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RESUMO
Juntamente com o aumento da populacdo mundial, vem a sua crescente demanda por

alimentos, exigindo que o setor agropecuario desenvolva técnicas de manejo que nao so
favorecam a produtividade, mas também que reduzam os custos e os impactos ambientais
oriundos da producdo. Grande parte da area de pastagem do Brasil encontra-se em algum
estado de degradacao, tornando-se incapaz de suprir a produtividade exigida pelos animais.
Nesse sentido, o uso de leguminosas forrageiras tem ganhado destaque como alternativa para
possibilitar uma dieta rica em proteinas aos animais e também para reduzir custos com
fertilizantes quimicos nitrogenados, os quais possuem potencial de poluir cursos d’agua e
contribuir para o efeito estufa. As leguminosas sdo capazes de estabelecer interagdes com
microrganismos do solo, denominados diazotroficos, os quais podem ser de vida livre,
associativos ou simbioticos, e possuem a capacidade de reduzir a amonia (NH3) e o nitrogénio
atmosférico (N2) e fornecer esse nutriente as plantas por um processo denominado fixacao
biologica de nitrogénio (FBN). Esses microrganismos ainda sdo capazes de promover o
crescimento vegetal por meio de varios processos, como a producao de hormodnios de
crescimento. O sinergismo entre bactérias simbioticas e associativas tem sido estudado por
meio de técnicas de coinoculagdo, em leguminosas, visando a aumentar a producdo das
culturas. Os objetivos desse trabalho foram, portanto, avaliar a diversidade de rizdbios
encontrados em pastagem com Brachiaria decumbens utilizando como plantas iscas
amendoim forrageiro, feijao caupi, crotaldria e tremoco; e autenticar e avaliar a eficacia da
FBN dos isolados bacterianos e os efeitos da coinoculacdo com Azospirillum brasilense
(AbV-5) em leguminosas. A pesquisa foi conduzida no Laboratério de Microbiologia e
Bioquimica do Solo e no Setor Experimental da Universidade José do Rosario Vellano
(UNIFENAS). Foram utilizadas amostras de solo de quatro areas distintas dos municipios de
Alfenas e Trés Pontas (MG). A diversidade de bactérias diazotréficas foi avaliada por meio da
caracterizacdo morfologica das colonias bacterianas isoladas de nodulos de plantas iscas,
sendo estimada pelo indice de Shannon, sendo possivel observar que o amendoim forrageiro
foi a leguminosa que apresentou maiores valores de diversidade para todas as areas avaliadas.
Para avaliagdo de autenticacdo, eficiéncia simbiotica e efeitos da coinoculagdo, foram
utilizados dados de matéria seca da parte aérea (MSPA), matéria seca da raiz (MSR), nimero
de nddulos (NN), matéria seca de ndédulos (MSN) e eficiéncia simbidtica relativa (EFR).
Nessas analises, destacaram-se, para o tremog¢o, o isolado UNIFENAS 06-03, e para a
crotalaria, o isolado UNIFENAS 05-21, os quais apresentaram maiores valores de MSPA,

MSR e EFR.



Palavras chave: Eficiéncia simbidtica, fixacdo bioldgica de nitrogénio, leguminosas

forrageiras



ABSTRACT

Along with the increase in the world's population is its growing demand for food, requiring
that the agricultural sector develop management techniques that not only favor productivity
but also reduce costs and environmental impacts from production. Much of Brazil's pasture
area is in a state of degradation, being unable to supply the productivity required by the
animals. Therefore, the use of forage legumes has gained prominence as an alternative to
allow a diet rich in proteins to animals, and to reduce costs with nitrogen fertilizers, which are
mostly imported and have the potential to pollute water courses and contribute to the
greenhouse effect. The legumes can establish interactions with soil microorganisms, called
diazotrophic, which can be free living, associative, or symbiotic, that have the capacity to
reduce atmospheric nitrogen (N3) to ammonia (NH3) and to provide this nutrient to the plants
by a process called biological nitrogen fixation (BNF). These microorganisms are also
capable of promoting plant growth through various processes, such as the production of
growth hormones. The synergism between symbiotic and associative bacteria has been
studied, through coinoculation techniques, to increase crop production. The objectives of this
study were to evaluate the diversity of diazotrophic bacteria found in pasture soil cultivated
under Brachiaria decumbens, to authenticate and evaluate the efficiency of BNF in bacterial
isolates in lupine and crotalaria, and to analyze the effects of the coinoculation with the strain
Azospirillum brasilense (AbV-5) in these two legume species. The research was conducted in
the Laboratory of Soil Microbiology and Biochemistry and in the Experimental Sector of the
José do Rosario Vellano University (UNIFENAS). Soil samples from four distinct areas were
collected in the cities of Alfenas and Trés Pontas (MG). The diversity of diazotrophic bacteria
was evaluated by means of the morphological characterization of bacterial colonies isolated
from nodules of bait plants, being estimated by the Shannon index, where it was possible to
observe that forage peanut was the legume that showed the highest diversity values for all
areas evaluated. The dry matter of the shoot (DMS), dry matter of the root (DMR), number of
nodules (NN), nodule dry matter (DMN) and symbiotic efficiency (EFR) were used for
evaluation of symbiotic efficiency and effects of coinoculation. In those analysis the isolate
UNIFENAS 06-03 and UNIFENAS 05-21 showed better results for lupine and crotalaria,
respectively, which presented higher values of MSPA, MSR and EFR.

Key words: Biological nitrogen fixation; Forage legumes; Symbiotic efficiency.
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1 INTRODUCAO

O aumento da popula¢ao mundial e sua crescente demanda por alimentos exerceram
fortes pressdes sobre o desenvolvimento do setor agropecudrio. Aliada a necessidade de
aumentar a produtividade, encontra-se uma maior preocupag¢do em relacdo a producdo e
desenvolvimento sustentavel, exigindo a adocdo de sistemas integrados para manejo de
nutrientes no solo.

O sistema de pastagem no Brasil ¢ caracterizado pelo modelo extensivo, sendo assim,
¢ comum que, ao longo dos anos essas areas sejam degradadas e tenham perdas excessivas em
sua produtividade. Segundo Macedo et al. (2014), estima-se que mais de 50% da area de
pastagem no Brasil encontra-se em algum estado de degradacdo, impossibilitando sua
recuperagdo natural incapacitando a sustentagdo da produtividade exigida pelos animais
(CARVALHO et al., 2017).

Existem diversos métodos para a recuperagdo de pastagens degradadas, como o uso de
fertilizantes quimicos que contém nutrientes essenciais para a melhoria da qualidade do solo e
o incremento do crescimento vegetal, que sdao caracterizados como técnicas diretas de
recuperagdo (CARVALHO et al., 2017), mas que podem se tornar inviaveis do ponto de vista
econdmico e ambiental. Dessa maneira, o uso de leguminosas forrageiras apresenta-se como
alternativa para sistemas agricolas e pecuarios, sendo também difundido pelos seus beneficios
na recuperacao de areas degradadas (NOGUEIRA et al, 2012), entre eles, a producao de
serapilheira com baixa relacdo C/N, ocasionando uma maior ciclagem de nutrientes.

Com o intuito de minimizar os impactos ambientais causados pelos fertilizantes
quimicos, grupos de microrganismos estdo sendo estudados devido a sua capacidade de
promover o crescimento das plantas e aumentar a disponibilidade de nitrogénio no solo por
meio da fixagdo bioldgica de nitrogénio. Ledgard (2001) destaca que a sustentabilidade de
sistemas de baixa utilizacdo de insumos, a longo prazo, estd ameagada se ndo houver a
introdugdo de leguminosas.

Estudos relacionados a diversidade de rizobios em leguminosas forrageiras ainda sao
incipientes, apesar de apresentarem aplicagdes agricolas importantes tanto em termos de
manejo cultural, quanto da obtengdo de estirpes mais adaptadas aos diferentes tipos de solos
(STRALIOTTO, 2006).

O caso de maior sucesso da FBN no Brasil ¢ a simbiose de Bradyrhizobium japonicum
com a soja, a qual dispensa totalmente a adubagao nitrogenada, uma vez que, em condi¢des

normais de cultivo, a FBN ¢ capaz de suprir as necessidades de N da cultura (HUNGRIA et



14

al., 2000). No entanto, com outras leguminosas importantes ainda ndo foi possivel suprir
totalmente a demanda por nitrogénio, ainda que haja a redug¢do de doses aplicadas de
fertilizantes quimicos (NOVALIS et al., 2007).

Dessa forma, uma técnica alternativa, denominada coinocula¢do, com bactérias
simbioticas e associativas tem sido estudada em leguminosas, a fim de produzir um efeito
sinérgico, superando resultados produtivos obtidos quando esses organismos sao utilizados de
forma isolada (BARBARO et al., 2008).

O Tremoco (Lupinus albus) e a Crotalaria (Crotalaria spectabilis) sao leguminosas
capazes de estabelecer simbiose com as bactérias fixadoras de nitrogénio, sendo estudadas
como alternativa de adubagdo verde, com o intuito de contribuir para a melhoria das
caracteristicas quimicas, fisicas e biologicas do solo, elevando sua capacidade produtiva
(REDIN et al., 2016).

Devido a grande importancia das leguminosas para a economia do pais, torna-se
fundamental o estudo das bactérias fixadoras de nitrogénio e promotoras de crescimento de
plantas e o seu papel para o aumento da producao de graos e forrageiras. Os objetivos desse
trabalho foram, portanto, avaliar a diversidade de rizobios encontrados em pastagem com
Brachiaria decumbens, utilizando, como plantas iscas, o amendoim forrageiro, feijao caupi,
crotaldria e tremocgo; autenticar e avaliar a eficadcia da FBN dos isolados bacterianos e os

efeitos da coinoculagao com Azospirillum brasilense (AbV-5) em leguminosas.
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2 REFERENCIAL TEORICO

2.1 Fixacao Biologica de Nitrogénio (FBN) em leguminosas forrageiras

A fixagdo biologica de nitrogénio (FBN) ¢ a conversdo do N atmosférico em formas
assimilaveis pelos organismos vivos, sendo considerado o segundo processo bioldgico mais
importante do planeta, depois da fotossintese (MOREIRA; SIQUEIRA, 2006).

A FBN ¢ realizada por meio de um complexo enzimatico denominado nitrogenase,
presente apenas em alguns microrganismos, conhecidos como diazotroficos, que podem ser
de vida livre, estar associados a espécies vegetais ou estabelecer simbiose com leguminosas
(MOREIRA; SIQUEIRA, 2006). Na interagao simbiodtica com leguminosas, a bactéria ¢
denominada de rizdbio, apresentando capacidade de interagir com o sistema radicular da
planta hospedeira por meio do desenvolvimento de nodulos radiculares.

As bactérias diazotroficas associativas podem contribuir para o crescimento vegetal
nao so pelo fornecimento de nitrogénio, mas também por outros mecanismos como produ¢ao
de fitormoénios, solubilizacdo de fosfatos, antagonismo a fitopatdogeno, entre outros
(MOREIRA et al., 2010). Alguns fatores ambientais podem afetar a FBN, tais como: acidez
do solo, salinidade, deficiéncia/excesso de minerais e quantidade de N inorganico no solo
(BARCELLOS et al., 2008).

As leguminosas forrageiras, devido a sua capacidade de associagdo com bactérias
fixadoras de N e sua contribui¢do para a produg¢do animal, sdo de extrema importancia para
aumentar a produtividade e constituem uma alternativa sustentavel para sistemas agricolas e
pecuarios (BARCELLOS et al., 2008). Dentre as culturas com maior estoque de informagdes,
destacam-se os estilosantes (Stylosanthes spp.), o amendoim forrageiro (Arachis pintoi), o
feijao guandu (Cajanus cajan) e a leucena (Leucaena spp.), por serem os mais cultivados e/ou
mais promissores (BARCELLOS et al., 2008).

A insercdo de leguminosas no sistema de monocultivo de gramineas pode ser
considerada como um dos caminhos para reduzir o problema global de disponibilidade
limitada de nitrogénio, nao apenas diminuindo o processo de degradagdo de pastagens, mas
também aumentando o sequestro de carbono da atmosfera (TARRE ez al., 2001).

A eficiéncia da fixagdo bioldgica de nitrogénio esta relacionada a estirpe da bactéria e
a leguminosa (FERNANDES; RODRIGUES, 2012). A simbiose das leguminosas com
bactérias do solo ja ¢ bem caracterizada e pode ser maximizada através da inoculagdo com

estirpes mais eficientes (ALVES et al,, 2000). O uso de inoculantes especificos auxilia na
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reducdo de custos da produgdo, tornando menor o consumo de fertilizantes quimicos
(FERNANDES; RODRIGUES, 2012).

Um estudo realizado por Perin et al. (2004) indicou que a crotalaria apresentou maior
producdo de fitomassa quando comparada a vegetacao espontanea, além de ter apresentado
um acumulo de 4,5 kg/ha/dia de nitrogénio. Desse total de N acumulado, 57% foram
derivados da fixagdo bioldgica de nitrogénio. Segundo esses autores, a FBN no plantio da
crotalaria € responsavel pela incorporacao de 89 a 173 kg/ha de nitrogénio.

Alves et al. (2000) avaliaram a rotagdo soja/trigo/soja/tremogo/milho/aveia, e os
resultados de balango de nitrogénio indicaram que a contribuicdo do N derivado da FBN para
o tremogo poderia compensar as perdas de N provocadas pelas demais culturas. Nesse estudo
ainda foi apresentado que a cultura do tremogo chegou a acumular uma média de 230 kg/ha

de nitrogénio, dos quais metade foi transferida pelo sistema, apds decomposicao.

2.2 Diversidade de rizobios em leguminosas

A biodiversidade do solo ¢ responsavel pela estabilidade e resiliéncia do ecossistema,
estando relacionada a processos de formacdo do solo, ciclagem e armazenamento de
nutrientes (SANTOS et al., 2007). Estudos de biodiversidade sdo importantes para a
realizagdo de avaliacdes precisas e recomendagdes, tornando-se necessario o conhecimento
das espécies presentes, sua amplitude geografica, propriedades bioldgicas e possivel
vulnerabilidade a mudangas ambientais (WILSON, 1997).

A caracterizagdo fenotipica rizobial contribui para o conhecimento da sua diversidade
e utilizacdo posterior em sistemas agricolas (FREITAS CHAGAS JUNIOR et al, 2010),
favorecendo o manejo e a conservacao das pastagens (FLORENTINO et al, 2014). A
caracterizacdo microbiana vem sendo realizada por meio de técnicas moleculares.
Atualmente, busca-se uma taxonomia polifasica e as caracteristicas culturais fazem parte dos
caracteres utilizados para essa classificacdo (CHAGAS JUNIOR et al., 2010).

Na avaliacao da biodiversidade do rizobio, as técnicas de DNA recombinante siao
ferramentas importantes, especialmente as técnicas baseadas em PCR, relativamente de baixo
custo e de facil manuseio (FELICE; ALSHINAWTI, 1996). Segundo Moreira et al. (2010), os
avangos na biologia molecular proporcionaram uma melhor distingdo entre géneros, sendo
eles:  Allorhizobium,  Rhizobium,  Sinorhizobium, Mesorhizobium,  Bradhyrizobium,
Azorhizobium, Cupriavidus e Burkholderia. O estudo da diversidade das bactérias com base

em caracteristicas culturais envolve a avaliagdo de diversos pardmetros, como o tempo de
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formagao de colonias individuais em meio de cultura, o didmetro das coldnias, a forma, a cor,
a producdo de acido e alcali e a de muco, entre outros (SANTOS et al., 2007).

Os géneros mais estudados sdo: Rhizobium e Bradyrhizobium (JORDAN, 1984),
Sinorhizobium/ Ensifer (CHEN et al., 1988; LAJUDIE et al., 1994), Azorhizobium
(DREYFUS et al., 1988; MOREIRA et al., 2006), Mesorhizobium (JARVIS et al., 1997) ¢
Allorhizobium (LAJUDIE et al., 1998). Esses géneros, de acordo com Garrity et al., (2001),
encontram-se distribuidos em quatro familias distintas. A familia Rhizobiaceae engloba trés
géneros: Rhizobium, Allorhizobium e Sinorhizobium/Ensifer. Os demais géneros estdo
incluidos em trés familias distintas:  Phyllobacteriaceae, Bradyrhizobiaceae e
Hyphomicrobiaceae, que, respectivamente, englobam os géneros Mesorhizobium,
Bradyrhizobium e Azorhizobium. O género Burkholderia, do grupo B-Proteobacteria, ¢
considerado por Compant et al. (2008) como o grupo de bactérias com maior diversidade e
adaptabilidade ambiental entre os que realizam simbiose com plantas. O género Cupriavidus
também ¢ reconhecido por apresentar um elevado potencial biotecnologico (FLORENTINO
et al., 2012), destacando-se duas espécies com capacidade comprovada de estabelecer
simbiose com leguminosas: C. taiwanensis (CHEN et al., 2001) e C. necator (SILVA et al.,
2012).

Os géneros Rhizobium, Allorhizobium, Sinorhizobium/Ensifer e Azorhizobium podem
ser, de modo geral, considerados como rizobios de crescimento rapido; o género
Mesorhizobium como de crescimento intermedidrio; e os géneros Bradyrhizobium como de
crescimento lento a muito lento (STRALIOTTO, 2006).

O género Azorhizobium possui duas espécies descritas: A. caulinodans (DREYFUS et
al., 1988) e A. doebereinerac (MOREIRA et al., 2006), podendo ser distinguido dos demais
géneros que nodulam leguminosas em meio de cultura 79 com o indicador de pH azul de
bromotimol (YMA) (FRED; WAKSMAN, 1928; VINCENT, 1970), devido ao crescimento
rapido, alcalinizagcdo do meio e producdo escassa de goma. Ja a espécie 4. dobereinerae pode
ser distinguida de 4. caulinodans por nao formar nodulos caulinares em S. rostrata, além de
nao induzir nddulos eficientes nas suas raizes (FLORENTINO et al, 2009). A Tabela 1,
adaptada de Shamseldin et al. (2017), mostra classe, familia e género de rizobios descritos e

atualizados, capazes de nodular com leguminosas.



Tabela 1: Classe, familia e género de rizobios descritos e capazes de nodular com

leguminosas.
CLASSE FAMILIA GENERO
a-proteobacteria Rhizobiaceae Rhizobium
Sinorhizobium/Ensifer
Allorhizobium
Shinella
Pararhizobium
a-proteobacteria Phylobacteriaceae Mesorhizobium
Phyllobacterium
Aminobacter
a-proteobacteria Hyphomicrobiaceae Devosia
Azorhizobium
a-proteobacteria Bradyrhizobiaceae Bradyrhizobium
Blastobacter
Photorhizobium
a-proteobacteria Methylbacteriaceae Methylobacterium
Microvirga
a-proteobacteria Brucellaceae Ochrobacterium
B-proteobacteria Burkholderiales Burkholderia
Cupriavidus

Fonte: Adaptado de Shamseldin et al. (2017).

A Tabela 2 indica as cepas autorizadas (SEMIA) para a producdo de inoculantes no

Brasil para leguminosas forrageiras.

Tabela 2 - Cepas autorizadas (SEMIA) para producao de inoculantes para leguminosas
forrageiras no Brasil de acordo com a Instru¢ao Normativa DAS n° 13 de 24 de marco de

2011.
CULTURA NOME ~ -
LEGUMINOSA COMUM SEMIA GENERO/ESPECIE
116 Sinorhizobium melioti
Medicago sativa Alfafa 134 Sinorhizobium melioti
135 Sinorhizobium melioti
Cajanus cajan Feijao-Guandu 6156 Bradyrhizobium sp.
6461 Bradyrhizobium sp.
Vigna unguiculata Feijao caupi gjgg g;zg :ZZZZZZ i§
6464 Bradyrhizobium sp.
Crotalaria spectabilis Crotalaria gigg Blﬁgﬁ%’;ﬁ;ﬁi%”&;ﬁ ;m.
Lupinus sp Tremogo 928 Bradyrhizobium sp.
) 938 Bradyrhizobium elkanii
Arachis pintoi Amendoim 6439 Bradyrhizobium japonicum
Forrageiro 6440 Bradyrhizobium sp.

Fonte: Adaptado Brasil (2011)
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Os principios basicos para a selecdo de estirpes com propdsito de inoculacdo em
leguminosas tém sido objeto de diversos estudos (ZAMAN-ALLAH et al., 2007). A maioria
das espécies de diazotroficos ¢ de vida livre, ocorrendo em todos os tipos de solo, na rizosfera
e filosfera das plantas (MOREIRA; SIQUEIRA, 2002). No entanto, para leguminosas
forrageiras, esses estudos ainda sdo incipientes, de forma que ainda ndo foi possivel suprir

totalmente a demanda por nitrogénio dessas culturas (NOVALIS et al., 2007).

2.3 Coinoculacio de rizobios com Azospirillum

As bactérias do género Azospirillum, fixadoras de N, promovem o crescimento da
planta por diversos mecanismos, como a fixagao de nitrogénio e a produgao de hormonios de
plantas, aumentando a permeabilidade da raiz e melhorando a absor¢@o de minerais em geral,
além de aumentar a resisténcia a condigdes adversas como seca, salinidade e compostos
toxicos (BASHAN; BASHAN, 2005).

A técnica de coinoculacdo consiste na utilizagdo de combinag¢des de microrganismos,
produzindo um efeito sinérgico que supera a produtividade obtida quando sdo utilizados de
forma isolada (BARBARO et al., 2008). Para o cultivo da soja no Brasil, esse método vem
sendo aplicado nos inoculantes com a combinacdo de diferentes estirpes do género
Bradyrhizobium (BIZARRO, 2008).

O desenvolvimento de cultivares mais produtivas, associado as mudangas climaticas,
estd exigindo praticas agrondmicas mais produtivas e sustentaveis (HUNGRIA et al., 2015).
Bactérias promotoras de crescimento de plantas (BPCP) sdo extremamente benéficas para a
agricultura, sendo as do género Azospirillum as mais utilizadas, porém pouco se sabe da sua
interacdo com rizobios quando ambos sao aplicados as sementes de leguminosas (HUNGRIA
et al., 2015).

Dada a importancia da cultura da soja para a economia brasileira e a preocupagdo com
futuras limitagdes da FBN, bem como os beneficios da inoculagdao de bactérias do género
Azospirillum, a coinoculacao pode melhorar o desempenho das culturas, em uma abordagem
que respeita as demandas atuais de sustentabilidade agricola, econdmica, social e ambiental
(HUNGRIA et al., 2015).

Produtos a base de Azospirillum brasilense t€ém sido utilizados para coinoculagao de
soja, juntamente com Bradyrhizobium, tanto na Argentina como na Africa do Sul (REIS,

2007). De modo geral, ocorre a potencializagdo da nodulagdo e um maior crescimento
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radicular, em resposta a interagdo positiva entre as bactérias simbioticas (FERLINI, 2006). O
mesmo autor cita que, nos casos onde se tem utilizado A. brasilense, o efeito benéfico da
associacdo se deve, em maior parte, a capacidade que a bactéria tem de produzir fito-
hormonios de crescimento vegetal.

Diversos estudos vém sendo conduzidos com o intuito de avaliar os efeitos da
coinoculagdo, principalmente no cultivo da soja. Barbaro et al. (2009) ndo verificaram
incremento na produ¢do da soja por meio da coinoculagdo, porém Hungria et al. (2015)
observaram que a coinoculagdo de bactérias do género Azospirillum e Bradyrhizobium
aumentou a produc¢do da soja, sem que houvesse a necessidade de utilizagdo de fertilizantes
quimicos nitrogenados. O mesmo foi observado por Baccini et al. (2016), sendo que a
inoculagdo via tratamento de sementes e a utilizacdo da associacao de Bradyrhizobium
Jjaponicum com Azospirillum brasilense proporcionou incrementos nos caracteres fisiologicos,
promovendo acréscimos no rendimento de graos da soja.

Dardanelli et al. (2008), estudando coinoculacdo em feijdo com Azospirillum
brasilense e Rhizobium tropici sob estresse salino em hidroponia, observaram o efeito
positivo da coinoculagdo ao nivel do desenvolvimento radicular, fixagdo de nitrogénio,
producdo de mais sinais flavonoides e alivio dos efeitos negativos causados por NaCl. Além
disso, os resultados sugerem que Azospirillum permite uma exsuda¢do mais longa e
persistente dos flavonoides das raizes de feijao.

A inoculacdo mista de Azospirillum com Rhizobium incrementa a estimulacdo e a
funcdo dos nddulos, numero total e peso dos nddulos, diferenciacdo das células epidérmicas
nos pelos radiculares, produtividade de grdos e area da superficie radicular (BASHAN;

BASHAN, 2005).

2.4 Tremoco (Lupinus albus)

O género Lupinus pertence a subfamilia Papilionoideae da familia Leguminosae,
apresentando entre 300 e 500 espécies distribuidas no continente americano e em algumas
regides da Africa e do Mediterraneo (CONTERATO, 2004). O tremogo é caracterizado por
ser uma oleaginosa muito utilizada na alimenta¢do de ruminantes devido ao seu elevado teor
proteico (CREMONEZ et al., 2013).

A espécie possui um sistema radicular pivotante e profundo, tonando-se ideal para

estratégias de recuperagao de solos (ROVEDDER, 2007). Cremonez et al. (2013) descrevem
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o tremogo como sendo eficiente para protecdo contra processos erosivos, sendo recomendado
em sistemas de manejo conservacionistas.

Uma das primeiras descri¢des feitas de uma bactéria isolada a partir de ndédulos de
uma espécie de Lupinus foi realizada por Eckhardt et al. (1930), trabalho em que foi relatada
a presenga de bactérias de crescimento lento. Para o cultivo de tremoco no Brasil, existem
duas estirpes de Bradyrhizobium sp. recomendadas pela Instru¢do Normativa SDA n° 13, de
24 de margo de 2011 (BRASIL, 2011), SEMIA 928 e 938, as quais podem ser obtidas na
colecao de cultura da EMBRAPA (BRASIL, 2011).

Um estudo realizado por Génard et al. (2016) mostrou que o tremogo possui uma
elevada capacidade de transferéncia de nitrogénio para outras culturas, sendo a fixagdo
biologica de nitrogénio responsavel pela inclusao de altos niveis do mesmo no sistema de
cultivo.

O tremogo consegue aumentar a absor¢do de fosforo (P) em solos com deficiéncia
desse nutriente por meio da formagdo de “cluster roots” (WANG et al., 2018). Sendo assim,
o Lupinus albus, além de formar associagdao simbidtica com bactérias fixadoras de nitrogénio,
melhora a absor¢do de P em solos pobres (LAMBERS et al., 2013), disponibilizando esses

nutrientes para a planta e melhorando a sua taxa fotossintética (WANG et al., 2018).

2.5 Crotalaria (Crotalaria spectabilis)

Leguminosas tropicais como a Crotalaria spectabilis tém ampla utilizacdo na
agricultura como adubo verde, cobertura morta, fixagdo de nitrogénio, controle de nematdides
e reciclagem de nutrientes (SILVEIRA e RAVA, 2004).

Essa espécie pode ser usada em consorcio com cultivos perenes ou anuais, elevando a
fertilidade do solo, destacando-se na regido de Cerrado por seu ciclo relativamente curto, que
possibilita semeadura anterior a da cultura principal (Borges Teodoro ef al., 2011).

C. spectabilis ¢ uma leguminosa que pode ser encontrada em plantagcdes como milho,
soja e sorgo. Além do uso como adubos verdes, a espécie possui potencial para o controle de
nematoides (Nogueira et al., 2015). Debiasi ef al. (2016), observaram que o uso de Crotalaria
spectabilis na entressafra contribuiu para o aumento na produtividade da soja, uma vez que
foi responsavel pela redugdo da populacio e dos danos causados por Pratylenchus
brachyurus.

A presenga de monocrotalina torna a semente dessa espécie toxica para os animais,

ocasionando, principalmente, graves danos ao figado. Em estudo realizado por Souza et al.



22

(1997) foi indicado que, independente da proporcao utilizada, as ragcdes contendo sementes de
Crotalaria foram tdéxicas para os suinos.

Para o cultivo de Crotalaria spectabilis no Brasil, existem duas estirpes recomendadas
pela Instru¢ao Normativa DAS n° 13, de 24 de marco de 2011 (BRASIL, 2011), SEMIA 6156
(Bradyrhizobium sp.) e 6158 (Bradyrhizobium elkanii), as quais podem ser obtidas na cole¢ao
de cultura da EMBRAPA. No entanto ainda sdo poucos os estudos relacionados a diversidade

de rizdbios capazes de nodular essa espécie.
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ABSTRACT - As farming techniques evolve, there is also a need to develop new
management practices that increase production by reducing costs and environmental
impacts. The objective of this work was to evaluate the diversity of rhizobia found on
pasture with Brachiaria decumbens using as bait plants the forage peanut (Arachis
pintoi), cowpea (Vigna unguiculata), crotalaria (Crotalaria spectabilis) and lupine
(Lupinus albus), authenticate and evaluate the biological nitrogen fixation efficiency
(BNF) of bacterial isolates and the effects of co-inoculation with Azospirillum
brasilense (Ab-V5) on legumes. Shannon index (H’) was used to evaluate diversity.
Parameters of dry matter of the shoot (DMS), dry matter of the root (DMR), number of
nodules (NN), nodule dry matter (DMN) and relative symbiotic efficiency (RSE) were
used for the analysis of efficiency. A total of 197 isolates were obtained, 29 isolates of
C. spectabilis, 30 isolates of L. albus, 96 isolates of A. pintoi and 42 isolates of V.
unguiculata. A. pintoi was the legume that captured the highest diversity of isolated,

given by the highest value of H'. Isolates 05-21 and 06-03 provided higher values of
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DMS, DMR and RSE when inoculated in C. spectabilis and L. albus, respectively.

These same isolates were prominent when co-inoculated with the Ab-VS5 strain.

INDEX TERMS: Forage legumes; Nitrogen fixation; Symbiotic efficiency.

RESUMO - A medida que as técnicas agropecudrias evoluem, ha também uma
necessidade de desenvolver novas praticas de manejo que aumentem a produtividade,
reduzindo custos e impactos ambientais. Os objetivos desse trabalho foram avaliar a
diversidade de rizdbios encontrados em pastagem com Brachiaria decumbens utilizando
como plantas iscas o amendoim forrageiro (Arachis pintoi), feijao caupi (Vigna
unguiculata), crotalaria (Crotalaria spectabilis) e tremoco (Lupinus albus), autenticar e
avaliar a eficiéncia da fixagdo bioldgica de nitrogénio (FBN) dos isolados bacterianos e
os efeitos da coinoculacdo com Azospirillum brasilense (Ab-V5) em leguminosas. A
diversidade de rizobios foi estimada pelo indice de Shannon (H’), nos testes de
autenticacao, eficiéncia simbidtica e dos efeitos da coinoculacdao, foram avaliados os
parametros de matéria seca da parte aérea (MSPA), matéria seca da raiz (MSR), nimero
de nodulos (NN), matéria seca de nodulos (MSN) e eficiéncia simbidtica relativa (EFR).
Foram obtidos 197 isolados, sendo 29 isolados da C. spectabilis, 30 isolados de L.
albus, 96 isolados de A. pintoi e 42 isolados de V. unguiculata Em relagdo a
diversidade, o A. pintoi foi a leguminosa que capturou maior diversidade de isolados,
dado pelo maior valor de H’. Os isolados 05-21 e 06-03, proporcionaram maiores
valores de MSPA, MSR e EFR, quando inoculados em C. spectabilis ¢ L. albus,
respectivamente. Esses mesmos isolados se destacaram quando coinoculadas com a
estirpe Ab-V5.

TERMOS PARA INDEXACAO: Eficiéncia simbidtica, fixagdo biologica de

nitrogénio, leguminosas forrageiras
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INTRODUCTION

Characterized by an extensive model, it is estimated that 50% of the pasture area in
Brazil is in some state of degradation Macedo et al. (2014), becoming incapable of sustaining
animal productivity. There’s a need to develop management techniques that lead to a
reduction of costs and environmental impacts in order to increase production.

The recovery of these areas requires restoration of soil fertility, plant growth and forage
production, according to Hungria et al. (2016), microbial inoculants can assist in these
processes. The legumes can establish symbiotic interactions with nitrogen-fixing bacteria
(N2), also known as rhizobia, which are able to partially or totally supply the nitrogen
demanded by plants, contributing to the sustainable management of the soil Moreira and
Siqueira (20006).

Studies on the diversity of rhizobia in forage legumes are still incipient, requiring the
selection of bacterial strains efficient to fix N> and adapted to the different edaphoclimatic
conditions Straliotto (2006), although presenting important agricultural applications. N»-
fixing bacteria can also be associated to different plant species, associative diazotrophic
bacteria, providing nitrogen and performing other functions, such as the production of
phytohormones, as indole 3-acetic acid (IAA) Moreira et al. (2010).

Co-inoculation techniques have been studied to evaluate the synergism between
symbiotic and associative bacteria. According to Hungria et al. (2015), the associative
bacteria of the genus Azospirillum are the most used as plant growth promoters. Inoculation
with Azospirillum may represent a key component for degraded pasture recovery programs,
providing a greater accumulation of N in biomass, and assisting in carbon sequestration

Hungria et al. (2016).
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The objective of this work was to evaluate the diversity of rhizobia found on pasture
with Brachiaria decumbens using as bait plants the forage peanut (Arachis pintoi), cowpea
(Vigna unguiculata), crotalaria (Crotalaria spectabilis) and lupine (Lupinus albus),
authenticate and evaluate the biological nitrogen fixation efficiency (BNF) of bacterial

isolates and the effects of co-inoculation with Azospirillum brasilense (Ab-V5) on legumes.

MATERIAL AND METHODS

Description of the area

Soil samples from pasture areas cultivated under Brachiaria decumbens were collected
from two cities in the south of Minas Gerais, Alfenas and Trés Pontas. They were collected at
a depth of 0-20 cm, following the methodology of Florentino et al. (2009). The chemical
analyzes of the samples were carried out in the Soil Fertility Laboratory of the José¢ do
Rosario Vellano University (UNIFENAS), following to the EMBRAPA methodology (1997)
and the characteristics of the soils sampled are described in table 1.

Table 1: Results of the chemical analysis from the soil samples.

ALFENAS TRES PONTAS

Samples Alfenas 1 Alfenas 2 Trés Pontas 1  Trés Pontas 2
pH (H20) 5,6 6,2 53 4,6
P (mg dm™) 1,3 2,1 1,1 0,3
K (mg dm™) 70 93 118 48
Ca*" (cmolc dm™) 3,1 2,7 1,6 0,8
Mg?" (cmolc dm™) 1,3 1,2 0,9 0,7
AI** (cmolc dm™) 0 0 0,5 1,6
H+Al (cmolc dm™) 2.8 3,1 7,2 47

SB (cmolc dm™) 4.6 4,1 2.8 1,62
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t (cmolc dm™) 4,6 4,1 33 3,2

T (cmolc dm™) 7.4 7,2 10,1 6,32
V (%) 62,2 57 27,7 25,63
m (%) 0 0 15,2 50

MO (dag kg™') 32 44 35 25

The following experiments were conducted: capture of rhizobia by different bait plants
(4. pintoi, C. spectabilis, V. unguiculata and L. albus); morphological characterization and
authentication of bacterial isolates, the efficiency of isolates in fixing N> and evaluation of the
effects of co-inoculation with Azospirillum brasilense (Ab-V5), provided by EMPRAPA
soybean.

Isolation and morphological characterization of bacterial isolates

In order to capture the native rhizobia, 50 g of sterilized soil from each composite
sample were suspended in 50 mL of saline (0.55% NaCl) and shaken for 30 min at 50 rpm
and 1 mL of the suspension was inoculated in each plant, grown in 600 mL capacity recycled
dark glass bottles containing 500 mL of Jensen's nutrient solution (1942) at % strength. The
glass flasks were prepared according to Florentino and Moreira (2009) and during the
conduction of the test there was no solution replacement.

Before planting, the seeds of the bait plants were surface disinfested by immersion in
100% ethyl alcohol for 30 seconds and then in 2% sodium hypochlorite for 2 minutes,
followed by successive washes in sterilized distilled water. Then they were placed in sterile
plates containing moistened cotton and filter paper until the beginning of the germination,
where the teguments were removed and inserted in the glass jars, being cultivated for 30 days.

After this period, all nodules were selected for the isolation of rhizobia. Disinfestation

and isolation of the nodules were performed following the methodology of Vincent (1970),
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using 95% ethyl alcohol for 30 seconds, then placed in H,O> for 3 minutes and washed six
times with sterile distilled water, for maceration in culture medium 79 Fred and Waksman
(1928).

The colonies were purified and characterized morphologically in this same medium,
based on Martins et al. (1997), (3 days - fast growth, 4-7 days - intermediate growth, more
than 7 days - slow growth), alteration of the pH of the culture medium (acidic, neutral or
alkaline), size (0.5-2.5 mm - small, 2.5-4.0 mm - medium, greater than 4 mm - large), shape
(circular or irregular), elevation, surface, border and colony color, amount of
exopolysaccharides (low, medium or high), optic (opaque or translucent), consistency of the
exopolysaccharides (aqueous or gummy) and absorption of the indicator (bromothymol blue).

For the analysis of the diversity of the isolates of each legume species, the Shannon
Index was calculated based on the morphological characteristics Jesus et al. (2005), according
to the formula:

ni ni

H' = — % In—
N N

Where: H '= Shannon index; ni = number of different bacterial morphotypes i; N = total

number of bacterial isolates; In = logarithm on the natural basis.

Symbiotic efficiency and authentication of bactéria isolates

Two experiments draw on C. spectabilis e L. albus were used in order to authenticate
and analyse the symbiotic efficiency of nodule isolates of these two legumes. Plants were
cultivated in 600 mL capacity recycled dark glass bottles containing 500 mL of Jensen
nutriente solution (1942) at 4 force in both experiments. The glass bottles were prepared
according to Florentino and Moreira (2009) and along the trial there have been no solution

replacement.
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Before planting, C. spectabilis e L. albus seeds were disinfected according to the
previous experiment. The treatments consist of 12 C. spectabilis isolate nodules and L. albus
16 bacterial nodules inoculation. Both trials were led for 40 days in completely randomized
design (DIC), in four repetitions.

Each glass bottle received one germinated seed at the moment of planting and each seed
were inoculated in 1 mL of the seed strains 79 liquid-based cultivated containing
approximately 10° cells. Two control treatment were used in both experiments, one without
mineral and the other containing mineral nitrogen, were it was added 35 mg L' N-NH4 NOs.

After 40 days cultivation of both legumes, the following parameters were evaluated: dry
matter of the shoot (DMS (g)) and dry matter of the root (DMR (g)), nodule dry matter
(DMN), number of nodules (NN) and relative symbiotic efficiency (RSE). RSE were
calculated using the adapted formula of Bergensen et al. (1971)

RSE% DMS inoculated 100
= £ 3
0 DMS control

The results of the trials were submitted to variance analysis, with Sisvar statistical
analysis, version 5.3. Treatment averages were compared by the Scott-Knott test at 5%
probability.

Coinoculation of bacterial isolates with Azospirillum brasilense

To evaluate the synergism, efficient, intermediate and inefficient strains were
chosen from the experiment of authentication and symbiotic efficiency. For the C. spectabilis
isolates (05-03, 05-16, 05-25, 05-23, 05-01 e 05-21), the experiment was conducted in
randomized block design (RBD), factorial (8x2), six treatments with the isolates mentioned
above and 2 control treatments, with and without addition of mineral N, coinoculated or not
with the Ab-VS5 strain.

For the bacterial isolates with capacity to nodule L. albus (06-01, 06-21, 06-09,

06-03, 06-17 and 06-27), the experiment was conducted in RBD, factorial (8x2), six
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treatments with the isolates mentioned above and 2 control treatments, with and without
addition of mineral N, coinoculated or not with the Ab-V5 strain.

Both experiments were installed in a potting test containing 8 dm> of soil, the chemical
characterization Embrapa (2011) showed the following results: pH (H20) = 5.2; P = 10 mg
dm?3; K" = 119 mg dm™; Ca*" = 1.5 cmol. dm™; Mg* = 0.9 cmole dm™; AI** = 0.2 cmol. dm’
3; base sum (SB) = 2.6 cmol. dm™; CTC potential = 6.0 cmol. dm™; base saturation (V%) =
40.0; aluminium saturation (m%) = 10 e organic matter (M.O.) =22 g kg™

The liming was performed with dolomitic limestone according to the method of raising
the base saturation to 60%. The soil was moistened and incubated in black plastic bags in
order to increase the rate of limestone reaction. After 30 days, the macronutrients (phosphorus
and potassium) were added following the recommendation of Novais et al. (1991).

Ten days after fertilization, four seeds were sown per pot, 1 mL per seed of each strain
(Isolate + Ab-V5) was inoculated, in control treatments (with and without mineral N),
inoculation was performed only with 4. brasilense. The experimental design was RBD with
four replicates.

After germination, two plants were thinned and the other two plants were maintained
until the flowering season, when the following parameters were evaluated: dry matter of the
root (DMR), dry matter of the shoot (DMS), nodule number (NN), nodule dry matter (NDM)
and relative symbiotic efficiency (RSE).

In order to calculate the RSE, the DMS data of the mineral N treatment associated with
the Ab-V5 strain and the DMS of the treatments with each of the isolates were used, adapting
the formula of Bergensen et al. (1971), modified as indicated below. In the original formula,
the DMS data of the inoculant treatments are used. For this work, were used the DMS values

of the treatments with co-inoculation (isolate + Ab-V5) and of the control treatment.

RSE% MSPA coinoculated 100
= ES
0 MSPA control
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The DMR, DMS, NN, DMN and RSE data were submitted to analysis of
variance using the statistical analysis program Sisvar, version 5.3. Treatment averages were

compared by the Scott-Knott test at 5% probability.

RESULTS AND DISCUSSION

Isolation and morphological characterization of bacterial isolates

A total of 197 isolates were obtained from the nodules of the bait plants, 29 from C.
spectabilis, 30 isolates from L. albus, 96 isolates from A. pintoi and 42 isolates from V.
unguiculata.

For the parameters evaluated in the morphological characterization, the time of growth
and the alteration of the pH of the culture medium 79 were the ones that allowed a greater
distinction between the isolates. In general, most bacterial isolates showed fast growth. The
pH of the culture medium 79 was acidified by a large part of the C. spectabilis, A. pintoi and
V. unguiculata isolates, whereas for L. albus it was observed that most of the isolates

alkalized the medium (Figure 1).
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Figure 1: Morphological characteristics of the isolates of L. albus, C. spectabilis, V. unguiculata and A. pintoi based on the

time for colony formation and alteration of the pH of the medium (CR, Ac = fast growth, acid medium, CR, N = fast growth,
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neutral medium, CR, Al = Fast growth, alkaline medium, CI, Ac = Intermediate growth, acid medium CI, N = Intermediate
growth, neutral medium, CI, Al = Growth medium, alkalinized medium, CL, ¢ = Slow growth, acid medium, CL, N = Slow

growth, neutral medium, CL, Al = Slow growth, alkalinized medium).

In order to isolate rhizobia from nodules of different species of C. spectabilis Bratti et
al. (2005), and V. unguiculata Chagas Junior et al. (2010), also found a higher proportion of
bacteria with the ability to acidify the culture medium and with fast growth, similar results
were found on this study (Figure 1). The acidification may be due to the preferential use of
sugars by fast growing strains, followed by the excretion of organic acids Tan and Broughton
(1981).

Morphological diversity of the strains captured by the bait plants were evaluated using
the Shannon index (H’) (Table 2). This index is independent of sample size, so that a small
number of samples is required to obtain a safe index for comparison purposes Odum (1988).
A similar approach was used by Coutinho et al. (1999) and Jesus et al. (2005) in the study of
rhizobia communities.

Table 2: Diversity values of rhizobia calculated by the Shannon index (H ') for each type of

evaluated soil, using different bait plants.

Diversity Shannon index (H’)

Soil samples

Bait plants
Alfenas 1 Alfenas 2 Trés Pontas 1 Trés Pontas 2
A. pintoi 1.507 1.209 1.046 0.603
V. unguiculata 0.857 1.157 0.824 0.468
L. albus 1.020 1.134 0.680 0.407

C. spectabilis 0.930 1.161 0.813 0.464
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Based on the observed Shannon index data (H’) it is possible to note that 4. pintoi
presented the highest diversity values for all soil types. There are studies that A. pintoi is a
species that may nodulate with native strains, but symbiosis may be ineffective in tropical
soils, including cerrado soils Pinto et al. (1999). It is possible to note that in the few studies
carried out, no reports were found on the genetic diversity of native populations of rhizobia
nodulating A. pintoi under natural conditions, however it is a legume that has gained
prominence for feeding due to its higher nutritional potential and defoliation tolerance
Fernandes et al. (2013) Tamele et al. (2017).

The soil collected in the Trés Pontas 2 area was the one that obtained the lowest
diversity values, while the soil sampled in the Alfenas 2 area presented, in general, the highest
diversity indexes. It can be explained by the chemical characteristics of the soil (Table 1),
where the soil sample collected at Alfenas 2 presented higher values of pH, organic matter
and base saturation V (%), indicating greater availability of nutrients. Freitas Chagas Junior et
al. (2010) found that aluminum was the most limiting factor for bacterial growth, which may
justify a lower number of isolates and diversity in the soils of Trés Pontas.

According to Marchetti et al. (2017) and Raza et al. (2001), the acidity and toxicity of
aluminum are factors commonly associated with tropical soils, and may affect bacterial
growth and establishment of symbiosis, since in acidic environment a reduction in protein
synthesis occurs. Besides, some cytoplasmatic biochemical reactions of these organisms are
sensitive to acidity Aarons and Graham (1991, also affecting the root development of plants
Figueiredo et al. (2008).

Rufini et al. (2001) found that in common bean, the increase of pH of the soil favored
the symbiosis of nitrogen-fixing bacteria, since soil pH is one of the main limiting factors for
symbiosis. Zhang et al. (2006) observed a higher diversity of rhizobia in sites with higher

fertility, which had higher concentrations of organic carbon and nitrogen.
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Symbiotic efficiency and authentication of bacteria isolates

Tables 3 and 4 present the data analyzed for C. spectabilis and L. albus in the
evaluation of authentication and symbiotic efficiency.
Table 3: Nodule number per pot (NN), dry matter of nodules (DMN), dry matter of the shoot
(DMS) (mg.pot™!), dry matter of the root (DMR) (mg.pot™!), and relative symbiotic efficiency

(RSE) for Crotalaria spectabilis.

DMN DMR DMS RSE
TREATMENTS NN
(mg.pot’)  (mgpot’)  (mgpot’) (%)
Control with N 0.00d 0.00 ¢ 673.00 b 1771.66 a 100.00 a
mineral
Control without N 0.00d 0.00 ¢ 155.66 £ 650.00 d 36.77d
mineral
05-01 4.00 c 6.68 a 465.66 d 1330.66 b 75.27b
05-03 5.00a 522b 288.66 ¢ 44133 e 2497 ¢
05-04 0.00d 0.00d 376.33d 507.33 ¢ 28.59¢
05-09 3.00c 6.20b 542.33 ¢ 1102.00 ¢ 62.28 ¢
05-16 6.00 a 797 a 667.33 b 1155.66 ¢ 65.25¢
05-17 0.00d 0.00d 260.00 e 637.33 d 36.02d
05-21 4.00c 8.00 a 827.33 a 1473.33 b 83.01b
05-22 5.00a 5.89b 631.00b 989.33 ¢ 55.68 ¢
05-23 3.00c 832a 845.33 a 107333 ¢ 60.71 ¢
05-24 5.00a 4.75b 374.66 d 903.33 ¢ 51.01c
05-25 0.00d 0.00 ¢ 153.66 f 117.00 f 6.60 f

05-26 4.00 c 4.52b 58433 ¢ 741.00 d 41.90d
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Means followed by equal letters in the column do not differ statistically from one another by
the Scott-Knott test (5%).

Table 4: Nodule number per pot (NN), dry matter of nodules (DMN), dry matter of the shoot
(DMS) (mg.pot™!), dry matter of the root (DMR) (mg.pot™!), and relative symbiotic efficiency

(RSE) for Lupinus albus.

DMN DMR DMS RSE
TREATMENTS NN

(mg.pot™) (mg.pot™) (mgpor’) (%)

Control with N
0.00 e 0.00 e 930.00 a 1920.00a  100.00 a
mineral
Control without N
0.00 e 0.00 e 22333 e 693.33 f 36.38 f
mineral
06-01 0.00 ¢ 0.00 e 286.66 ¢ 700.00 £ 36.52 f
06-03 3.00b 6.29 a 780.00 b 1506.66 b 78.44 b
06-04 4.00 a 4.88Db 286.66 ¢ 860.00 e 4497 e
06-06 0.00 ¢ 0.00 e 783.33 b 1096.66 d 57.27d
06-09 4.00 a 6.36 a 400.00 d 909.33 ¢ 4735
06-11 4.00 a 331c 543.66 ¢ 637.66 £ 33.17f
06-12 0.00 ¢ 0.00 e 33433 ¢ 62533 f 3247 f
06-15 0.00 ¢ 0.00 e 172.00 £ 142.66 g 746 ¢g
06-17 4.00 a 5.10b 319.00 e 925.00 ¢ 48.35¢
06-19 4.00 a 6.20 a 280.33 ¢ 680.66 3579 f
06-21 0.00 ¢ 0.00 e 378.00d 926.66 ¢ 48.61 e
06-24 2.00d 240D 306.66 ¢ 750.00 £ 39.95f
06-25 3.00b 5.13d 316.66 ¢ 860.00 e 4498 ¢

06-27 3.00c 582a 430.00d 1343.33 ¢ 70.07 ¢
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06-29 0.00¢ 0.00¢ 259.66 ¢ 732.66 £ 3822 f

06-30 4.00 a 497b 326.66 ¢ 1036.66 d 54.33d

Means followed by equal letters in the column do not differ statistically from one another by
the Scott-Knott test (5%).

In the parameters that evaluate the nodulation data, it is observed that, for both
legumes, there was no nodule formation in the control treatments, indicating that there was no
contamination in the experiment.

For C. spectabilis, the strain 05-21 was highlighted in relation to the other treatments
with the presence of inoculation. When compared to the control treatment with N mineral the
strain 05-21showed a relative symbiotic efficiency (RSE) of 83%, presenting a high potential
on fixing and providing N to the plant, being more efficient than the control treatment without
N mineral. In relation to the production of DMR, the strain 05-21 was better than the control
treatment with N mineral.

For L. albus, the most prominent strain was 06-03, which presented 78% of symbiotic
efficiency when compared to treatment with mineral N, being superior to the control
treatment without mineral N, indicating the potential of this strain for supply nitrogen to the
plant. Regarding the parameters of DMR and DMS, the strain presented lower values only
when compared to the control treatment with mineral N.

Freitas et al. (2011) evaluated nitrogen nodulation and efficiency of caatinga forages,
also found that none of the nodulation parameters evaluated (NN and DMN) explained the
proportions of nitrogen fixed by the plants. Suggesting that NN is a variable that explains

little the symbiotic efficiency Freitas et al. (2011).
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The results showed that isolates that promoted a higher production of DMS wasn’t
necessary those with higher values of NN, that can indicate an inefficiency of great part of the
nodules.

As observed, the strain 05-21 isolated from C. spectabilis promoted a higher value of
DMR when compared to other treatments, including the control treatment with N mineral,
which can be associated with the production of indole 3-acetic acid (IAA) by the strain. This
phytohormone acts mainly on the formation of lateral roots and roots that increase the nutrient
uptake by the plant, contributing to the development of the aerial part Biswas et al. (2000).

The RSE obtained by the strains 05-21 and 06-03 shows their potential in acting as
substitute of nitrogen fertilizer, reaching up to 80% of the dry matter production of the aerial
part in relation to the control treatment with mineral N, and can be indicated as an alternative
to produce these legumes.

Coinoculation of bacterial isolates with Azospirillum brasilense

The coinoculation of the isolates with A. brasilense was evaluated using the parameters
NN, DMN, DMS, DMR and RSE, the results obtained are shown in Tables 5 and 6. It is
observed that for both legume species, interaction of isolates with 4. brasilense was positive,
that is, the parameters showed higher values when there was coinoculation.

For C. spectabilis, the strain 05-21 was highlighted, which when coinoculated,
presented superior results, in all parameters, to the control treatment with N mineral. This
strain, associated to A. brasilense, showed a symbiotic efficiency (RSE) of over 100%,
indicating the positive response to coinoculation and presenting potential for substitution of
mineral N, supplying the nutritional needs of the plant and promoting its growth.

For L. albus, the interaction was also positive, with higher values in the presence of
coinoculation. The best results were obtained by the strain 06-03, being only inferior to the

treatment with N mineral, in the parameters of DMR and DMS. The strain obtained an RSE of
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92% when compared to the control treatment with mineral N, indicating its potential to

guarantee the supply of nitrogen to the plants as well as its growth.
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Table 5: Observed values for the pot experiment in the absence (-) and presence (+) of co-inoculation with Azospirillum brasilense, for

Crotalaria spectabilis.

NN DMN (mg.pot™) DMS (mg.pot™!) DMR (mg.pot™) RSE (%)

COINO COINOC COINOC COINOC COINOC COINOC COINOC COINOC COINOC  COINOC

Ce) () ) (+) ) (+) ) (+) ) ()

*N(+) 0.00 Da 0.00 Da 0.00 Da 0.00 Fa 2.17 Ab 2.44 Ba 0.92 Bb 1.31 Ba 88.92 Ab  100.00 Ba
**N(-) 26.00 Ab 41.00 Aa 0.03 Ba 0.03 Da 1.08 Ca 1.24 Ea 0.67 Cb 0.95 Ca 44.48 Ca 50.93 Ea
05-03 6.00 Ca 8.00 Ca 0.02 Ca 0.02 Ea 0.31 Da 0.43 Fa 0.19 Ea 0.27 Ea 12.62 Da 17.68 Fa
05-25 10.00Cb  18.00 Ba 0.03 Bb 0.04 Da 1.24 Ca 1.20 Ea 0.22 Ea 0.24 Ea 50.75 Ca 49.29 Ea
05-23 18.00Ba  24.00 Ba 0.03 Ba 0.02 Ea 1.01 Ca 1.19 Ea 0.62 Cb 0.82 Da 45.12 Ca 49.05 Ea
05-16 19.00Bb  32.00 Ba 0.03 Bb 0.05 Ca 2.07 Aa 1.76 Db 0.52 Db 0.76 Da 8522 Aa  72.65Db
05-01 28.00 Aa  26.00 Ba 0.03 Bb 0.08 Aa 2.05 Aa 2.22 Ca 0.44 Db 1.32 Ba 84.29 Aa 91.18 Ca

05-21 35.00 Ab 55.00 Aa 0.05 Ab 0.06 Ba 1.84 Bb 2.84 Aa 1.32 Ab 1.79 Aa 75.71Bb  116.41 Aa

Means followed by equal letters, uppercase in the column and lowercase in the row, do not differ statistically from one another by the Scott-

Knott test (5%). *N(+): control with N mineral. **N(-): control without N mineral.
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Table 6: Observed values for the pot experiment in the absence (-) and presence (+) of co-inoculation with Azospirillum brasilense, for Lupinus

albus
NN DMN (mg.pot™) DMS (mg.pot™!) DMR (mg.pot™) RSE (%)
COINO COINOC COINOC COINOC COINOC COINOC COINOC COINOC  COINOC  COINOC
CE) (+) ) (+) () ) (+) ) (+) ()

*N(+) 0.00 Da 0.00 Ga 0.00 Ea 0.00 Da 2.13 Ab 2.74 Aa 1.30 Aa 1.39 Aa 78.31 Ab  100.00 Aa
**N(-) 29.00Ca 37.00 Fa 0.16 Da 0.23 Ca 0.26 Ea 0.39 Fa 0.74 Ca 0.85 Ca 9.56 Ea 14.27 Ea
06-01 25.00Cb  36.00 Fa 0.25 Ca 0.33 Ba 0.87 Da 0.88 Ea 0.83 Ca 0.85 Ca 32.14 Da 32.68 Da
06-21 63.00Ba  52.00 Ea 0.39 Ba 0.38 Ba 0.73 Da 0.86 Ea 0.42 Ea 0.48 Ea 26.78 Da 31.64 Da
06-09 64.00Ba 71.00 Da 0.37 Ba 0.39 Ba 1.27 Ca 1.36 Da 0.56 Da 0.67 Da 47.30 Ca 50.03 Ca
06-03 81.00 Aa  88.00 Ca 0.56 Aa 0.62 Aa 2.31 Aa 2.50 Ba 1.07 Ba 1.09 Ba 85.29 Aa 92.39 Aa
06-17 96.00 Aa 107.00 Ba 0.44 Ba 0.45 Ba 1.33Cb 1.66 Ca 0.71 Ca 0.83 Ca 48.88 Cb 61.69 Ba
06-27 96.00 Ab 128.00 Aa  0.51 Ab 0.64 Aa 1.57 Bb 1.89 Ca 0.67 Cb 0.81 Ca 57.79 Bb 69.71 Ba

Means followed by equal letters, uppercase in the column and lowercase in the row, do not differ statistically from one another by the Scott-

Knott test (5%). *N(+): control with N mineral. **N(-): control without N mineral.
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For NN and DMN, it was observed that in both legumes, the coinoculated treatments
were superior to those where the rhizobia acted in isolation. Cassan et al. (2009) corroborate
these results, reporting that the number of nodules and the percentage of nodulated plants
were higher in soybean plants coinoculated with B. japonicum and A. brasilense, attributing
these results to the excretion of metabolic products by A. brasilense. The same was observed
by Molla et al. (2001), where Azospirillum improved the initiation and development of
nodules in soybean plants by co-inoculation with Bradyrhizobium. In general, nodulation and
root growth are better in response to positive interaction between bacteria Ferlini (2006).

Cassan et al. (2009) verified that A. brasilense produces regulators of root growth
(AIA), justifying better responses in the coinoculated treatments, both for L. albus and C.
spectabilis. The results of DMS and DMR associated to coinoculation also show that the
beneficial effect of the association of the strains with Azospirillum brasilense is mainly due to
the capacity of the bacterium to produce growth phytohormone Barbaro et al. (2008).

According to Ferlini (2006) the combined inoculation of Bradyrhizobium japonicum
and Azospirillum brasilense in soybean increases the production, the same can be observed in
this work for L. albus and C. spectabilis, where some treatments where coinoculation was
present, DMS values and DMR were superior to the treatment with the presence of nitrogen
fertilizer, showing the potential of these bacteria in not only fixing nitrogen but also
stimulating plant production.

Corroborating with these results, Molla et al. (2001), in a laboratory experiment to
evaluate the potential of root growth improvement and nodulation in soybean coinoculated
with Azospirillum and Bradyrhizobium, observed that Azospirillum has the potential to
significantly stimulate root growth.

In general, the best results found in this study of coinoculation in legumes corroborate

with several studies that have been carried out in Brazil, especially with soybeans. The
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practice of coinoculation can be considered a key component for degraded pasture recovery
programs, representing a new technique to improve crop productivity and contributing to

sustainable practices in farming systems.

CONCLUSION

In relation to the diversity, 4. pintoi presented the highest diversity index of the
isolates, indicating the potential of the species as bait plant. For the analyzes of authentication
and coinoculation the treatments 06-03 and 05-21, for L. albus and C. spectabilis,
respectively, presented higher values of DMS, DMR and RSE, indicating a greater potential

to promote plant growth when coinoculated with Azospirillum brasilense.
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