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Resumo

As pastagens naturais do Bioma Pampa tém sido tipicamente utilizadas em sistemas
extensivos de criacdo de bovinos de corte, com pouco ou nenhum aporte de insumos
externos. Em ambientes naturais ou com pouca intervencdo antrépica, como 0s sistemas
pastoris tradicionais do Bioma Pampa, a microbiota do solo assume um papel no
funcionamento do ecossistema. A presente pesquisa teve como objetivo avaliar o impacto
de diferentes pressbes de pastejo sobre a atividade microbiana e a diversidade de bactérias
do solo. Foi avaliado um experimento de longa duracdo, localizado em Eldorado do Sul,
Brasil, avaliando-se trés niveis de pressao de pastejo: alta pressao de pastejo (HP), com 4%
de oferta de forragem (OF); pressdo de pastejo moderada (MP), com 12% de OF e baixa
pressdo de pastejo (LP), com 16% de OF. Foram avaliadas ainda duas &reas de referéncia,
sendo uma area de vegetacdo nativa nunca pastejada (NG) e outra de vegetacdo regenerada
apos dois anos de pastejo (RG). As amostras de solo foram avaliadas quanto a biomassa
microbiana, atividades de B-glucosidase, arilsulfatase e urease, adotados como indicadores
bioquimicos de qualidade do solo. Avaliou-se ainda a estrutura da comunidade bacteriana e
da populacdo de bactérias diazotréficas por meio de RFLP dos genes 16S rRNA e o nifH,
respectivamente. A diversidade de bactérias diazotroficas foi avaliada por meio de
sequenciamento parcial do gene 16S rRNA. A presenca de animais em pastejo favoreceu a
comunidade microbiana do solo, de modo que a média geométrica geral dos atributos
bioquimicos foi significativamente maior nos tratamentos com maior intensidade de
pastejo, MP e HP. As estruturas da comunidade bacteriana e das populacGes de
diazotroficos foram alteradas pelos diferentes manejos da pastagem, observando-se uma
maior diversidade de bactérias diazotroficas culturaveis no tratamento LP. Considerando-
se 0 conjunto das caracteristicas bioquimicas e microbioldgicas avaliadas no presente
trabalho e o histdrico da area, a adocdo do tratamento MP parece 0 mais adequado visando

a producgdo animal e & conservacao do Bioma Pampa.



Abstract

The grasslands of the Pampa biome have been typically used in extensive breeding systems
of beef cattle, with little or no contribution of external inputs. In natural environments or
with little human intervention, such as traditional grazing systems of the Pampa biome, the
soil microbiota plays a role in the ecosystem functioning. This study aimed to evaluate the
impact of different grazing pressures on the activity and diversity of soil bacteria. We
performed one long-term experiment in Eldorado do Sul, Brazil, which assessed three
levels of grazing pressure: high grazing pressure (HP), with 4% herbage allowance (HA);
moderate grazing pressure (MP), with 12% HA; and low grazing pressure (LP), with 16%
HA. Two reference areas were also assessed, an area of never-grazed native vegetation
(NG) and an area of regenerated vegetation after two years of grazing (RG). Soil samples
were evaluated for microbial biomass; B-glucosidase, arylsulfatase and urease activities;
and biochemical indicators of soil quality. The structure of the bacterial community and the
population of diazotrophic bacteria were also evaluated by RFLP of the 16S rRNA and
nifH genes, respectively. The diversity of diazotrophic bacteria was assessed by partial
sequencing of the 16S rRNA gene. The presence of grazing animals favored the soil
microbial community, and consequently, the overall geometric mean of the biochemical
characteristics was significantly higher in MP and HP. The structures of the bacterial
community and the populations of diazotrophic bacteria were changed by the different
grazing managements, with a greater diversity of culturable diazotrophic bacteria observed
in the LP treatment. Considering all the biochemical and microbiological characteristics
evaluated in this study and the history of the area, adoption of the MP treatment seems the

most appropriate for animal production and conservation of the Pampa biome.



1- Introducéo

Os biomas podem ser classificados de varias maneiras, no entanto, existe um consenso
entre 0s pesquisadores quanto aos principais biomas do mundo: tundra, taiga, florestas
temperadas, florestas tropicais, campos e desertos (Santos et. al., 2009). No Brasil, por
apresentar uma variabilidade climatica, pode-se encontrar diferentes biomas. Segundo a
classificacdo oficial da vegetacdo do Brasil pelo IBGE (2004), o pais possui seis biomas
terrestres: AmazoOnia, Mata Atlantica, Caatinga, Cerrado, Pantanal e Pampa ou Campos

Sulinos (Carvalho et al., 2006), representados na Figura 1.

(BIOMA |
' CAATINGA -

é » D

Fig. 1. Localizacao dos Diferentes Biomas (IBGE 2004)

O bioma Pampa tem sido utilizado para a producdo agricola, gerando impactos na
biodiversidade deste sistema, este sendo responsavel pela perda ou aumento do contetido
de carbono orgéanico no solo, afetando assim diretamente a diversidade microbiana deste
solo. Visando uma produtividade agricola sem muitos impactos, a intensidade de pastejo e
0 manejo dos solos sdao muito explorados, pois 0 comportamento da matéria organica do



solo sob um determinado sistema de manejo e a caracterizagdo bacteriana presente neste

solo, podem ser utilizados como ferramentas para determinar a qualidade dos mesmaos.

1.1- Bioma Pampa

Os Campos Sulinos (ou Pampa) existem no Brasil mais precisamente no Rio
Grande do Sul abrangendo uma &rea de 176. 496 km?, ocupando 63% de seu territério e
2,07% do territério nacional. O Bioma Pampa, segundo o IBGE 2004, é uma reunido de
formacOes ecoldgicas que se intercruzam em uma formacdo ecopaisagistica, com intenso
trafego de matéria, energia e vida entre os campos, matas ciliares, capdes de mato e matas
de encostas (Pillar et al., 1999).

Segundo Berreta (2001), a palavra campos refere-se a um tipo de vegetacdo
composta por gramineas e outras herbaceas, classificado como estepe no sistema
fitogeografico internacional e reconhecido como um bioma rico em biodiversidade.

A regido em que se encontra o Rio Grande do Sul era formada por uma paisagem
dominada por planicies, com algumas ondulacGes e lagos de baixa profundidade e extenséo,
configurando assim um reflgio a vida local, estes separados por planicies com pouca
vegetacdo (Holzs, 1999). Essas paisagens foram substituidas por sedimentos de origem
edlica, devido as mudancas bruscas influenciadas, principalmente, pelos movimentos
tectdnicos, vulcanismo de fissuras e ao aquecimento climatico, dando, assim, a
caracteristica de paisagens planas (Pillar et al., 1999).

Neste bioma as pastagens naturais apresentam algumas singularidades importantes
como a convivéncia mutua de espécies vegetais de rotas metabdlicas C3 e C4 (Trindade,
2011; Boldrini, 2007) e a presenca de plantas com héabitos de crescimento e resposta de
resisténcia ao pastejo diferenciada (Trindade, 2011).

A produgdo pecudria € uma das principais atividades econdémicas do Rio Grande
do Sul e suas pastagens naturais representam a base da alimentagdo para a producdo animal.
As comunidades vegetais existentes neste Bioma encontram-se em continuo processo de
selecdo natural e adaptacdo, devido a acOes de manejo impostas pelo homem como
subdivisdo de éareas, carga animal, sistemas de pastejo, fertilizacdo, queima e preparo de

solo. Essas intervencfes resultam em modificagbes no equilibrio bioldgico do sistema,
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alterando sua composicao boténica e potencial produtivo de forma benéfica ou prejudicial
(Carvalho et al., 2006; Millot et al., 1987).

O Bioma Pampa é um Bioma negligenciado, sendo 0 que menos recebe atencdo das
autoridades. Em estudos realizados no Brasil (Carvalho et al., 2006; Bilenca & Mifarro,
2004) foi constatado que dois fen6menos sdo preocupantes e ameacadores a este
importante recurso natural. O primeiro é a expansdo da fronteira agricola, representada,
principalmente, pelo cultivo de soja, pelo reflorestamento e o plantio de pastagem
(Carvalho et al., 2006). O segundo é o excesso de animais empregado no manejo das
pastagens naturais (Carvalho et al.,, 2006). O preparo do solo e o pisoteio animal
influenciam as propriedades fisicas, quimicas e biol6gicas do solo, podendo afetar o
sistema radicular e a producdo das culturas (Silva et. al., 1999; Bassani, 1996). A
compactacdo do solo causa um aumento da resisténcia a penetracdo no solo e reducéo da
porosidade total, da permeabilidade e da infiltracdo de agua, resultantes de cargas aplicadas
na superficie do solo (Silva et. al. 1999; Soane & Ouwerkerk, 1994). As consequéncias da
degradacdo dos campos naturais e do Bioma Pampa em geral sdo: fragmentacdo da
paisagem, perda de biodiversidade, erosdo dos solos, invasao bioldgica, polui¢do das aguas
e degradacdo dos solos.

O bioma Pampa ja apresenta passivos ambientais que, pela dificil reversibilidade,
sdo considerados graves, tais como a arenizacdo de extensas areas, a alteracdo da fauna e
flora nativas pela invasdo de espécies exoéticas e a supressdo de extensas areas com

ecossistemas nativos (campos, banhados e matas) para uso agropecuario

1.2 Importancia dos microrganismos

Apesar de ndo 0s vermos, 0s microrganismos constituem a grande maioria dos
organismos no planeta (Whitman et al. 1998). Esses estdo intimamente envolvidos nos
ciclos biogeoquimicos e, em muitas circunstancias, sdo 0s Unicos agentes bioldgicos
capazes de regenerar formas dos elementos assimilaveis por outros organismos,
especialmente plantas, pois incorporam N por meio da fixacdo bioldgica e produzem e
liberam substancias reguladoras do crescimento vegetal, as quais contribuem para melhorar
a nutricdo mineral e utilizacdo de agua pelas plantas (Melloni R. et al. 2004, Bazzicalupo
& Okon, 2000, Madigan et al. 2000).
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Segundo Silveira et. al. (2005) e Grisi, (1995), que destacam a importancia dos
microrganismos e seus processos no funcionamento e equilibrio de ecossistemas estéo
entre os atributos microbiologicos e bioquimicos que apresentam um grande potencial de
utilizacdo como indicadores sensiveis do estresse ecoldgico destacando-se a densidade
total de bactérias, fungos, solubilizadores de fosfato, biomassa microbiana e atividade de
microrganismos heterotroficos. A biomassa microbiana do solo é definida como a parte
viva da matéria organica e além de armazenadora de nutrientes, pode servir como um
indicador répido de mudancas no solo, revelando a sensibilidade da microbiota a
interferéncias no sistema (Grisi, 1995)

Os microrganismos presentes no solo sdo responsaveis por indmeras
transformacdes na fertilidade do solo, tais como: decomposicdo e sintese da matéria
organica, mineralizagdo e imobilizacdo de nutrientes, FBN, entre outros (Michereff et al.
2005). A interacdo de bactérias com diversas culturas (arroz, soja, gramineas) tem sido
muito estudada, em razdo do seu potencial biotecnologico evidenciado no aumento da
produtividade das culturas, ocasionando uma reduc¢édo dos custos de producdo ao diminuir a
quantidade de adubos nitrogenados, e conseqgiientemente, melhorando a conservacdo dos
recursos ambientais (Kuss, 2006 ; Baldani et al., 1986)

1.3 Indicadores bioquimicos do solo

As propriedades bioldgicas e bioguimicas do solo, tais como: biomassa
microbiana, atividade respiratoria e atividade enzimatica, sdo indicadores utilizados no
monitoramento de alteracGes ambientais decorrentes do uso agricola, sendo estes,
ferramentas importantes para orientar o planejamento e a avaliacdo das praticas de manejo
utilizadas (Matsuoka et. al., 2003; Turco et al., 1994; Santana & Bahia Filho,1998; Doran
& Parkin, 1994).

A biomassa microbiana do solo, segundo (Zilli et.al., 2003; De-Polli & Guerra,
1997), permite a avaliacdo do pool de carbono e, também, de outros nutrientes, pois 0s
microrganismos estes atuam nos processos de transformacéo e imobilizacdo de nutrientes
do solo (Lisboa et. al., 2009). A razdo entre o CO, evoluido e o pool de carbono da

biomassa microbiana fornece o quociente metabdlico (qCO;), que indica o estado
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metabdlico dos microrganismos e pode ser utilizado como indicador do ecossistema (Zilli
et.al., 2003; De- Polli & Guerra, 1997). Através dessa abordagem, tem-se observado que a
biomassa microbiana responde de maneira diferenciada aos manejos agricolas adotados em
cada agroecossistema (Zilli et.al.,2003; Cattelan & Vidor, 1990; Moreira & Siqueira, 2006).

Segundo Araujo, 2008, a respiracdo microbiana do solo é um processo que reflete
a atividade bioldgica do solo, sendo definidos como a producéo de CO; ou 0 consumo de
O, como resultado de processos metabolicos de organismos vivos presentes no solo. Essa
analise € um complemento na determinacdo da biomassa microbiana, pois ela informa o
quanto esta comunidade microbiana esta ativa para uma determinada biomassa (Lisboa,
2009).

A atividade das enzimas possui elevado potencial para a avaliacdo da qualidade do
solo em sistemas agricolas, por apresentarem alta sensibilidade, permitindo avalia¢6es logo
apos a ocorréncia das perturbacbes no solo (Lisboa et.al., 2012; Gil-Sotreset al., 2005).
Dentre as enzimas mais utilizadas encontram-se B-glucosidase, arilsulfatase e a urease. A
enzima B-glucosidase é importante no ciclo do carbono, pois os produtos gerados pela
enzima servem como fonte de energia para microrganismos do solo (Araujo, 2008, Lisboa,
2009, Dick et al, 1996). A enzima arilsulfatase é importante no ciclo do fésforo, sendo
responsavel pela mineralizacdo de fosfato organico (Araujo, 2008, Frighetto & Monteiro
2000). E por fim a uréase que participa da reacdo de hidrdlise da uréia aCO, e NH?*sendo
um bom indicador de pratica de adubacao mineral e organica (Gill-Sotres et al., 2005)

Estes indicadores do solo sdo susceptiveis a variacGes de acordo com as praticas
de manejo adotadas, indicando que o sistema pode estar evoluindo para um aumento ou
reducdo da qualidade do solo. Sistemas de culturas ou pastejos determinam modificacfes
nas condicdes originais do solo, através de sua mobilizacdo e diferenciacdo no aporte de
material orgénico. Todo este conjunto de alteracdes tem reflexos sobre a microbiota do
solo e, portanto, sobre a atividade dos microrganismos e, consequentemente, na qualidade
do solo como um todo (Lisboa et. al. 2012; Vargas & Scholles, 2000).
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1.4 O acesso a diversidade bacteriana

O solo é um dos ambientes mais complexos da Terra, sendo assim é muito dificil
estuda-lo, mas ao mesmo tempo ele desperta um grande interesse porque possui a maior
diversidade bacteriana de todos os ambientes na Terra (Roesch et al. 2007). Ha evidéncias
de queumaamostra de solocontém milharesde espéciesmicrobianas e a maioriadasbactérias
do solo (99,5a 99,9%)observadaspor microscopiando podem ser isoladase cultivadas
emlaboratdrio. As bactérias isoladas representam a menor propor¢do da diversidade
bacteriana total do solo (Torsvik et al. 1990).

A aplicagdo de ferramentas e métodos de identificacdo e deteccdo molecular ajuda
a desvendar as relacdes filogenéticas das comunidades microbianas. Uma combinacgdo de
métodos, incluindo técnicas de cultivo classicas e técnicas independentes de cultivo
asseguram uma visdo abrangente da comunidade bacteriana nos diferentes ambientes
(Hartmann et al.1997,Liesack et al. 1997).

Os genes de RNA ribossomais bacterianos, especialmente de 16S rRNA séo
excelentes marcadores moleculares para estudos filogenéticos devido a sua conservacgao
funcional, sua ampla distribuicdo e por incluir regibes altamente conservadas e outras
altamente varidveis dentro da sequéncia. Esta abordagem filogenética molecular pode ser
usada tanto para identificar bactérias isoladas como para acessar a diversidade de
comunidades complexas (Amann et al. 1995, Rappe & Giovannoni 2003).

Utilizando culturas puras muitas espécies bacterianas ja foram descritas em todo o
mundo. Trosvik e colaboradores (1990), através de estudos de renaturacdo de DNA
extraido de amostras de solo, estimaram em 4.000 o ndmero de genomas bacterianos
completamente diferentes em apenas uma determinada amostra. Estes mesmos autores
concluiram que somente 0,3% das bactérias presentes no solo € cultivavel em condicGes de
laboratorio e estes dados vém sendo confirmados por estudos de hibridizagdo in situ,

utilizando oligonucleotideos como sondas (Amann et al. 1995).

Woese (1987), utilizando sequéncias de rRNA 16S e 18S causou uma revolugéo
na classificagdo dos organismos, que culminou na divisdo da vida na Terra em trés grandes
dominios: Archaea, Bacteria e Eucarya. Os microbiologistas passaram, entdo, a usar
métodos para classificagdo dos microrganismos baseados na sequéncia do rRNA 16S, sem
necessidade de cultivo (Pace, 1997). Bastava amplificar, por PCR, o rRNA 16S, extraido

diretamente do ambiente, clonar e sequenciar. Como resultado das novas abordagens de
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estudo, o dominio Bactéria passou de 12, em 1984, para de 36 divisdes, em 1991, 13 destas
sendo caracterizadas apenas por sequéncias de rRNA 16S obtidas do ambiente (Hugenholtz
et al. 1998). Enquanto algumas divisdes sdo cosmopolitas, outras parecem ser restritas a
algumas partes do globo. Noventa por cento das bactérias cultivadas pertencem a apenas
quatro divisdes: Proteobacteria, Cytophagales, Actinobacteria e Gram positivas com baixo
conteldo GC (Hugenholtz et al. 1998).

Tudo indica que ainda ha uma enorme diversidade de microrganismos a ser
descoberta. Em um trabalho publicado por Borneman e Triplett, em 1987, realizado com
solo da Amazonia, por exemplo, utilizando o sequenciamento de rRNA 16S sem cultivo,
foram sequenciados 100 fragmentos de rRNA 16S e nenhuma sequéncia havia sido
previamente descrita. Doze das sequéncias nao puderam ser classificadas em nenhuma
divisdo ja existente. E importante lembrar que uma melhor filogenia das bactérias pode ser
feita analisando-se, também, outros loci ndo ligados ao rRNA 16S, como j& esta sendo feito
com os genes fla de Borrelia e Listeria ou os genes asd de Vibrio (Palys et al. 1997).

Como dito anteriormente, 0 Bioma Pampa € um ecossistema negligenciado entre
todos que se encontram em territorio brasileiro. Desta forma, os estudos de ecologia
microbiana que busquem comecar a elucidar e aumentar e consolidar os conhecimentos a
respeito da diversidade bacteriana que ali ocorre, podem auxiliar no entendimento destes
para estudos conservacionistas e melhores praticas de manejo buscando preservar esta area.
Utilizando-se técnicas de biologia molecular poderd ser mostrado o que ocorre com a
comunidade microbiana nos diferentes tipos de manejo e as mudancas na dindmicadas

populagdes bacterianas.
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2. OBJETIVOS

Objetivo Geral

O presente trabalho teve por objetivo estudar a estrutura da comunidade

bacteriana e os indicadores bioquimicos da qualidade do solo de uma area do bioma Pampa

com cinco diferentes intensidades de pastejo: alta pressdo de pastejo, pressdo de pastejo

moderada, baixa pressao de pastejo, uma are de vegetacdo nativa e uma area de vegetacao

regenerada.

Objetivos Especificos

a)

b)

c)

d)

Isolar as bactérias potencialmente diazotréficas associadas a estes sistemas
de manejos;

Identificar as espécies bacterianas presentes nas areas com diferentes tipos
de manejo através do sequenciamento do gene 16S rRNA,;

Extrair o DNA metagendmico do solo associado a estas diferentes areas de
manejo do Bioma Pampa;

Utilizar a técnica de PCR-RFLP do gene 16S rRNA e nifH para diferenciar
as comunidades bacterianas do solo;

Utilizar indicadores bioquimicos do solo como indicadores da qualidade do
solo tendo em vista sua sensibilidade para determinar o impacto de
diferentes sistemas de manejo no solo;

Correlacionar os parametros bioquimicos com os parametros quimicos dos

solos amostrados.
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Microbial quality of a soil of the Pampa biome changed by different grazing pressures
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Abstract

The grasslands of the Pampa biome have been typically used in extensive breeding systems

of beef cattle, with little or no contribution of external inputs. In natural environments or
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with little human intervention, such as traditional grazing systems of the Pampa biome, the
soil microbiota plays a role in the ecosystem functioning. This study aimed to evaluate the
impact of different grazing pressures on the activity and diversity of soil bacteria. We
performed one long-term experiment in Eldorado do Sul, Brazil, which assessed three
levels of grazing pressure: high grazing pressure (HP), with 4% herbage allowance (HA);
moderate grazing pressure (MP), with 12% HA; and low grazing pressure (LP), with 16%
HA. Two reference areas were also assessed, an area of never-grazed native vegetation
(NG) and an area of regenerated vegetation after two years of grazing (RG). Soil samples
were evaluated for microbial biomass; B-glucosidase, arylsulfatase and urease activities;
and biochemical indicators of soil quality. The structure of the bacterial community and the
population of diazotrophic bacteria were also evaluated by RFLP of the 16S rRNA and
nifH genes, respectively. The diversity of diazotrophic bacteria was assessed by partial
sequencing of the 16S rDNA gene. The presence of grazing animals favored the soil
microbial community, and consequently, the overall geometric mean of the biochemical
characteristics was significantly higher in MP and HP. The structures of the bacterial
community and the populations of diazotrophic bacteria were changed by the different
grazing managements, with a greater diversity of culturable diazotrophic bacteria observed
in the LP treatment. Considering all the biochemical and microbiological characteristics
evaluated in this study and the history of the area, adoption of the MP treatment seems the

most appropriate for animal production and conservation of the Pampa biome.

Keywords: Grasslands, Soil Microbial Communities, Microbial Biomass, Enzyme

Activity, Diazotrophic Bacteria, Bacterial Diversity
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1. Introduction

Between the latitudes 24° and 35° S, occupying an area of 500,000 km?, lies the Pampa
biome, which covers Uruguay, the northeast of Argentina, the south of Brazil and part of
Paraguay (Pallarés et al., 2005). This biome is characterized as an ecosystem composed of
herbaceous native plants, classified as steppe in the international phytogeographic system
(Berreta, 2001). It is recognized for its great diversity, characterized by the existence of

approximately 450 grasses and 200 forage legumes (Boldrini, 2007).

Since European immigrants introduced the first herds in the seventeenth century (Bilenca
& Mifarro, 2004), livestock production has been one of the main economic activities of the
region, with the natural grassland as the feeding basis for animal production (Carvalho &
Batello, 2009). Thus, historically, the natural grasslands of the Pampa biome have been
used in extensive systems of beef cattle breeding, which are characterized by low
environmental impact, with little or no contribution of external inputs (Viglizzo et al.,
2001). However, in recent decades, the ecosystem has been threatened by the introduction
of exotic forage species, the exploitation of planted forests and the introduction of annual
crops (Carvalho & Batello, 2009). Even in areas still managed by the traditional livestock
system, there are risks associated with overstocking (Carvalho et al., 2006). Conte et al.
(2011) claim that the adjustment of the amount of animals to the herbage allowance is
critical to the sustainability of natural pastures. The authors found a decrease in labile
carbon and an increase in soil density with the reduction in the herbage allowance in an
area of the Pampa biome. In addition to the loss of soil physical quality, often resulting in
water erosion and compaction of the surface layers (Bertoli et al., 2000), excessive

stocking rate may also result in decreased plant diversity (Soares et al., 2003).
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In natural environments or environments with little human intervention, such as traditional
grazing systems of the Pampa biome, the soil microbiota plays vital roles in maintaining
the ecosystem. The cycling of organic matter, nutrient availability and formation and
stabilization of aggregates are a direct result of microbial activity, directly influencing the
productivity, diversity and composition of plant communities (Van Der Heijden et al.,
2008). Pastures grown without fertilization, in soils with low natural fertility (Streck et al.,
2008), are nutritionally poor environments, where the symbiotic microorganisms are
responsible for the acquisition of the scarce nutrients by plants (Cleveland et al., 1999; Van
der Heijden et al., 2008). Diazotrophic bacteria, for example, assume an even more
relevant role than in other agricultural systems, being the main source of N for the

vegetation (Van der Heijden et al., 2006).

Like the physical quality, the soil microbiological quality can also be affected by pasture
management. Northupa et al. (1999) found a decrease in the microbial biomass in soils
under intensive grazing. The authors attributed the result to a lower input of organic C with
increasing grazing intensity. Similarly, Holt (1997) noted that, in addition to the microbial
biomass, enzyme activity was also reduced with excessive grazing in an Australian soil.
Moreover, changes in the floristic composition of the pasture may also result in changes in
the structure of the soil microbial community, with consequences in its functionality
(Johnson et al., 2003). As the pastures are formed by a rich diversity of plants, the
consequences of changes in diversity and activity of soil microorganisms become more

unpredictable than in less complex environments, such as annual crops.

21



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

Considering the importance of the microbiological processes for the preservation of the
Pampa biome and, at the same time, for allowing their economic exploitation, this study
aimed to evaluate the impact of different grazing pressures on the microbial activity and

the diversity of soil bacteria.

2. Materials and Methods

2.1. Soil sampling

One long-term experiment, located at the Agronomic Experimental Station of the Federal
University of Rio Grande do Sul (30°05" S, 51°40" W, and 46 m altitude), in Eldorado do
Sul, Brazil, was performed. The experiment has been performed since 1986, with different
levels of grazing pressure, in an area of natural grassland representative of the phyto-
physiognomy of the fields of the center of the state (Boldrini et al., 2010), which is part of
the Pampa biome. The soil of the experimental location was a Paleudult. The area has been
maintained without any form of human intervention, except for the adjustment of the
grazing pressures, which were assessed on average every 28 days using the put-and-take

technique.

Soil samples were collected in triplicate in the 0-5 cm layer, composing a completely
randomized design. Some of the samples were intended for evaluations of microbial soil
quality, and the others were used to characterize the chemical properties of the soil by
standard methods described in Tedesco et al. (1995) (Table 1).

The treatments consisted of three levels of grazing pressure: high grazing pressure (HP),
with 4% herbage allowance (HA); moderate grazing pressure (MP), with 12% HA; and

low grazing pressure (LP), with 16% HA. Two reference areas were also evaluated: an area
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of never-grazed native vegetation (NG) and another with a regenerated vegetation (RG),
which was grazed for two years and excluded from grazing since 1988. In the experimental
unit subjected to HP, there was only one layer of vegetation, homogeneous and with a low
canopy profile, in which the most frequent species are of the genera Paspalum, Axonopus,
Piptochaetium and Coelorachis. In the other experimental units, there was an upper extract
formed mainly by species of the genera Aristida, Eryngium, Andropogon, Baccharis and
Vernonia, resulting in a bimodal pasture structure and a mosaic pattern (Corréa and

Maraschin, 1994).

2.2. Biochemical characteristic sof the soil

Soil samples were evaluated for microbial biomass (MB), according to the method
proposed by Horwathet al. (1996). The methods proposed by Dick et al. (1996) were used
to assess the activity of the enzymes B-glucosidase (carbon cycle), arylsulfatase (sulfur
cycle) and urease (nitrogen cycle). Determination of B-glucosidase and arylsulfatase
activities was based on the actions of the enzymes on their specific substrates, forming as a
product p-nitrophenol, which was quantified by colorimetric analysis. The urease
assessment was based on the release of ammonium (NH,;") by the action of the enzyme on
urea during the incubation period. NH;" was quantified by distillation and titration

according to Tedesco et al. (1995).

A geometric mean of the biochemical characteristics, adapted from Hinojosa et al. (2004)
and used as a general indicator of soil quality, was calculated using the formula GMba =
(MB x AS x B8G x Ur)” in which MB, AS, RG and Ur represent the microbial biomass and

the activities of arylsulfatase, B-glucosidase and urease, respectively. The data obtained,
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both the biochemical characteristics and the GMba, were submitted to analysis of variance
(ANOVA), and the means were compared using the Scott-Knott test (Sisvar 5.1 Build 72)

at the significance level of 0.05 (Ferreira, 2011).

2.3. DNA extraction from the soil and evaluation of the structure of the bacterial
community
The DNA from the soil was extracted from 300 mg of soil using the kit NucleoSpin® Soil
(Macherey-Nagel) according to the manufacturer’s instructions. The purified DNA was
used for the amplification reactions with primers specific for the 16S rRNA (Felskeet al.,
1999) and nifH genes (Poly et al., 2001). PCR mixes contained 50 ng of template DNA, 1x
reaction buffer, 1 U Tag DNA polymerase (Invitrogen®), 100 uM each deoxynucleotide, 1
uM each primer, 50 mM MgCl, and ultrapure water to a final volume of 25 pl.
Amplifications were performed using an initial cycle of denaturation at 94°C for 5 min,
followed by 30 cycles of denaturation at 94°C for 1 min, annealing for 1 min at 56°C (for
16S rDNA) or 55°C (for nifH) and extension at 72°C for 1 min, followed by a final
extension cycle at 72°C for 5 min. The PCR products were visualized on a 1% agarose gel
stained with Blue Green Loading Dye | (LGCBiotecnologia) and then subjected to

restriction fragment length polymorphism (RFLP) analysis.

The restriction procedure was adapted from Widmer et al. (1999) with the addition of 6 ul
of PCR product to 40 ul of a mixture of ultrapure water, 2 U of the restriction enzyme and
its corresponding buffer. The enzymes used were Haelll, Hindlll and Mspl, and the
incubation was performed at 37°C for at least 16 h to ensure complete digestion of the

PCR products. The digestion products were resolved by electrophoresis for 3 h with a
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current of 200 V in 10% polyacrylamide gels in 1x TBE buffer stained with silver nitrate.
The images of the gels were analyzed using Gel-Pro Analyzer 3.1 software, generating a
binary matrix. The matrices were analyzed with Paleontological Statistics (PAST) software
(Hammer et al., 2007), and the similarity dendrograms was quantified using the Jaccard

coefficient.

2.4. Isolation, identification and diversity analysis of culturable diazotrophs

Ten grams of soil sample was suspended in sterile saline solution (0.85% NaCl) and
incubated at 28°C with shaking for 16 h. Next, serial dilutions (up to 10°°) were made, and
0.1 ml aliquots were removed and inoculated on three semi-solid media lacking N, NFb,
LGl and LGI-P. The procedures for bacterial isolation were performed according

Ddbereiner et al. (1995).

The 100 bacterial isolates were subjected to PCR for partial amplification (approximately
450 bp) of the 16S rRNA gene (Felske et al., 1999). The amplification products were
sequenced in the ACT-Gene Laboratory (Center of Biotechnology, UFRGS, RS, Brazil)
using an automatic sequencer (ABI-PRISM 3100 Genetic Analyzer 50 cm capillary,
Applied Biosystems). The 16S rRNA sequences were analyzed using the BLASTN

program (NCBI BLAST® 147 homepage).

Using PAST, the Shannon diversity index (H’, Shannon and Weaver, 1949), the
dominance (D) and the equitability (J) were calculated from the number of isolates
belonging to each taxon. Principal coordinate analysis (PCA) was used to determine the

statistical correlations between soil properties and population diversity.

25



189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

3. Results

3.1. Biochemical characteristics indicative of the soil quality

The biochemical properties of the soils were significantly influenced by the different
grazing management, as summarized in Table 2. The NG vegetation had the lowest values
for all biochemical parameters evaluated, similar to those observed in the LP treatment.
The overall geometric mean of the biochemical characteristics was significantly higher in

the MP and HP treatments.

3.2. Bacterial diversity of the soil

The structure of the soil bacterial community was assessed by RFLP on the amplification
products of the 16S rRNA and nifH genes (Fig. 1). The diversity of culturable diazotrophic
bacteria was also analyzed by partial sequencing of the 16S rRNA gene (Table 3). The
analysis of the RFLP profiles of the 16S rRNA gene revealed a distinct structure of
bacterial communities in the different treatments. The NG treatment replicates were
grouped in an isolated cluster, with approximately 60% similarity with the other profiles. A
second subdivision, with nearly 70% similarity, contained the samples of the HP treatment.
Samples of the MP, LP and NG treatments showed a more similar profile with each other,

above 80% similarity.

The RFLP profiles of the nifH gene showed a more complex pattern, revealing more
variability between treatments and between replicates of some treatments. The LP
treatment differed from the others, forming a separate cluster, with a little over 20%
similarity. The NG treatment also formed an isolated cluster, with approximately 50%

similarity with the other treatments, which showed over 60% similarity with each other.

26



213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

The assessment of the diversity of culturable diazotrophic bacteria confirmed the presence
of diverse populations in the different treatments. Burkholderia and Enterobacterwere the
most ubiquitous bacteria, being identified in all treatments, with 51 and 30 isolates,
respectively. The smallest number of taxa was observed in HP, where only these two
genera were identified, while in the LP treatment seven genera were identified. The LP
treatment also showed the highest H’, the lowest D and the highest J, contrasting again

with HP.

3.3. Relationships between the chemical properties and the biochemical characteristics of
the soil
PCA was used to investigate the relationships between the biochemical characteristics and
the chemical properties of the soil under the different treatments. The main components of
the PCA (PC1 and PC2) explained 86.2% of the total data variation, with PC1 counting for
49.1% and PC2 for 37.1% (Fig. 2). The MP and HP treatments were positioned on the left
in PC1 and were more associated with the biochemical characteristics. The urease activity
was associated with the soil pH, while the other biochemical characteristics were
associated with OM and the P content of the soil. This observation was supported by the
fact that significant positive correlations were also found between OM and the activities of
arylsulfatase (r = 0.96; p = 0.0078) and B-glucosidase (r = 0.92; p = 0. 0254). In the
opposite position in PC1 were the NG and LP treatments. The diversity of the diazotrophic

bacteria was related to the clay and basic cation (Ca**, Mg?* and K*) contents.
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4. Discussion

In this study, we investigated the long-term effects of increasing grazing pressures on the
microbial quality of a soil compared with two control areas maintained without grazing.
All analyzed variables were significantly affected by the treatments, showing that the

presence of cattle was beneficial in terms of microbiological quality of the soil.

The microbial biomass increased with the increase in grazing intensity and in the number
of animals per area in the MP and HP plots. Similarly, Wang et al. (2006) observed an
increase in microbial biomass in areas under intensive grazing in comparison with an area
excluded from grazing. Likewise, lyyemperumal et al. (2007) observed an increase in
microbial biomass with the increase in dejection deposition in grassland ecosystems, which
increases with the number of animals per area. The waste deposited in the soil by grazing
animals may stimulate the microbiota for being a labile organic matter, more readily
available than the original plant material (Prieto et al., 2011). Grazing also promotes the
growth and renewal of the plant root system, with a consequent increase in the rhizosphere
effect. Hamilton et al. (2008) observed that defoliation, simulating what occurs during
grazing, increased by 1.5 times the production of root exudates of Poapratensis, resulting

in a proportional increase in the microbial biomass.

The soil enzymatic activity controls the cycling of nutrients through the processes of
mineralization of OM and constitutes an important indicator of the functional capacity of
the soil (Mijangos et al., 2006). R-Glucosidase, urease and arylsulfatase participate in the
cycles of C, N and S, respectively. The activities of these hydrolytic enzymes have been

widely used in assessments of soil quality because they are highly sensitive to disturbances
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in the soil (Bandick and Dick, 1999; Matsuoka et al., 2003). Our results show that the
enzyme activity followed the same trend as the microbial biomass and the GMba, as it was
higher in the MP and HP treatments compared with the LP and NG treatments. Similar
results were obtained by Esch et al. (2013), who observed a linear increase in enzymatic
activity with increasing grazing pressure. As discussed for microbial biomass, the
enzymatic activity is favored by the deposition of animal dejections (Bol et al., 2003) and
the rhizosphere effect (Reddy et al., 1987). Previous studies performed in the same area
showed a linear increase in root mass of native grassland with increasing grazing pressure

(Conte et al., 2011), which seems to be accompanied by increased enzymatic activity.

The microbial community structure was also altered by the treatments. Regarding the
bacterial community in general, the NG area had a completely different structure. These
non-grazed areas often have microbial communities different from the grazed areas (Frank
et al., 2003; Ford et al., 2013), and the changes caused by grazing seem to occur more
rapidly than an eventual recovery of the original structure after interruption of grazing

(Attard et al., 2008).

On the other hand, another treatment that was distinguishable from the others in terms of
microbial community structure was HP. A similar result was observed by Zhou et al.
(2010), who found that microbial communities of non-grazed areas and intensely grazed
areas were different from those of areas under moderate and low intensities of grazing. It is
expected that the presence of grazing animals will alter the microbial community structure
mainly by modifying the composition of the plant community and by modifying the

contribution of organic C, especially the labile fraction (Attard et al., 2008). As revealed
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by previous studies carried out in the same experimental area, the treatments applied over
the years differ both with respect to their floristic composition and in relation to the
availability of labile C. In both aspects (considered crucial to the microbial community
structure), the HP treatment differed dramatically from the others, presenting a smaller
plant diversity (Corréa and Maraschin, 1994) and a reduction in the soil labile organic C

(Conte et al., 2011).

Due to its importance for the functioning of a managed ecosystem without the contribution
of external inputs, the structure of the diazotrophic bacteria community was assessed by
the procedure proposed by Poly et al. (2001). Just as those authors observed that the nifH
gene pool was different in soil under cultivation compared with a natural pasture, we
observed the effect of grazing on the structure of the nitrogen-fixing community.
Compared with the 16S rRNA gene, the RFLP on amplification products of the nifH gene
produced results with higher variability. Additionally, more than the NG treatment, the LP
soil stood out compared to the others. These results are consistent with reports that the
composition of the nifH gene pool varies between soils and between microenvironments

within a soil (Widmer et al., 1999; Poly et al., 2001; Soares et al., 2006).

The presence of a distinct community in the LP treatment was confirmed by the analysis of
culturable diazotrophic bacteria. In this treatment, the largest number of genera, the highest
H’, the lowest D and the highest J were identified, indicating that the nitrogen-fixing
microorganisms benefitted from both the diversity of plant species and the presence of

animals in this plot.
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The diversity of diazotrophic bacteria has been attributed to several abiotic factors
(Reardon et al., 2014). In this study, PCA revealed an association with the soil texture and

aspects related to soil fertility, most notably the presence of the basic cationsCa, Mg and K.

In a previous study carried out in the same area, Conte et al. (2011) observed an increase in
density and a reduction of labile carbon with the most intensive grazing, suggesting that
this treatment would result in a loss of soil quality. This trend was not confirmed in our
study, demonstrating that the natural grasslands of the Pampa biome are complex systems,
in which the reduction of a soil quality indicator will not necessarily be accompanied by
the reduction of others. However, considering the set of biochemical and microbiological
characteristics evaluated in the present study and the history of the area in terms of
individual animal performance (Mezzalira et al., 2012), chemical and physical
characteristics of the soil (Conte et al., 2011) and floristic composition (Corréa and
Maraschin, 1994), the adoption of the MP treatment seems the most appropriate for animal

production and conservation of the Pampa biome.

5. Conclusion

This study evaluated the microbiological quality of a soil of the Pampa biome under
different grazing intensities. In general, the presence of grazing animals was beneficial for
the soil microbial community. Higher intensities of grazing favored the increase in
microbial biomass and the enzymatic activity. The lowest grazing level showed a greater
diversity of diazotrophic bacteria. New studies on the microbial diversity in pastures of the
Pampa biome are underway and will improve our understanding of the effects of different

grazing intensities on the microbial community in soils of this complex ecosystem.
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475  Table 1 - Soil chemical properties under different grazing pressures.

476

SAMPLE Clay OM  pH Pexc Kexe Al Catexe M0exc

% % H,O (mg/dm®) (mg/dm®) (Cmol/dm®) (CmolJ/dm® (CmolJ/dm?)

NG 21 1.9 4.8 14 104 0.9 0.1 0.6
RG 30 2.9 44 2.2 128 1.4 0.3 0.7
LP 28 2.5 4.7 1.4 138 0.8 0.9 0.8
MP 19 3.6 5.0 2.2 79 13 0.1 0.5
HP 22 25 4.9 14 75 1.2 0.3 0.7

477  OM: organic matter content; exc: exchangeable
478 NG = never-grazed native vegetation; RG = regenerated vegetation; HP = high grazing

479  pressure; MP = moderate grazing pressure; LP = low grazing pressure
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480

481

482
483

484
485

486

Table 2 — Biochemical characteristics of the soil under different grazing pressures.

Sample Microbial biomass  Arylsulfatase ~ p-Glucosidase  Urease GMba
mg kg™ mg p-hitrophenol kg soil ™ h™ mg NH," kg soil T h™

NG 165° 12.9° 3.1° 29.4° 21.0°

RG 2552 20.2° 5.0° 21.2° 27.2°

LP 191° 16.3° 3.4° 31.1° 23.9°

MP 249° 21.6° 6.9° 31.1° 32.7°

HP 250° 16.2° 5.0° 46.7 2 31.1°

Means in the same column followed by the same letter do not differ from each other by the Scott-Knott test at
the significance level of 0.05.

NG = never-grazed native vegetation; RG = regenerated vegetation; HP = high grazing
pressure; MP = moderate grazing pressure; LP = low grazing pressure
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487  Table 3 - Diversity of diazotrophic bacteria in soil under different grazing pressures.

488
Sample
NG RG LP MP HP Total
Taxa Numberofindividuals
Enterobactersp. 11 6 4 5 4 30
Pantoeasp. 2 - - - - 2
Klebsiellasp. 1 - - - - 1
Burkholderiasp. 6 9 6 14 16 51
Pseudomonassp. - 1 3 1 - 5
Achromobactersp. - 2 - - - 2
Erwiniasp. - 1 - - - 1
Serratiasp. - - 2 - - 2
Ochrobactrumsp. - - 2 - - 2
Acetobactersp. - - 2 - - 2
Reichenowiasp. - - 2 - - 2
Diversity index
H' 1.07 1.27 1.77 0.75 0.50
D 0.40 0.34 0.19 0.55 0.68
J 0.77 0.79 0.91 0.68 0.72 100

489 H’ = Shannon diversity index; D = Dominance; J = Equitability

490 NG = never-grazed native vegetation; RG = regenerated vegetation; HP = high grazing pressure;
491  MP = moderate grazing pressure; LP = low grazing pressure

492
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Fig. 1Dendrograms generated from RFLP profiles of the 16S rDNA (a) and nifH genes (b)
from DNA isolated from soil under different grazing intensities. NG = never-grazed native
vegetation; RG = regenerated vegetation; HP = high grazing pressure; MP = moderate

grazing pressure; LP = low grazing pressure
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Fig. 2 Principal component analysis of the chemical, biochemical and microbiological
characteristics of soil under different grazing intensities. NG = never-grazed native
vegetation; RG = regenerated vegetation; HP = high grazing pressure; MP = moderate
grazing pressure; LP = low grazing pressure; MB = microbial biomass; AS =

arylsulfatase; SSG = 3-glucosidase; Ur = urease
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4- Conclusfes Gerais

¢ Presenca de animais para pastagem nos campos foi benéfica para a comunidade

bacteriana do solo;

¢ Intensidades maiores de pastejo, moderado e alto, favoreceram 0 aumento da

biomassa microbiana e a atividade enzimatica;

¢ O baixo pastejo foi o campo que apresentou maior diversidade de bactérias
diazotroficas;

¢ Como perspectiva futura, acredita-se que a continuidade do presente trabalho, com a
avaliacdo da comunidade bacteriana por sequenciamento de nova geracdo (NGS),
permitira uma compreensdo mais aprofundada dos efeitos das diferentes intensidades de

pastejo sobre a comunidade microbiana em solos sob pastagem nativa no bioma Pampa.
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