates were highly salt-resistant and showed a
good symbiotic performance with L. corniculatus.
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SI-16
Fungos hipdégeos associados a arbustos nas regides
interiores de Portugal.

Machado, H.", Marques, J.2, Gomes, C. 3, e Ferreira, M.’

'INRB-Unidade de Investigac¢do de Protec¢do de Plantas, Quinta do Marqués 2780-159
Oeiras, Portugal 2AMBI, Associagcdo Micolégica da Beira Interior, Castelo Branco
3Direccdo Regional de Agricultura e Pescas do Alentejo, Evora.
*helena.machado®@efn.com.pt

Nas regides interiores de Portugal a colheita de cogumelos hipégeos & uma
actividade tradicional apesar do desconhecimento das espécies presentes e do
seu papel na manutencao dos ecossistemas de regides secas. Areas com producao
natural foram observadas de 2004 a 2007, durante a Primavera, de forma a
identificar espécies que estabelecessem simbiose com arbustos da familia
Cistaceae. Os espécimes foram secos e conservados em herbario. Na regidao de
Castelo Branco foram identificadas as espécies Terfezia arenaria, Terfezia
leptoderma, Tuber asa, Choiromyces gangliformis e Tuber oligospermum. No
Alentejo foram detectadas Terfezia arenaria,Terfezia leptoderma, Tuber asa e
Choiromyces gangliformis enquanto que no Ribatejo apenas estava presente a
espécie Terfezia arenaria.

A associacao micorrizica de T. arenaria com a herbacea anual Xolantha
guttata foi ainda estudada tendo sido observadas ectomicorrizas tipicas e
algumas ectomicorrizas sem manto. A fertilidade, o pH e o calcio activo do solo
em dareas com produc¢do natural foram analisados com o objectivo de criar bases
para o futuro estabelecimento de novas areas produtivas.

Este trabalho foi financiado pelo programa AGRO 8.1, projecto 449 “Criacao
de areas de trufas, terfézias e cogumelos comestiveis nas regides interiores do
Pais”.

Hypogenous fungi associated with shrubs in midland of Portugal. In midland
of Portugal picking wild desert truffles during spring is a traditional activity for
local people although it still prevail the unawareness of its role in ecosystem as a
natural resource of dry areas. Natural productive areas were observed during
2004-2007 springtime for collection of hypogenous fungi suspected to establish
symbiosis with shrubs from Cistaceae. Specimens were dried and conserved in
herbarium. In Castelo Branco region species such Terfezia arenaria, Terfezia
leptoderma, Tuber asa, Choiromyces gangliformis and Tuber oligospermum were
identified. In Alentejo region Terfezia arenaria, Terfezia leptoderma, Tuber asa and
Choiromyces gangliformis were detected and in Ribatejo region only Terfezia
arenaria was present.

The mycorrhizal association of T. arenaria with the annual shrub Xolantha
guttata was also studied with typical ectomycorrhiza and some ectomycorrhiza
without sheath detected. Fertility, pH and active calcium from soil samples
collected from natural productive areas were analysed aiming the creation of
basis for further establishment of new productive areas.

This work was supported by programme AGRO 8.1, project 449 “Establishment of
mushroom and toadstool new areas in midland of Portugal”.
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Catalogo de bacterias PGPRs asociadas a plantas de arroz.

Megias, M., Del Castillo, 1.7, Ojeda, J.', Megias, E.', Manyani, H.!, Montes, F.2,
Ollero, F.J.3, Cubo, M.T.3, Guasch, B.3, Espuny, M.R.3,, Bellogin, R.3, Ramos, B.?,
Lucas, J.A.%, y Gutierrez-Manero, F.J.#

" Departamento de Microbiologia y Parasitologia, Facultad de Farmacia, Universidad
de Sevilla, Espana, 2Federacion de Arroceros de Sevilla, Espana, 3Departamento de
Microbiologia, Facultad de Biologia, Universidad de Sevilla, Espafia. *Departamento
de Ciencias Ambientales y Recursos Naturales, Facultad de Farmacia, Universidad San
Pablo-CEU, Espana.* megiasg@us.es

Las marismas del Guadalquivir son un lugar idéneo para el cultivo de arroz, dada
las caracteristicas edaficas y las condiciones de humedal que presentan, aunque
tienen el inconveniente de la alta salinidad de las aguas del rio por su cercania al
mar. Desde hace mas de 60 anos estas tierras estan dedicadas al cultivo exclusivo
de arroz y, en los ultimos 10 afos, se podria decir que ha sido una explotaciéon en
monocultivo de la variedad Puntal. Por este motivo es muy interesante realizar un
estudio de la diversidad de microorganismos que estan asociados a la rizosfera o
filosfera de la planta de arroz. Se eligieron cuatro zonas peculiares por sus
propiedades en la alta o baja incidencia de la enfermedad fungica (piriculariosis) y
al ser tierras sometidas a riegos con alta o baja concentraciéon de sal en el agua.
Los aislamientos se realizaron en medios de cultivo TSA. Se realizé la clasificacion
de los aislados en grupos parataxonémicos. EI nimero de microorganismos
aislados se determind por diluciones seriadas y recuento en placas de medio TSA
tras 24, 48 y 72 horas de incubaciéon a 20 °C. A unos 700 aislados se le
determinaron las caracteristicas PGPRs de interés para los cultivos de arroz:
produccion de AlA, degradacion de ACC, solubilizacién de fosfatos, produccion de
quitinasas y presencia de sideréforos. Los aislados fueron clasificados
molecularmente por técnicas moleculares y, a los 30 aislados mas interesantes, se
les secuencié el gen correspondiente al ARN16S. Los resultados indican una
distribucion de los microorganismos con caracteristicas PGPRs dirigidas a las
zonas de cultivos con mayor estrés bidtico y abidtico. AGL2006-13758-C05-01.

Catalog PGPRs bacteria associated with rice plants. Guadalquivir wetland is an
ideal place for growing rice, for their special characteristics of soil and salinity of
irrigation water for its proximity to the sea. For more than 60 years these lands are
dedicated to cultivating rice only. In the last 10 years, it has grown mainly rice
variety Puntal. The objective of this work is to study the diversity of
microorganisms that are associated with the rhizosphere or phyllosphere of the
rice plant. Four areas were chosen for the high or low incidence of fungal disease
and the high or low concentration of salt in the irrigation water. The number of
isolates was determined by serial dilutions and counting in medium TSA after
incubation of 24, 48 and 72 h at 20 ° C. A 700 isolates it studied the characteristics
PGPRs of interest for crop rice: IAA production, ACC degradation, phosphate
solubilization, chitinases production and presence of siderophores. The isolates
were characterized by molecular techniques. For the 30 most significant isolates
were isolated by PCR DNA 16S gene, and subsequently sequenced. The results
indicate a distribution of microorganisms with features PGPRs directed to the
areas of most crops biotic and abiotic stress.
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SII-18
Estudo de bactérias diazotroficas num solo contaminado
por arsénio.

Oliveira, A.*, Pampulha, M.E., Neto, M.M., e Almeida, A.C.
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Elevadas concentracbes de arsénio e metais pesados sao muitas vezes
encontrados nos solos de zonas industrializadas, o que constitui um sério risco
ecoldégico. No presente estudo comparou-se a tolerancia ao arsénio da populacao
diazotrofica presente em amostras de solo obtidas numa zona industrializada com
conhecidos problemas de poluicdo, nomeadamente por arsénio, com outras
amostras obtidas de um solo vizinho nao contaminado. Este grupo de bactérias
do solo demonstrou ser muito sensivel a contaminagao por arsénio, verificando-se
um decréscimo da ordem de 80% na populacdo diazotréfica no solo
contaminado. Contudo, estudos quantitativos da tolerancia destas bactérias a
concentragdes crescentes de arsénio apontaram para um comportamento
idéntico nos dois solos.

Foram obtidos 24 isolamentos de bactérias diazotréficas tolerantes a
elevadas concentragbes de arsénio, tendo-se procedido, posteriormente, a sua
identificacao por sequenciacao do 16SrDNA.

Study of diazotrophic bacteria in an arsenic contaminated soil. In
industrialized areas high concentrations of arsenic and heavy metals have been
often found in soils, establishing a serious ecological risk. In this study we
compared the arsenic tolerance of asymbiotic diazotrophic population in soil
samples obtained from an industrialized area with known pollution problems,
namely arsenic, versus a nearby non contaminated soil. This group of soil bacteria
was very sensitive to arsenic contamination undergoing a decrease in population
size of about 80% in the contaminated soil. However quantitative studies about
diazotrophic bacterial tolerance to increased arsenic concentrations indicates an
identical behaviour for both soils.

We also report the isolation of 24 strains of diazotrophic bacteria tolerant to
high concentrations of arsenic; these bacteria were further caracterized using
16SrDNA sequence analysis.
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Diversidad de hongos micorricicos asociados a especies
endémicas y/o amenazadas de Sierra Nevada.
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Las micorrizas arbusculares (MA) han jugado un papel clave en la evolucién de las
plantas sobre la Tierra y en el desarrollo de la estructura y diversidad de los
ecosistemas terrestres. La mayoria de las plantas dependen de las micorrizas para
sobrevivir, particularmente en ambientes fragiles y sometidos a estreses, como los
de Sierra Nevada. Sierra Nevada (SN) constituye un refugio excepcional para la
flora y uno de los enclaves con mayores niveles de biodiversidad de Europa.
Presenta 66 endemismos exclusivos, algunos de ellos en peligro de extincién. En
el contexto de los programas de conservacién de flora amenazada de SN se han
iniciado estudios que tienen como objetivo (i) determinar el estado micorricico de
especies concretas, todas ellas amenazadas y/o endémicas de SN, (ii) analizar la
diversidad de los hongos MA asociados y (iii) establecer un banco de
germoplasma de hongos micorricicos de SN. Los resultados obtenidos muestran
que la mayoria (75 %) de las especies seleccionadas son micorricicas. La densidad
de esporas de hongos MA es relativamente baja, excepto en algunas especies. La
diversidad de hongos es, en cambio, bastante elevada. Se han detectado unos 40
morfotipos distintos, pertenecientes a siete géneros. Mediante la utilizacién de
criterios morfolégicos y moleculares, algunos morfotipos se han caracterizado a
nivel de especie. Algunos otros no corresponden a ninguna especie descrita hasta
la fecha. Se discutira el significado de las MA en estos ecosistemas.

Diversity of mycorrhizal fungi associated with endangered and/or endemic
plants in Sierra Nevada. Arbuscular mycorrhizas (AM) have played a key role in
plant evolution on Earth as well as on the development of the structure and
diversity of terrestrial ecosystems. Most plants depend on mycorrhizas to thrive,
particularly in fragile and stressed environments, as those in Sierra Nevada
(Granada, Spain). Sierra Nevada (SN) constitutes an exceptional refuge for the flora
and one of the enclaves with higher biodiversity levels of the European continent.
It presents 66 exclusive endemisms, some of them in serious extinction danger. In
the context of the research programmes aimed at the conservation of species
from the threatened flora of SN, a research project was initiated aimed at (i)
determining the mycorrhizal status of selected species, belonging all of them to
the endangered and/or endemic flora of SN, (ii) analysing the diversity of the
mycorrhizal fungi associated to the selected species and (iii) to establish a
mycorrhizal fungi germplasm bank. The results obtained shows that most (75%) of
the selected species are mycorrhizal. The AM spore density in the rhizosphere of
the selected plants was relatively low, except in certain cases. However, the
diversity of AM fungi was quite high. About 40 different morphotypes were
detected, belonging to seven genera. By using morphological and molecular
criteria some of these isolates have been identified at the species level. Some
others do not correspond to any of the species described up to now. The role of
AM in these ecosystems will be discussed.
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Tolerancia a salinidade e eficiéncia de nodulacao em
Rhizobium leguminosarum isolado de solos Portugueses
com diferentes condi¢c6es ambientais.

Pereira, S.', Lima, A.1, Corticeiro, S.7, Castro, R.", e Figueira, E."*
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A salinidade constitui um factor de diminuicao da produtividade agricola, e com as
previsdes de alteragdes climaticas que estdo a ser anunciadas para as proximas
décadas, como o aquecimento global ou reducao localizada da pluviosidade, a
salinidade dos solos pode aumentar e os seus efeitos agravarem-se. O género
Rhizobium tem grande interesse cientifico, econémico e ecoldgico devido a
capacidade de formar nédulos nas raizes de leguminosas com capacidade para fixar
N.. A salinidade afecta nao sé o rhizébio em vida livre mas também diminui
consideravelmente o processo de nodulacdo e a fixacdo simbidtica de N.. A
seleccao de parceiros tolerantes, capazes de tolerar condigcdes salinas, podera ser de
grande utilidade para melhorar a fixacao de N; e a produtividade de solos afectados
pela salinidade. Neste trabalho foi isolado Rhizobium de varios locais em Portugal
com diferentes condicdes ambientais, determinada a tolerancia salina dos isolados
em YEM suplementado com diferentes concentracées de NaCl e avaliada a
eficiéncia de fixagcdo de N, dos diferentes isolados em simbiose com Pisum sativum
sob condi¢bes controlo e de salinidade moderada (90 mM NaCl). Os resultados
mostram que: a tolerancia salina dos isolados reflecte as condi¢bes dos seus
habitats; na auséncia de NaCl a maioria das estirpes tolerantes foi capaz de
estabelecer uma simbiose eficiente, mas mais importante algumas destas estirpes
evidenciaram capacidade de fixar N2 sob salinidade. Tendo presentes as alteracdes
climaticas anunciadas, estes resultados poderdao ser relevantes, num futuro
proximo, como meio de manter as presentes areas de cultivo de leguminosas sem
recurso massivo a adubos azotados de origem quimica que causam efeitos
ambientais graves.

Salt tolerance and nodulation efficiency of Rhizobium leguminosarum isolated
from Portuguese soils with different environmental conditions. Salinity is a
major environmental constraint of crop production, and with the climate changes
that are being announced for the next decades, like global warming or local
reduction of rainfall, this problem will be amplified, and salinity effects will
aggravate. The genus Rhizobium is of considerable scientific, economical and
ecological interest because of their ability to form nitrogen-fixing nodules on
leguminous hosts. Salinity not only affects free-living rhizobia but also considerably
restrains the nodulation process and the symbiotic nitrogen fixation. The selection
of tolerant partners, which can withstand the negative impact of saline soils, can be
of great use to improve nitrogen fixation and productivity in salt-affected soils. In
this work Rhizobium was isolated from several locations in Portugal with different
environmental conditions. Rhizobium isolates were screened for their tolerance to
salinity as free-living organisms and for their efficiency to fix N> under control and
salt conditions in symbiosis with a legume. Results show that salt tolerance was a
reflex of the conditions experienced in their natural habitats. A few tolerant strains
were able to efficiently nodulate Pisum sativum plants, in the absence of salt, and
more importantly in the presence of moderate levels of sodium chloride (90 mM),
which, due to the announced climate changes, could be important in a near future
to maintain the present areas of legume cultivation.
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Estudio de biodiversidad microbiana en suelos de arrozal
en las Marismas del Guadalquivir.
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La zona arrocera de las Marismas del Guadalquivir es la region en la que se cultiva
arroz con mayores producciones a nivel mundial, alcanzdndose las 11.000 Kg/Ha.
Debido a su localizacién colindante con el Parque Nacional de Donana, las
practicas agricolas empleadas, tienden a ser cada vez mas respetuosas con el
medio ambiente, disminuyendo el uso de fertilizantes y pesticidas y desarrollando
técnicas que permitan la conservaciéon de los suelos. Es sabido que las
comunidades microbiolégicas del suelo participan en la movilizacion de
nutrientes poniéndolos a disposicidon de las plantas. Por tanto, y englobado en un
proyecto con empresas andaluzas para la optimizacion del uso de agroquimicos
en esta region, nuestro grupo esta realizando en paralelo andlisis de comunidades
y actividades microbianas relacionadas con el cultivo, tomando muestras
obtenidas en distintos puntos de la marisma y pertenecientes a explotaciones
agrarias con distintas condiciones ambientales y de fertilizacién. Para ello, hemos
utilizado la técnica PCR-DGGE, que nos permite elaborar un perfil de la diversidad
microbiana del suelo de los arrozales. AGL2006-13758-C05-01.

Study of Microbial Biodiversity in paddy soils in the Marshes of the
Guadalquivir. The rice area of the Guadalquivir's marshes are region where rice is
grown with higher production worldwide, reaching 11,000 kg / Ha. Due to its
location adjacent to the Donana National Park, agricultural practices employed,
they tend to become more respectful with the environment, reducing the use of
fertilizers and pesticides and developing techniques to the conservation of soils.
The soil microbiological communities are involved in the mobilization of nutrients
and made them available to plants. In this context, to optimize the use of
agrochemicals in this region, we are studying the assimilation of nutrients by the
plant. In addition, our group is analyzing microbial communities and activities
related cultivation, taking samples collected at various points of the wetlands and
farms belonging to different environmental conditions and fertilization. The PCR-
DGGE technique has been used in this work, which allows us to develop a profile
of the microbial diversity of soil in rice fields.
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Influencia de los sulfonatos de alquilbenceno lineales
(LAS) sobre la biodiversidad microbiana de un suelo
agricola.

Sanchez-Peinado, M.M.', Martinez-Toledo, M.V.'2, Gonzdlez-Lépez, J.1:2,
Pozo, C."2, y Rodelas, B.1-?*
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El LAS es el surfactante de mayor uso a escala mundial para la fabricacion de
detergentes y productos de limpieza domésticos, con un consumo estimado en
Espana de 5 g por habitante al dia. Su biodegradaciéon es completa en condiciones
aerdbicas, y las plantas de tratamiento de agua residual basadas en el sistema de
fangos activos eliminan >99% del LAS disponible en el medio acuoso. Sin
embargo, hasta un 25% del LAS queda inmovilizado en los lodos de depuradora
por adsorcién a la materia orgdnica, y debido al empleo de estos lodos como
fertilizantes agricolas, una fracciéon importante de LAS alcanza el suelo. Los
estudios de impacto ambiental establecen que el LAS no afecta significativamente
a la mayoria de las funciones microbianas del suelo. Sin embargo, son escasos los
trabajos especificamente dirigidos a determinar su influencia sobre la
composicion de las comunidades de bacterias. En este estudio, se emplean
microcosmos edaficos, adicionados de dos concentraciones distintas de LAS, con
el fin de evaluar su efecto sobre la composicidon de distintos grupos de bacterias
del suelo, mediante técnicas independientes de cultivo (PCR-TGGE).

Influence of linear alkylbenzene sulphonates (LAS) on the microbial diversity
of an agricultural soil. LAS is the most used anionic surfactant in household
laundry and dishwashing detergents, as well as multipurpose cleaning products.
The average consume of LAS per individual in Spain is estimated 5 grams/day. LAS
is readily biodegradable under aerobic conditions, and wastewater treatment
plants based in the convetional activated sludge technology remove over 99% of
LAS from aqueous media. However, an important fraction of LAS (up to 25%) is
retained in sewage sluge, due to its sorption to organic matter. The common
practice of applying sewage sludge as fertilizers is the main way by which LAS
reaches agricultural soil. Environmental risk assesment studies conclude that LAS
does not significantly affect most of the microbial functions in soil. Nevertheless,
studies specifically aimed to evaluate its influence on the composition of the
bacterial communities are scarce. In this study, soil microcosmos were set up and
amended with LAS at two different concentrations, and the effect of the
surfactant on the composition of relevant bacterial groups in soil was monitored
by a cultivation-independent approach (PCR-TGGE).

Agradecimientos: Esta investigacion ha sido financiada por el Ministerio de
Educacion y Ciencia, mediante el Programa Ramén y Cajal (Belén Rodelas) vy el
Proyecto PPQ2003-07978-C02-02.
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Identificacion de factores implicados en la colonizacién de
la rizosfera por Pseudomonas.

Martin, M.”, y Rivilla, R.
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La utilizacion de diversas técnicas tales como mutagénesis dirigida o al azar,
analisis de expresion génica, transcriptomica y técnicas de microscopia para
visualizar la rizosfera; ha permitido poder analizar algunos de los mecanismos
importantes en una colonizacion eficaz de la rizosfera por parte de las
Pseudomonas.

Asi, se ha demostrado que los factores implicados en el metabolismo de
compuestos aromaticos, en el mantenimiento de la integridad de la membrana,
en la respuesta de adaptacidon a estrés, en el movimiento y quimiotaxis y la
reorganizacion del genoma son necesarios para el mantenimiento de una
colonizaciéon competitiva.

El andlisis en profundidad de cada uno de estos mecanismos y la
colonizacion permitira una mejora en las aplicaciones biotecnoldgicas de las
rizobacterias en sistemas integrados planta-microorganismos.

Identification of genes and traits relevant for rhizosphere colonization by
Pseudomonas. The use of various techniques such as site-directed or random
mutagenesis, gene expression analysis, transcriptdmic and microscopy
techniques to visualize the rhizosphere; has allowed to discover some important
mechanisms implicated in an efficient rhizosphere colonization by Pseudomonas.

Thus, it has been shown that the factors involved in the metabolism of
aromatic compounds, in maintaining the integrity of the membrane, in the
adaptive response to stress, in motility and quimiotdxis and reorganization of the
genome are required for the maintenance of competitive rhizosphere
colonization.

The in-depth analysis of each of these mechanisms and colonization will
improve the biotechnological applications of plant associated rhizobacteria.
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Papel simbiodtico de los polisacaridos superficiales
rizobianos.
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Ademds de los factores de nodulaciéon y de las proteinas Nops, diversos
polisacaridos superficiales rizobianos (PSR) participan en la interaccién simbidtica
que los rizobios establecen con las leguminosas: los glucanos ciclicos (GC,
localizados principalmente en el espacio periplasmico), los lipopolisacaridos (LPS,
constituyentes de la hemimembrana externa de la membrana externa), los
polisacaridos capsulares tipo antigeno K (KPS, anclados en la membrana externa)
y los exopolisacaridos (EPS, son los PSR mds externos y presentan una unién débil
o inexistente con la bacteria). El papel exacto de los PSR en el proceso de
nodulacién aun no ha sido claramente dilucidado. Los mutantes rizobianos
afectados en la produccién de algun PSR suelen ser capaces de inducir las
respuestas tempranas en la planta, incluyendo el inicio de la organogénesis
nodular, lo que indica que los polisacaridos superficiales bacterianos desempefan
su papel en etapas mas avanzadas del proceso de nodulaciéon tales como la
infeccién o la invasion de las células vegetales del nédulo. La informacion
existente apunta a dos funciones principales de los PSR en la simbiosis: proteger a
la bacteria de las respuestas defensivas de la planta y/o actuar como sefales
durante el proceso de nodulacion. En esta comunicaciéon se detallara el
conocimiento actual acerca del papel simbiético de los PSR de Sinorhizobium
fredii.

Symbiotic role of rhizobial surface polysaccharides. In rhizobia, in addition to
Nod factors and Nops proteins, diverse rhizobial surface polysaccharides (RSP)
participate in the symbiotic interaction of these bacteria with legumes: cyclic
glucans (CG, mainly located in the periplasmic space), lipopolysaccharides (LPS,
constituting the outer leaflet of the outer membrane), K-antigen capsular
polysaccharides (KPS, anchored to the outer membrane), and exopolysaccharides
(EPS, external polysaccharides with little or no association to the cell). The exact
role of bacterial RSP in the nodulation process remains to be well understood.
Generally, rhizobial mutants affected in the production of a particular RSP are able
to elicit the early responses of the host plant such as root hair curling and nodule
organogenesis initiation. Because of this, RSP are though to be involved in later
steps of the nodulation process, such as root infection or invasion of the host
plant cells. The existing data point out two main roles for RSP in the nodulation
process: they could protect the bacteria against the host defence responses
and/or might act as signals molecules necessary to carry out the infection and
invasion of host tissues. The current knowledge about the symbiotic role of
Sinorhizobium fredii RSP will be presented.

Financiado por el Ministerio de Educacion y Ciencia (BIO2005-08691-C02-02)



I Congresso Luso-Espanhol de Fixagéo de Azoto-XIl Reunido Nacional de Fixagdo de Azoto: Sessdo il 61

SHi-1
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La movilidad es uno de los caracteres mas importantes para la colonizacion de la
rizosfera por P. fluorescens, siendo los mutantes con movilidad restringida muy
malos competidores. Ademas la rizosfera selecciona variantes fenotipicos
hipermoviles mas competitivos que la estirpe original.

Muchos autores definen a la ocupacién por parte de las bacterias del
rizoplano como un biofilm, definido como agrupaciéon de bacterias altamente
estructurada y sostenida por una matriz producida por la propia bacteria. ;Son
biofilms en sentido estricto las agrupaciones de bacterias en la rizosfera? Trabajos
recientes contraponen un estilo de vida plancténico caracterizado por la
movilidad con un estilo de vida sésil en forma de biofilm, estando regulada la
transicion entre ambos estados por los niveles de diGMP ciclico, a su vez
controlados por las actividades diguanilato ciclasa (proteinas con dominios
GGDEF) y fosfodiesterasa (proteinas con dominios EAL). Mutantes incapaces de
formar biofilms, presentan niveles bajos de diGMPc y mayor movilidad que la
estirpe silvestre. Hemos observado que tanto mutantes hipermoéviles como
variantes de fase hipermoéviles de P. fluorescens F113 tienen muy reducida su
capacidad formadora de biopeliculas. Sin embargo, desplazan a la estirpe silvestre
en andlisis de competitividad. Por tanto, pensamos que la colonizacién
competitiva de la rizosfera no depende de la capacidad formadora de biofilms.

Is biofilm formation a requirement for rhizosphere colonization? Motility is
one of the most important traits for rhizosphere colonization by P. fluorescens,
being mutants with reduced motility very poor competitors. Furthermore,
rhizosphere selects hypermotile phenotypic variants which displace the wt strain
in competitive analysis.

On the other hand, the aggregation of bacteria on the root surface is
usually termed biofilm. A biofilm is defined as an aggregation of bacteria highly
organized that is supported by a matrix produced by the bacteria. Are biofilm
sensu stricto the aggregations of bacteria on the rhizosphere during colonization?
Recent reports oppose a planktonic lifestyle characterized by motility to a sessile
lifestyle in the form of biofilm. The transition between both lifestyles is regulated
by the levels of cyclic di-guanilate (di-GMPc), and these levels are controlled by
diguanilate cyclases (proteins with a GGDEF domain) and phosphodiesterases
(proteins with EAL domain). In this sense, mutants unable to form biofilms show
reduced levels of diGMPc and increased motility. To test the hypothesis of biofilm
formation being necessary for rhizosphere colonization, we have used the
hypermotile mutants and hypermotile variants and they were severely impaired in
biofilm formation, however they displace the wt strain in competitive analysis.
Therefore, biofilm formation is not necessary for rhizosphere colonization.
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En el presente trabajo se realizaron aislamientos de bacterias solubilizadoras de
fosfato a partir de muestras de suelo de la rizosfera de Lotus tenuis (Latitud 35° 30'
S. Longitud 58° 30' O). Para la seleccién se utilizé el medio de crecimiento NBRIP
(Nautiyal C. S.; 1999).

Se utilizé la técnica BOX-PCR para identificar los aislamientos y seleccionar
los no redundantes. La capacidad de los mismos de liberar fosfato se evalué a
través de su cinética de solubilizacion y se determiné la evolucién del pH del
medio con el objeto de establecer una correlacién entre estos dos parametros.
Posteriormente se seleccionaron dos aislamientos que mostraron una mayor
actividad y se realizaron ensayos de inoculacion in vitro de L. tenuis en medio
Evans semisélido (Evans C.G.T.; 1970). Para simular las condiciones de estrés de los
suelos se reemplazé la fuente de fosfato por Caz(POa); y se vario la relacion P/N, asi
como el pH del medio.

Las variables analizadas en los ensayos in vitro permitieron observar
diferencias estadisticamente significativas en el crecimiento de L. tenuis inoculado
con bacterias solubilizadoras con respecto a plantas no inoculadas. Esto permitio
inferir que las bacterias estudiadas podrian contribuir a mejorar el desarrollo de L.
tenuis en suelos con déficits de fosforo, particularmente en etapas criticas como la
implantacién.

Characterization of phosphate solubilizing bacteria isolated from rizosphere
of Lotus tenuis. In this study, phosphate solubilizing bacteria were isolated from
soil samples of the rizosphere of Lotus tenuis (Latitude 35° 30' S. Longitude 58° 30'
W). NBRIP culture medium was used for the selection (Nautiyal C. S.; 1999).

The molecular identification of the isolates was performed by the BOX-PCR
technique. In order to characterize them and establish a correlation between
parameters, kinetic of phosphate solubilization and pH evolution were evaluated.

Two isolates that showed the highest phosphate solubilization activity
were selected and inoculated onto L. tenuis plants in vitro in semisolid Evans
medium (Evans C.G.T.; 1970). Soil stress conditions were simulated replacing
phosphate source with Caz(POa); and varying P/N rate, as well as pH.

Inoculation with phosphate solubilizing bacteria significantly enhanced
growth of L. tenuis plants, as compared with non-inoculated controls. This
suggests that these bacteria would improve L. tenuis development in critical
stages like implantation.
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La rizodeposicion de las plantas es la principal fuente de carbono y energia en la
rizosfera y es responsable del rapido movimiento, alta diversidad y abundancia de
microorganismos en la rizosfera. La rizodeposicion se compone de exudados
solubles en agua (p.ej. azucares, aminoacidos, acidos orgdanicos), secreciones
(polisacdridos, proteinas), mucilagos (compuestos organicos mas complejos
originados en las células de las raices o procedentes de la degradacion
bacteriana), mucigel (capa gelatinosa compuesta por una mezcla de mucilagos y
particulas del suelo) y lisatos (p. ej. restos de paredes celulares).

En este trabajo se propone un método para la determinacion cualitativa de
las rizodeposiciones procedentes de los exudados de raices de plantas (judia y
arroz). En dicho andlisis se determina la composicién de acidos organicos,
aminoacidos, monosacaridos, flavonoides y terpenos mediante cromatografia de
gases y espectrometria de masas (GC-MS) y cromatografia liquida de alta
resolucidon y espectrometria de masas en tandem (HPLC-MS/MS).

Identification of metabolites in plant root exudates by GC-MS and HPLC-
MS/MS. Rhizodeposition of plants is the main carbon and energy source in the
rhizosphere and is responsible for fast turnover, high diversity, and abundance of
microorganisms in the rhizosphere. Rhizodeposition is classified into water-
soluble exudates (e.g. sugars, amino acids, organic acids), secretions (polymeric
carbohydrates, proteins), plant mucilages (more complex organic compounds
originated in root cells or from bacterial degradation), mucigel (a gelatinous layer
composed of mucilages and soil particles intermixed), and lysates (e.g. remains of
cell walls).

In this work we describe a method for the qualitative determination of
rhizodeposition arising from roots exudates of plants. In this analysis, the
composition of organic acids, amino acids, monosaccharides, flavonoids and
terpenes is determined by gas chromatography-mass spectrometry (GC-MS) and
high resolution liquid chromatography-tandem mass spectrometry (HPLC-MS).
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Los glucanos ciclicos (GC) son uno de los principales componentes de la superficie
rizobiana. En Rhizobium y Sinorhizobium, su biosintesis depende de NdvB,
proteina que interviene en los procesos de iniciacion, elongacion y cierre de estas
moléculas ciclicas. En este trabajo se ha aislado el gen ndvB de Sinorhizobium fredii
HH103, cuya mutacién produce la ausencia de GC en esta estirpe. Los resultados
obtenidos indican que los GC de esta bacteria son esenciales en sus interacciones
con leguminosas tanto formadoras de nédulos determinados (soja y Vigna
unguiculata) como formadoras de nédulos indeterminados (Glycyrrhiza uralensis).
En todos los casos los mutantes sélo indujeron la formacién de pseudondédulos,
con excepcion de Vigna donde no se observd ninguna respuesta macroscopica a
la inoculacion. Esta ausencia de respuestas tempranas sugeria que los mutantes
ndvB podrian estar afectados en los primeros pasos del didlogo molecular con esta
leguminosa. Sin embargo, los experimentos realizados muestran que los mutantes
ndvB de HH103 son capaces de inducir sus genes de nodulacién en respuesta a
flavonoides y que producen y secretan factores de nodulaciéon. Por otro lado, los
mutantes ndvB muestran una mayor produccion de exopolisacarido (EPS) que la
estirpe silvestre, que se correlaciona con una mayor expresién del gen exoA. Este
resultado sugiere una interconexion entre las vias de sintesis del EPS y de los GC.

Symbiotic role of Sinorhizobium fredii HH103 cyclic glucans. Cyclic glucans
(CG) are main components of the rhizobial surface. In Sinorhizobium and
Rhizobium, the different steps of CG biosynthesis (initiation, elongation and
cyclation) rely on the activity of NdvB. In this work we present the characterisation
of the Sinorhizobium fredii HH103 ndvB gene, whose inactivation leads to the lack
of CG. Symbiotic studies showed that HH103 CG are absolutely required for
nodulation on the different host plants tested (including determinate-, such as
soybean and Vigna unguiculata, and indeterminate nodule forming, such as
Glycyrrhiza uralensis, legumes). Following inoculation with the ndvB mutants,
soybean and G. uralensis plants formed ineffective pseudonodules, whereas Vigna
unguiculata (cowpea) roots did not develop macroscopic nodule (or
pseudonodule) structures. The absence of visible root outgrowths in cowpea
plants inoculated with the ndvB mutants prompted us to investigate whether they
were affected in the initial signal interchange with the host plant. Our results show
that the nod genes of ndvB mutants are induced by flavonoids or cowpea root
exudates and that these mutants produce and secrete Nod factors. In addition, the
HH103 ndvB mutants produced more exopolysaccharide (EPS) than the parental
strain (which is in agreement with its higher expression of the exoA gene)
suggesting that the EPS and CG biosynthetical pathways are somehow
interconnected.

Financiado por el Ministerio de Educacién y Ciencia (BIO2005-08691-C02-02)
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Las altas concentraciones de sal en los suelos conllevan grandes reducciones de la
produccién en una amplia variedad de cultivos en todo el mundo. Existen mas de
770.000 km2 a nivel mundial de tierras afectadas por la salinizacién, siendo el 20%
zonas de cultivo de regadio. El arroz es uno de los cereales primarios para la
alimentacion de gran parte de la poblaciéon global y, debido a los lugares donde
habitualmente se localizan los campos para su cultivo (marismas y deltas de rios),
se encuentran en muchos casos altamente perjudicados por la alta salinidad del
agua de riego y de los suelos. El estrés salino afecta a diversos aspectos del
metabolismo de las plantas y, como resultado, reduce su crecimiento y
produccion.

Algunos microorganismos promotores del crecimiento vegetal (PGPRs)
facilitan el desarrollo de las plantas por medio de multiples mecanismos; una de
estas acciones es la proteccion de los organismos vegetales frente a las
consecuencias perjudiciales de algunos estreses ambientales como la sequia, la
salinidad y los fitopatdégenos. En este estudio ensayamos sobre plantas de arroz
sometidas a estrés salino el efecto osmoprotector de un solo microorganismos
(Chryseobacterium balustinum, Aur9) cuya capacidad de proteccion para las
plantas en condiciones salinas ha sido demostrada en otros cultivos, frente a la
utilizacion de una asociacion de microorganismos tolerantes a altas
concentraciones salinas y con capacidades PGPR (Consorcio de la Sal) partiendo
de la premisa, ya demostrada por otros autores, de que la accién conjunta de
varias bacterias puede tener efectos sinérgicos que promuevan de forma mas
eficiente el crecimiento vegetal. AGL2006-13758-C05-01.

Study of application of bacterial consortia for salt stress control in rice. High
salinity in soils involves large reductions in the production of a wide variety of
cultures around the world. There are more than 770,000 km2 global land affected
by salinity, with 20% irrigated cultivation areas. The salt stress affects various
aspects of the metabolism of plants, reducing their growth and yield. Rice is one
of the primary grains to feed much of the global population, and because of the
places where paddy are usually localized, they are in many cases highly damaged
by high salinity of irrigation water and soil.

Some plant growth promoter rhizobacteria (PGPRs) facilitate the
development of the plants through multiple mechanisms; one of these actions is
to protect plants against the harmful consequences of some environmental
stresses such as drought, salinity and phytopathogens. In this study we test the
effect of a single osmoprotector microorganism (Chryseobacterium balustinum,
Aur9) in rice plants treated with salt stress. We also compare the effect of an
association of tolerant microorganisms at high salt concentrations and capabilities
PGPR (Salt Consortium) on the premise, as demonstrated by other authors, that
joint action of several bacteria may have synergistic effects that promote a more
efficient pla