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RESUMO GERAL

O acumulo de metais pesados como o cromo (Cr) é uma problematica para o
desenvolvimento da agricultura em areas contaminadas. No entanto processos
como 0 uso de microrganismos com capacidade de degradacdo de metais
tornam-se uma estratégia para biorremediar estes ambientes. Objetivou-se com
este estudo investigar o efeito de rizobacterias no acumulo de Cr e no
crescimento de plantas de milho em solos contaminados com esse metal e
avaliar a influéncia do Cr nas propriedades microbioldgicas do solo. O estudo foi
realizado na casa de vegetacdo da Universidade Federal do Piaui, em
delineamento inteiramente casualizado, sob esquema fatorial (6x2) sendo seis
isolados bacterianos e duas condi¢des de solo. O solo foi previamente coletado
em area com histérico de nove anos consecutivos de aplicacdo do lodo de
curtume compostado (LCC) e em solo de mata nativa sem historico de uso (sem
cromo). Submeteu-se as sementes de milho (Zea mays) AG1051 a inoculag&o
com rizobacterias obtidas de nédulos de feijao — fava (Phaseolus lunatus L.)
cultivado em ambiente contaminado por cromo, sendo selecionado um total de
5 isolados bacterianos que apresentaram melhor tolerancia ao cromo (LCC 04,
LCC 41, LCC 69, LCC 81) e um isolado referéncia na producdo de
exopolissacarideos (IPA  403) além de uma testemunha controle, sem
inoculacdo e com presenca de adubacé&o nitrogenada (Control), 60 dias apos a
semeadura as plantas foram coletadas e submetidas a avalia¢des, assim como
o solo, avaliou-se parametros fisiologicos e morfolégicos da planta como massa
seca da raiz e parte aérea (MSPa; MSR), relacdo MSPa/ MSR; clorofila total e
nitrogénio total (NTotal) além do fator de bioacumulacéo e translocacao de cromo
nas particdes (raiz e parte aérea), observou-se a respiragdo basal do solo e
carbono microbiano do solo além do coeficiente microbiano. As maiores medias
para MSPa foram observadas para o isolado LLC 41 e LCC 81 no solo sem
cromo, 0s maiores valores de MSR por sua vez foram observados para os
tratamentos LCC 41 e LCC 69 para o solo com Cr; Ja para os fatores de
acumulacéo IPA 403 apresentou menor acumulacdo de cromo Conclui-se que
rizobacterias favorecem a degradacéo do cromo em ambiente contaminado com
o elemento traco, ao passo que auxiliam na performance de crescimento das
plantas de milho.

Palavras Chave: Residuo organico; metais pesados; qualidade do solo;
exopolissacarideos; rizodegradacéo.



ABSTRACT

The accumulation of heavy metals such as chromium (Cr) is a problem for the
development of agriculture in contaminated areas. However, processes such as
the use of microorganisms capable of degrading metals become a strategy for
bioremediation of these environments. The objective of this study was to
investigate the effect of rhizobacteria on the accumulation of Cr and on the growth
of corn plants in soils contaminated with this metal and to evaluate the influence
of Cr on the microbiological properties of the soil. The study was carried out in
the greenhouse of the Federal University of Piaui, in a completely randomized
design, under a factorial scheme (6x2) with six bacterial isolates and two soil
conditions. The soil was previously collected in an area with a history of nine
consecutive years of application of composted tannery sludge (LCC) and in native
forest soil without a history of use (without chromium). Maize seeds (Zea mays)
AG1051 were subjected to inoculation with rhizobacteria obtained from nodules
of lima beans (Phaseolus lunatus L.) grown in a chromium-contaminated
environment, and a total of 5 bacterial isolates that showed better chromium
tolerance were selected. (LCC 04, LCC 41, LCC 69, LCC 81) and an isolated
reference in the production of exopolysaccharides (IPA 403) in addition to a
control control, without inoculation and with the presence of nitrogen fertilization
(Control), 60 days after sowing the plants were collected and submitted to
evaluations, as well as the soil, physiological and morphological parameters of
the plant were evaluated as dry mass of the root and aerial part (MSPa; MSR),
MSPa / MSR ratio; total chlorophyll and total nitrogen (NTotal), in addition to the
bioaccumulation factor and chromium translocation in the partitions (root and
aerial part), basal soil respiration and soil microbial carbon were observed in
addition to the microbial coefficient . The highest averages for MSPa were
observed for the LLC 41 and LCC 81 isolate in the soil without chromium, the
highest MSR values were observed for the treatments LCC 41 and LCC 69 for
the soil with Cr; As for the accumulation factors, IPA 403 showed less
accumulation of chromium. It can be concluded that rhizobacteria favor the
degradation of chromium in an environment contaminated with the trace element,
while helping the growth performance of corn plants.

Keywords: Organic waste; heavy metals; soil quality; exopolysaccharides;
rhizodegradation
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1 INTRODUGAO GERAL

Residuos agroindustriais sdo aqueles compostos por matéria prima
agricola com adi¢do durante o processamento industrial de outras substancias,
como ocorre na industria curtumeira (PIRES; MATIAZZO, 2008). O descarte
inapropriado de residuos industriais, proporcionado principalmente pelo acamulo
de metais pesados aumenta o potencial téxico ao longo da cadeia alimentar.
Com isso o emprego desses na agricultura tem se mostrado uma promissora

alternativa para a reducéo do impacto ambiental (ARAUJO et al., 2020).

A industria curtumeira em especial a responsavel pela producéo do couro
“West-blue” apresenta uma relevante contribuicdo na geracdo de residuo
poluente, este resultante dos processos de transformacdo da peca durante a
fase de curtimento (HOINACKI et al., 1994). O residuo denominado lodo de
curtume (LC), é caracterizado principalmente por possuir elevado teor de cromo
(Cr), metal que possui alta capacidade de bioacumulacao no ambiente (ARAUJO
et al., 2013; OLIVEIRA et al., 2015; SOUZA et al., 2017).

O lodo de curtume entretanto, demostra potenciais aplicabilidades no
setor agricola, em virtude de ser fonte de substancias organicas e inorganicas
com capacidade de fertilizar o solo (SHAHID et al., 2017) e por decorréncia
favorecer a nutricdo dos vegetais (MALAFAIA et al., 2016). Sendo assim, as
areas agricolas apresentam-se como uma alternativa viavel de utilizacdo deste

material.

No entanto um tratamento especial deve ser considerado visando a
melhor decomposicdo do LC antes da aplicacdo no solo. Uma alternativa de
melhoria da qualidade do lodo de curtume corresponde a submissao do mesmo
ao processo de compostagem (OLIVEIRA; ARAUJO; MELO 2015) processo,
este, eficaz para a decomposicdo de residuos orgéanicos, melhorando sua
qualidade bioldgica, quimica e fisica (SINGH et al. 2011) como reportados por
ARAUJO et al., (2013); SOUZA et al., (2018).

Embora o lodo de curtume mesmo apdés submetido ao processo de
compostagem tenha capacidade de promover melhorias tanto no solo (SAHID et
al., 2017) e auxiliar no crescimento das plantas (ARAUJO et al., 2013; MIRANDA
et al., 2014; GUIMARAES et al., 2015; ARAUJO et al., 2016) ainda apresenta
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potencial favoravel a bioacumulacédo e translocacdo de cromo no solo e nas
plantas, apds sucessivas aplicagcdes no ambiente (SOUSA et al., 2017), além
disso pesquisas relatam que o uso a longo prazo resulta em aumento da
salinidade, alcalinidade do solo, (MIRANDA, et al., 2014), e alteracbes nas
propriedades biolégicas do solo, (CARDOSO et al. 2013), tais como a biomassa
e comunidade microbiana (ARAUJO et al. 2010).

Todavia parte da comunidade bacteriana do solo desenvolvem
mecanismos de sobrevivéncia em condi¢cdes de presenca de metais pesados
(YIN et al., 2015). Um grupo especifico de bactérias que apresenta destaque na
capacidade de sobrevivéncia em diferentes condicbes estressantes sdo as
bactérias promotoras de crescimento de plantas (BPCPs), sendo as mesmas
promissoras em processos de biorremediacdo de ambientes contaminados
(SINGH et al., 2013). O uso de bactérias € um dos variados metodos que podem
ser considerados vidveis para uso, visando a reducdo dos efeitos toxicos de
metais pesados, em especial o cromo, em plantas e no solo (ROCHA et al.,
2018).

Dentro da perspectiva apresentada objetivou-se com este estudo
investigar o efeito de rizobacterias no acumulo de Cr e no crescimento de plantas
de milho em solos contaminados com esse metal e avaliar a sua influéncia nas

propriedades microbioldgicas do solo.
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2 REVISAO DE LITERATURA

2.1 Aplicagao de lodo de curtume compostado e o acumulo de Cromo no
solo e nas plantas.

As industrias curtumeiras ocupam uma posicdo de destaque nas
movimentacdes econdmicas do Brasil, com numeros acima de 80 milhées de
dolares somente no primeiro trimestre de 2020 (CICB,2020). No entanto esta é
uma das atividades responsaveis pela gera¢do de um residuo prejudicial ao meio
ambiente, denominado lodo de curtume (MALAFAIA et al., 2016). Esse rejeito
industrial advém dos processos de curtimento, ao qual a pele animal € submetida
para a obtencéo final do couro (ARAUJO et al., 2013).

O lodo de curtume €& um subproduto final do processo produtivo
curtumeiro, caracterizado por apresentar alta concentracdo de elementos
quimicos, em especial o cromo (Cr) (ROCHA et al., 2018), que possui alta carga
poluente para todos os niveis troficos da cadeia alimentar (ADHIKARI et al.,
2020).

Com diferentes ordem de magnitudes para as concentracbes do cromo
na composicdo que podem variar de 44,900 mg/ kg (ALIBBAD; CURS, 2016),
até 19,229 mg/kg* (JUEL et al., 2017) em lodo de curtume seco quando
proveniente da producéo de couro do tipo West-blue, que é caracterizado por ter
como produto pecas ja prontas para serem submetidos a tingimentos,
recurtimento e acabamento, sendo que cerca de 98% dos couros produzidos no

Brasil sdo curtidos com sais de crémio.

No entanto existem outras formas de obtencao de couro que independem
do uso de metais nos seus processos de transformacédo como o couro West-
White e West- brown resultantes do emprego de extratos tanantes vegetais ou
sintéticos com grupos reativos na estrutura proteica. Também pode-se fazer o
curtimento com taninos naturais para obtencao de couros pesados, COmo Couros
industriais e solas. Os produtos inorganicos mais utilizados como curtentes sao
0s sais de crdomio, de zircdnio, de aluminio e de ferro, e os produtos organicos
utilizados sao os curtentes vegetais, curtentes sintéticos, aldeidos e parafinas
sulfocloradas (CICB, 2012).
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Destaca-se que o Cr ndo tem nenhum papel biolégico conhecido na
fisiologia e metabolismo bioquimico das plantas (REALE et al., 2016). Sendo que
altas concentracdes do elemento pode causar reducdo no crescimento das
plantas e ao mesmo tempo, acumular o metal nos tecidos vegetais (ALI et al.,
2015; FAROOQ et al., 2016; REALE et al., 2016), além de afetar processos
metabolitos essenciais ao desenvolvimento das espécies vegetais tais como,
fotossintese (CHEN et al.,2018) e a fixacdo de carbono (SINGH et al., 2013).

No interior da planta o Cr pode causar estresse oxidativo, provocando
danos, alteragbes no comprimento de raiz e morte celular (GUPTA et al., 2019).
Além disso apés a entrada de Cr pelas raizes, o transporte por translocacao para
os tecidos ocorre muito lentamente, razdo pela qual o Cr é retido

preferencialmente na raiz (SHING et al., 2013).

Embora o LC apresente efeitos poluentes devido a presenca de Cr na sua
composicao, ele possui aplicabilidade do ponto de vista agrondmico, pois contém
uma consideravel carga de compostos organicos e carbonatos (ARAUJO et al.,
2015) que podem contribuir para o bom desenvolvimento das plantas (SOUSA
et al., 2018) e como condicionador de solo (SHARMA et al., 2017). Porém, para
gue seja utilizado como fonte nutricional, ele precisa passar por um processo de
compostagem, visando a reducdo de seu efeito toxico que ocorre através da
acao dos organismos do solo que atuam na decomposicéo do material organico
(SOUZA et al., 2017). Estudos prévios tem demonstrado melhorias na fertilidade
do solo e crescimento das plantas com a aplicagcdo de lodo de curtume
compostado (LCC) (SOUSA et al., 2018; BORGES et al., 2007; MALAFAIA et
al., 2016). Respostas positivas tem sido listadas sobre seu uso nas mais variadas
culturas como rabanete (NABAVINIA et al. 2015), café (BERILLI et al., 2018)
feijdo-caupi (GONCALVES et al., 2014) e milho (SOUSA et al., 2018).

Entretanto, ainda assim o LCC tende a apresentar Cr na sua composi¢cao
e aplicacdes permanentes deste composto podem levar ao acimulo de grandes
teores do metal (SOUZA et al., 2018) e também aumentar o pH e a salinidade
do solo (SOUSA et al., 2017; ARAUJO et al., 2013; BERILLI et al., 2014). Em
particular, o Cr pode ser absorvido pela microbiota benéfica do solo, causando

efeito em sua composicdo, assim como pelas plantas, nas quais altera as
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funcdes fisioldgicas (STAMBULSKA et al., 2018) prejudicando assim 0 seu

desenvolvimento.

No entanto algumas propriedades do solo podem contribuir para atenuar
o efeito negativo de metais, como o pH do solo que altera a solubilidade e as
formas do metal (ASHRAF et al., 2017), uma vez que valores de pH abaixo de
5,5 favorece a formacao de Cr (lll), devido ao potencial redox, reduzindo a
toxicidade do elemento (LIU et al., 2019). Assim como a matéria organica (MO)
desempenha um papel importante no controle da mobilidade, biodisponibilidade
e sorcdo de Cr e outros metais no solo, sabendo-se que altos teores de MO
podem reduzir também a toxicidade do Cr (SHAHID et al., 2012; 2013).

Visando reduzir os efeitos negativos do acumulo do Cr, alguns
microrganismos promotores de crescimento tem sido utlizados como
biorremediadores de metais pesados no solo, como bactérias do género Bacillus
sp. (LIU et al, 2019), Pseudomonas sp.; WU et al., (2016). Esses
microrganismos também podem potencializar e melhorar a aplicacdo do LCC,
tornando possivel seu uso sem ocasionar grandes efeitos deletérios, como o

acumulo do cromo nas plantas (ROCHA et al., 2019).

2.2 Acéao de bactérias promotoras de crescimento de plantas (BPCP) em
ambiente contaminado por Cromo.

A pressdo ambiental do solo pode selecionar bactérias capazes de
desenvolver interagcdes complexas com outros microrganismos do solo e plantas
(SALEEM; MOE, 2014) principalmente quando em condi¢bes adversas. Dentre
estas condi¢des, a contaminacao do solo por metais pesados com destaque para
o cromo pode afetar a diversidade de bactérias colonizadoras de raizes
(MIRANDA et al., 2018).

De modo geral, varias sdo 0s grupos bacterianos identificados com
potencial de degradacdo de Cromo (SAHID et al., 2017). Dentre estes
encontram-se bactérias conhecidas como promotoras de crescimento de plantas
(BPCPs), que apresentam caracteristicas promissoras na atenuacao dos efeitos
dos metais nas espécies vegetais (ROCHA et al.,2018).

As BPCPs mais estudadas em condi¢cbes de estressses ambientais s&o

as Pseudomonas, Bacillus, Streptomyces, Rhizobium, Bradyrhizobium,
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Acetobacter, Agrobacterium, Enterobacter e Burkholderia (MARIANO et
al.,2004). Estas bactérias, quando associadas as raizes das plantas, podem
reduzir os efeitos da contaminagéo (GREIPSSON, 2011), por metais no solo (ALI
et al., 2013).

Na literatura existem varios estudos que listam a acdo de bactérias na
atenuacdo de metais pesados tais como: Bacillus sp., Pseudomonas
fluorescens, Sporosarcina saromensis e Leucobacter chromiireducens (JOUTEY
et al., 2016; RAN et al.,, 2016); Sporosarcina saromensis (RAN et al., 2016),
Pseudomonas putida (KAMRAN et al., 2016), Microbacterium sp. (SONI et al.,
2014), Arthrobacter sp. (ROSALES et al., 2012), Intrasporangium sp. (LIU et al.,
2012).

Esses microrganismos possuem diferentes mecanismos de reducdo da
toxidade dos metais, tais como o cromo no solo e em plantas onde podem ser
citados a biossorcdo, biolixiviacdo, imobilizacdo, acumulo intracelular e
transformacdes catalizadas por enzimas (DIXIT et al., 2015). A comunidade
microbiana reduz o Cr da sua forma mais toxica a uma menos nociva, 0 que
provocara a estabilizacdo do metal no solo e consequente diminuicdo da sua

transferéncia para as culturas (SHAHID et al., 2017).

No entanto faz-se importante ressaltar que os processos de reducao do
cromo para formas menos nocivas é muito variante em funcdo das cepas
bacterianas (DHAL et al., 2010), da concentracdo de cromo existente, assim
como das propriedades fisico-quimicas do solo (SHAHID et al., 2017; JOUTEY
et al., 2016).

Além disso alguns microrganismos podem sintetizar substancias
extracelulares, como exopolissacarideos (EPs) (PRAJAPATI et al., 2013) que
atuam na defesa contra estressores ambientais (YILDIZ; KARATAS, 2018;
ANTUNES et al., 2017). Os EPs permitem que as bactérias consigam sobreviver
em ambientes com elevada toxidade por metal, pois algumas espécies séo
capazes de reduzir e/ou acumula-los nesta rede polimérica (KARTHIK et al.,

2017) como por exemplo o género rhizobium sp. (SA et al., 2019).

Estudos demostram que o aumento da producdo de algumas proteinas

especificas por bacterias sdo observadas como forma de combater o estresse
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metalico (Van Bogelen et al, 1987). Assim 0s microrganismo que possuem a
capacidade de producdo de exopolissacarideos tem um papel significativo na
manutencdo da saude e qualidade do solo em areas contaminadas (WEZEL et
al., 2014).

Ademais alguns indicadores de qualidade do solo podem auxiliar na
compreensao de como se dar o comportamento da biomassa microbiana quando
em situacdo de estresse por metais pesados, como por exemplo a atividade

enzimatica e o carbono da biomassa microbiana (FEIZE et al., 2020).

2.3 Influéncia do Cr na Biomassa microbiana do solo.

A biomassa microbiana do solo (BMS) compreende a parte viva e mais
ativa da matéria organica (SPARLING, 1992), sendo determinada como o agente
de transformacdes bioguimicas no solo (WARDLE, 1994), funcionando assim
como deposito de nutrientes tanto para as comunidades microbianas futuras,
como para as plantas (BROOKES et al., 2001).

Além disso constitui uma forte indicadora de alteracdes no equilibrio do
sistema (SMITH; PAUL., 1990), uma vez que 0s microbios do solo
desempenham papéis significativos na reciclagem de nutrientes das plantas,
manutenc¢ao da estrutura do solo, desintoxicacdo de produtos quimicos nocivos
e no controle de pragas e crescimento das plantas (ZHENG et al., 2010). Com
iISso, 0S microrganismos do solo por possuirem uma maior sensibilidade aos
estresses ambientais, podem ser utilizados na percepcdo de mudancas no
ecossistema, quando comparado aos demais organismos inseridos nas mesmas

condi¢cbes de contaminacdo (ZHANG et al., 2016).

Diversos fatores podem acarretar interferéncia tanto quantitativa como
gualitativa na bomassa microbiana do solo. Dentre eles, pode-se destacar a
quantidade e disponibilidade de substrato organico, fatores bidticos como
temperatura, umidade e aeracao; disponibilidade de nutrientes, assim como a
presenca de metais pesados no ambiente (MOREIRA; SIQUEIRA, 2002;
FRANCHINI et al., 2007).

Esses fatores de alteragcbes do meio promovem uma rispida mudanca no
comportamento desses microrganismos visando principalmente sua

sobrevivéncia, acarretando uma modificacdo dos mecanismos adaptativos das
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comunidades microbianas em termos de abundancia, diversidade e estrutura
(SANTOS et al., 2012; SHEIK et al., 2012).

Estudos tém mostrado que a exposicdo a longo prazo a metais toxicos
pode ocasionar uma reducéo da diversidade microbiana e das atividades destes
no solo (ZHANG et al.,, 2010), como por exemplo causar influencia na

concentracdo de carbono da biomassa microbiana (FEIZI et al., 2020).

Impactos causados pela presenca de metais pesados tém sido
demonstrados por pesquisadores ao longo do tempo, como efeitos adversos na
biomassa microbiana (BRETON et al., 2013; SILVA et al., 2014; DENG et al.,
2015; ARAUJO et al., 2016) e na estrutura da comunidade (XU et al., 2009; ZHU
et al., 2013; AHEMAD et al., 2015). Isso significa, que qualquer mudancga
qualitativa ou quantitativa no solo causadas pela poluicdo por metais pesados se
traduz em distarbios no funcionamento da biomassa microbiana e por
consequéncia do ecossistema (STEFHANOWICZ et al., 2019).

Destaca-se que areas que recebem material enriquecido com cromo,
como é o caso daquelas usadas para descarte de lodo de curtume compostado,
tendem a apresentar uma maior restricdo e/ou modificacdo da comunidade
microbiana existente ao longo do tempo (MIRANDA et al., 2018), que vao desde
reducdo ao total desaparecimento de alguns grupos bacterianos existentes
nestes locais contaminados (CHODAK et al., 2013). No entanto, 0s mecanismos
adaptativos como adsorcdo e acumulacdo de metais pesados; secrecao
microbiana de enzimas e metabolitos bioativos (isto €, substancias poliméricas
extracelular, sideréforos e acidos organicos) como exopolissacarideos (PANDA
et al., 2020; KODAMALA et al., 2018), tendem a ser rotas utilizadas por esses
microrganismos como medida para diminuir a toxidade, eles alteram o estado
redox dos elementos toxicos e aumentando a complexacdo e a
biodisponibilidade dos metais (HAO et al., 2014) garantindo assim a resisténcia

desses microrganismos no meio contaminado.

Mesmo dispondo de mecanismos adaptativos, os efeitos causados pelo
estresse metalico na biomassa microbiana pode acarretar a inibicdo de funcdes
especificas de alguns grupos de microrganismos (MIRANDA et al., 2014). Podem

também comprometer a funcionalidade de espécies fundamentais a processos
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como a mineralizacdo, fixacdo biolégica de nitrogénio e desnitrificacdo, que se
categorizam como fung¢@es primordiais para o equilibrio do ambiente (DENG et
al., 2015; DUAN et al., 2018).

Além disso, podem afetar a existéncia de algumas comunidades raras
(GANS et al.,2007), reduzir a atividade enzimatica, a diversidade funcional,
causar alteracdo na estrutura taxon6mica ou aumentar a tolerancia da
comunidade (STEFANOWICZ et al., 2019; AZARBAD et al., 2013; CHEN et al.,
2013; GUO et al., 2017). Estudos ainda relatam que microrganismos no solo sob
estresse de metais pesados desviam energia do crescimento para fungdes de
manutencdao celular (FEIZE et al., 2020).

Vale destacar que a dindmica da biomassa microbiana do solo é regida
pela dindmica da matéria organica existente (WARDLE et al., 1995). Assim
observa-se que Actinobacteria, Proteobacteria e Firmicutes apresentam-se
como grupos importantes de microrganismos nhativos com capacidade de
estabelecer-se em ambientes com altas concentragbes de material organico,

inorganico e metais pesados no solo (POLTI et al., 2014).

Sob estas condicbes, pode-se perceber que ocorrem mudancas na
concentragcdo de alguns elementos como por exemplo o aumento do contetdo
de carbono e nitrogénio no solo quando feito o emprego de lodo de curtume
compostado. Isso pode ser justificado pela acdo dos microrganismos sob o

contetdo de matéria organica presente no material (ARAUJO et al., 2016).

No entanto, vale ressaltar que mesmo quando o material € submetido a
processo de compostagem, as altas concentracdes de Zinco, Cromo e Cadmio,
podem favorecer a reducéo da diversidade da biomassa microbiana (SCHERER
et al., 2011). Ambientes contaminados com lodo de curtume compostado podem
também apresentar modificacdo nas atividades enzimaticas desempenhadas
pelos microrganismos do solo, como a diminui¢cdo da atividade da desidrogenase
(DHA) e da diacetato de fluoresceina (FDA) (SANTOS et al., 2011).

Assim, o conhecimento da acdo do lodo de curtume compostado na
atividade de biomassa microbiana e enzimas é importante para entender e
elucidar as consequéncias de alteracdes da qualidade do solo (LIU et al., 2020).

Assim, entender o comportamento dos microrganismos e favorecer a
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identificacdo da sua capacidade de biodegradar cromo podem colaborar
significativamente com o aperfeicoamento das técnicas de biorremediacao (LI et
al., 2020).
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and soil microbial biomass C in a Cr-contaminated soil.

Abstract

Cr contamination in soil affect the growth of plants as well as this metal
accumulates in plants tissues. In addition, this metal can affect soil microbial
biomass and activity. Rhizobacteria can protect plants against metals and, at the
same time, promote plant growth and could alleviate the effect on microbial
biomass. This study evaluated rhizobacterial effect on maize growth and Cr
accumulation, and soil microbial biomass C in a Cr-contaminated soil. Maize
seeds were inoculated with rhizobacteria and the plants grew in soils with (+Cr)
and without (-Cr) contamination of Cr. In Cr-contaminated soil, the treatment
LCC41 promoted the highest growth of maize, while LCCO04 contributed with the
highest N accumulation in plants. The shoot of maize accumulated less Cr with
the treatments LCCB81, while LCC41 contributed for the highest accumulation of
Crin roots. The accumulation factor was highest in treatment with IPA403, while
the treatment with LCC81 showed the lowest values. In conclusion, the
rhizobacteria LCC41 and LCC81 could promote plant growth and reduce Cr
accumulation in maize, respectively, in Cr-contaminated soil.

Keywords: metals, tannery sludge, soil contamination
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1 Introduction

Metals are important threat to the environment since these elements
cannot be degraded naturally and, thus, can persist in the ecosystem and
accumulate in soil and, also, in different parts of the food chain (Ogundiran and
Osibanjo 2009). Among the main metals, Cr has been an important issue to the
environment due to increase in generation and disposal of Cr-contaminated
sludge, such as tannery sludge, that have contributed to Cr accumulation in soils
(Araujo et al. 2013, 2018).

It is particularly important because the accumulation of Cr, by application
of tannery sludge, has promoted changes in soil chemical (Araujo et al. 2013),
physical (Araujo et al. 2016) e biological properties (Sousa et al. 2017). In
addition, the Cr accumulated in soil has been translocated and bioacumulated in
plants (Sousa et al. 2018). On the other hand, some studies have found different
microbes that present tolerance to high Cr concentration (Miranda et al. 2018,

2019), including plant growth-promoting rhizobacteria (Rocha et al. 2019).

Rhizobacteria have been found in soil contaminated with metals since
these microbes can present different strategies to withstand these elements (Hao
et al. 2014; Ojuedeirie and Babalola 2017). Some rhizobacteria can secret
enzymes and bioactive metabolites that protect plants against metals and, at the
same time, promote plant growth (Hao et al. 2014). For example, these
rhizobacteria act producing and releasing enzymes and exopolysaccharide
(EPS) that can assist the detoxification of metals and, indirectly improving the
plant growth (Lal et al. 2018). In the case of Cr, the tolerance of rhizobacteria is
associated with their ability to produce and release enzymes that enable them to
thrive high concentration of this metal (Tirry et al. 2018). Recent study in a Cr-
contaminated soil, Rocha et al. (2019) found and selected some rhizobacteria
with high biochemical capability and tolerance to high concentration of Cr.
Therefore, the use of Cr-tolerant rhizobacteria may present potential in Cr-
contaminated soil acting on plant growth promotion (Anyanwu and Ezaka 2011).

The inoculation of rhizobacteria could also alleviate the effect of Cr on soil
microbial biomass and activity. Since rhizobacteria stimulate the root growth, they
could influence microbial biomass through rhizospheric effect (Souza et al.,

2015). In addition, these bacteria release some extracellular enzymes that
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contributes to decompose organic residues and increase the microbial biomass

and activity (Moraes et al., 2018).

In this study, we used some promising isolates of rhizobacteria, with high
biochemical capability, tolerance to Cr and production of EPS, found by Rocha et
al. (2019) in Cr-contaminated soil. This evaluation is important since these
rhizobacteria could be potentially used in plants ameliorating Cr stress, avoiding
Cr translocation to plants and promoting plant growth. Thus, the aim of this study
was evaluated five rhizobacteria on maize growth and soil microbial biomass in

a Cr-contaminated soil.
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2 Material and methods

The study was conducted in a greenhouse located at Department of Soll
and Agricultural from Federal University of Piaui, Brazil (05° 05’ S; 42° 48’ W. 75
m). Pots (2.8 I'Y) were filled with soil collected from the experimental field with
application for ten years of composted tannery sludge (CTS). In this study, we
used soil from site with application of 20 ton ha?! CTS (highest rate) that
presented an accumulation of about 300 mg kg Cr. As control without CTS, we

collected an adjacent soil, (without CTS application) that does not present Cr.

In order to design the experiment, Cr was extracted by the DTPA-TEA
method and measured using the USEPA-3050 method (USEPA 1986). Thus, two
soil conditions were used in this experiment, according to Cr concentration: soil
without Cr (-Cr) and soil with Cr (+Cr). The chemical characteristics of the soil
(Table 1) without Cr) and soil with Cr.

Tabela 1 Values of the chemical analysis for soil with chromium (+Cr) and soil
without chromium (-Cr).

Conditons pH M.O P K Ca Mg Cr
of soil H20 g kgt mg kgt Cmolc kg mg.kg?
without 5,8 5,3 4,3 38,2 1,8 0,5 0
Cr
With Cr 6,6 12,1 7,8 70,3 3,3 1,2 320

In both soil conditions, we used rhizobacteria that presented high
biochemical capability, tolerance to Cr and production of EPS (Rocha et al., 2019)
in the presence of Cr, being: LCC04, LCC41, LCC69, and LCC81. A potential
rhizobacteria, with high production of EPS, isolated by OLIVEIRA et al. (2012)
was used as a microbial reference. A treatment without inoculation and
fertilization was used as control. The experiment design was completely
randomized in a factorial scheme with two Cr concentration and six treatments,

in four replicates.

All rhizobacteria were grown in YM culture medium with growth for a period
of 48 hours at a temperature equivalent to 28° C. Then, the isolates grew in YM

medium in agitation (180 rpm) at 28 ° C until the concentration of 10° colony
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forming units, measured in a 650 nm spectrophotometer. These aqueous
suspensions containing each isolate were used as bacterial inoculant. Maize
(Zea mays L., AG1051) seeds were surface-disinfested (5% sodium hypochlorite
for 30 min) and were rinsed with sterile distilled water. These disinfested seeds
were used in experimental procedures. Bacterial aqueous suspension was

applied directly onto the seeds, in the planting, in the amount of 1 ml per seed.

At the harvest (60 days after plant emergence), soil and plants were
collected. Soil microbial biomass C (MBC) was estimated using the chloroform
fumigation-extraction method according to Vance et al. (1987). The extraction
efficiency coefficients of 0.38 was used to convert the difference in C between
fumigated and non-fumigated soils in MBC. Soil respiration was monitored with
a daily measurement of CO2 evolution under aerobic incubation at 25 °C for 7
days (Alef and Nannipieri, 1995). The respiratory quotient (qCO2) was calculated
from the ratio between respiration and MBC and is expressed as mg CO2 kg™
MBC day™.

The shoot was separated from roots and they were dried (65°C; 72 h) and
weighed to determine both shoot (SDW) and roots (RDW) dry weight. Total N
content in shoot was estimated by Kjedahl method. The accumulation of N (AcN)
in shoot was estimated by the SDW and total N content. Chromium content in
shoot and roots were estimated according to the method described in USEPA-
3050 (USEPA, 1986). The translocation factor of Cr (TF) (Patel et al. 2016) was

calculated as:
TF = Cr content in the shoot (mg kg™)/Cr content in the roots (mg kg™)

Shapiro-Wilk and Bartlett tests were used to test the normality and homogeneity
of variance of data, respectively. Except for Cr accumulation and TF, all data
were statistically analyzed using an analysis of variance (ANOVA) considering a
factorial design with two soil condition (-Cr and +Cr) and six treatment (isolates
and control), and their interactions. The means were compared by the Tukey test.

All data were analyzed using the R software.
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3 Results

ANOVA indicated differences between treatments and soil condition for all
evaluated parameters. In soil without Cr, the treatment with LCC81 promoted
higher values of SDW than other treatments, while that, in soil contaminated with
Cr, the treatments LCC04, LCC41, and LCC69 showed the better performances
on SDW (Figure 1A). RDW showed a tinny variation according to treatments in
soil without Cr (Figure 1B). The exception was the treatment LCC41 that was
significantly higher than LCC81. In Cr-contaminated soil, the treatment LCC41
promoted the highest RDW as compared with LCC04, LCC81, IPA403 and
control. The treatment LCC81 promoted the highest root:shoot ratio in soil without
Cr, while that, in soil contaminated with Cr, the treatment LCC04 contributed for

the highest root:shoot ratio (Figure 1C).
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Figure 1 Shoot (A) and roots (B) dry weight, and root:shoot ratio (C) of maize
inoculated with PGPB grown in soil with (+Cr) and without (-Cr). Different
uppercase and lowercase letters indicate a significant difference (p < 0.01)
between treatments indicate a significant difference (p < 0.01) between
treatments in soil —Cr and +Cr, respectively. The bars represent the standard
error of the mean (n = 4).

The maize plants accumulated more N in the treatment LCCO04, in soil
without Cr (Figure 2A). Interestingly, LCCO04 also contribute with more N to maize
in Cr-contaminated soil. The treatment LCCO04 also contributed with the highest
values of chlorophyll in soil without Cr (Figure 2B). However, in soil contaminated

with Cr, there were not significant differences between treatments.
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Figure 2 Nitrogen (A) and chlorophyll (B) content in maize inoculated with PGPB
grown in soil with (+Cr) and without (-Cr). Different uppercase and lowercase
letters indicate a significant difference (p < 0.01) between treatments in soil —Cr
and +Cr, respectivel. The bars represent the standard error of the mean (n = 4).

The accumulation of Cr in maize differed significantly according to the
treatments (Figure 3A). In Cr-contaminated soil, the shoot accumulated less Cr
with the treatment LCC81, while plants under the treatments IPA403 and control
accumulated more Cr in the shoot. The treatment LCC41 contributed for the
highest accumulation of Cr in roots. The accumulation factor, i.e. translocation of
Cr from roots to shoot, was highest in treatment IPA403, while the treatment

LCC81 showed the lowest accumulation factor (Figure 3B).
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Figure 3 Cr accumulation in plants (A) and the translocation factor (B) in maize
inoculated with PGPB grown in soil with (+Cr) and without (-Cr). Different
uppercase and lowercase letters indicate a significant difference (p < 0.01),
between treatments in shoot a and roots, respectively. The bars represent the
standard error of the mean (n = 4).

In soil without Cr, soil respiration was higher and lower in treatments
LCC41 and LCCO04 (Figure 4A). In Cr-contaminated soil, the higher soall
respiration was found in treatments LCC41 and LCC69, while the lowest value
was observed with IPA403. Soil MBC was higher in treatments LCC04, LCC69,
and LCCB81 in soil without Cr (Figure 4B), while that the highest value of MBC
was found in the treatment LCC69. For both soil conditions, the control presented
the lowest values of MBC. In soil without Cr, the values of qCO2 were highest and

lowest in treatments LCC41 and control, respectively (Figure 4C).
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Figure 4 Soil respiration (A) microbial biomass C (B) and respiratory quotient (C)
after inoculation of maize with PGPB in soil with (+Cr) and without (-Cr). Different
uppercase and lowercase letters indicate a significant difference (p < 0.01)
between treatment in soil —Cr and +Cr, respectively. The bars represent the
standard error of the mean (n = 4).

In contrast, the control had the highest value of qCO: in Cr-contaminated
soil. On the other hand, the treatments LCC04, LCC69, LCC81, and IPA403

presented the lower qCOs..
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4 Discussion

In this study, we evaluated the influence of some rhizobacteria, selected
from Cr-contaminated (LCC04, LCC41, LCC69, and LCC81l) and
uncontaminated (IPA403) sites, on maize growth, accumulation of Cr, and soill
microbial biomass. In general, the rhizobacteria showed distinct influences on

maize growth and soil microbial biomass parameters in soil with and without Cr.

The results showed that, in Cr-contaminated soil, shoot biomass was
significantly stimulated with the rhizobacteria LCC04, LCC41, and LCC69 by a
range of 50% to 100% as compared to the control. Interestingly, LCC41 promoted
higher efficiency to increase the maize roots by about three times than the control.
Thus, these rhizobacteria, especially LCC41, reduced the detrimental effects of
high Cr concentration on maize growth. previous studies have reported some Cr-
tolerant rhizobacteria present the ability for increasing plant growth in the
presence of this element (Rajkumar et al. 2006; Magbool et al. 2015; Tirry et al.
2018). Recently, Tirry et al. (2018) found a rhizobacteria able to promote plant

growth of Alfafa in Cr-contaminated soil.

Rhizobacteria present the ability to stimulate plant growth directly, by
production of phytohormone, and indirectly, by amelioration of metal stress
(Mallick et al. 2018). According to Chiboub et al. (2016), several metal-tolerant
rhizobacteria are capable of producing phytohormones, such as indole-3-acetic
acid (IAA), and enzymes even under metal stress conditions. Indeed, the
rhizobacteria LCC04, LCC41, and LCC69 presented high capability of producing
IAA and enzymes in soil with high Cr concentration (Rocha et al. 2019). Specially,
LCC41 produced about 70 pug IAA ml-t under 100 mg Cr kg soil. Thus, it may
have contributed for increasing maize growth through of inoculation of this
rhizobacterium. The results also showed the rhizobacteria LCC81 promoting the
maize shoot in soil without Cr, while the same performance was not observed in
Cr-contaminated soil. It may mean that this rhizobacterium, although efficient in

uncontaminated soil, does not present efficiency in Cr-contaminated soil.

The rhizobacteria LCC004, LCC41, LCC69, and LCC81, used in this
study, were isolated from soil contaminated with Cr (Rocha et al., 2019) and have
higher ability to fix N in contaminated soil, while that IPA403 was selected from

uncontaminated soil (Oliveira et al. 2012). Therefore, the higher N accumulation
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in plants by using the rhizobacterium LCCO04 could reflect its tolerance and
biochemical capability. Compared to others rhizobacteria, LCC004 is catalase,
urease and phosphatase positive in the presence of 200 mg Cr kg soil (Rocha
et al. 2019). The urease catalyzes the hydrolysis of urea to ammonium and then
it could be uptaken by plants (Nosheen and Bano 2014), while catalase protects
plants against the oxidative stress (Santos et al. 2018). Therefore, these
characteristics contribute for increasing N accumulation under Cr-contamination.
The higher N accumulation in plants, by inoculating LCC004, contributed for
higher chlorophyll content. However, in Cr-contaminated soil, no isolates

influenced the accumulation of chlorophyll in plants.

In general, the results show that Cr is more accumulated in roots than
shoots, and it agrees with previous studies that found more accumulation of Cr
(Sousa et al. 2018) and Cu (Rizvi and Khan 2018) in maize roots. Recently, Patel
et al. (2016) assessed the accumulation of Cr in Mentha spicata and found higher
accumulation in roots. The results showed an influence of rhizobacteria LCC81
reducing the translocation of Cr from roots to shoot. Recent studies have
reported that metal-tolerant rhizobacteria could present the ability to immobilize
and reduce the bioavailability of metals and their consequent accumulation in the
plants and, at the same time, promote plant growth (Han et al. 2018; Wang et al.
2018). For example, Bacillus megaterium promoted the growth of Brassica
juncea, Luffa cylindrica and Sorghum halepense and contributed for decreasing
the translocation of Ni to shoots (Rajkumar and Freitas 2013). Recently, Rizvi
and Khan (2018) reported that the inoculation of Azotobacter chroococcum
lowered the Cu and Pb accumulation in maize and it was due to the metal
chelation and immobilization. There is some speculation that some substances
produced by rhizobacteria, such as IAA, siderophores and exopolisacharides,
could help plants to resist the metal contamination. In addition, they also form
biofilms which restricted the metal uptake in these plants (Das and Sarkar 2018;
Rizvi and Khan 2018).

In general, the results of soil microbial parameters showed a positive
influence of the isolates on soil respiration and microbial biomass C. Interestingly,
the treatment with LCC69 showed the better results for soil respiration and

microbial biomass C, in Cr-contaminated soil. Since soil respiration is recognized
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as useful indicator of microbial activity (Alef and Nanipieri, 1995), these results
suggest that the rhizobacteria LCC69 stimulates the soil microbial biomass and
activity in Cr-contaminated soil. In contrast, microbial biomass decreased, while
gCO2 increased, in the control under Cr-contamination condition. It suggests that
high contamination of Cr inhibits the microbial biomass and promotes soil

microbial stress (Souza et al., 2017).
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5 Conclusion

This study showed that rhizobacteria isolated from Cr-contaminated soll
presented potential to support plant growth and improve soil microbial biomass.
Thus, the rhizobacteria LCC41 and LCC81, could potentially promote maize
growth and reduce Cr accumulation in shoot, respectively, in soil contaminated
with this metal. In addition, the rhizobacteria LCC69 stimulated more microbial
biomass and activity. Further studies should be done aiming to verify the ability

of these isolate on Cr degradation.
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