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ABSTRACT

The intensive use of tropical soils for food production has as consequence the modification
of the soil environment from management schemes which may improve or reduce its
quality. The adoption of more diversified management systems such as crop-livestock (CL)
integration with crop rotation and the use of mechanized harvesting of sugarcane (SC)
necessitates increased knowledge about the functional diversity within the soil in these
agricultural and livestock production systems. Biological processes are related to physico-
chemical characteristics, management practices and soil type, texture, temperature,
humidity and plant residue diversity. The present work had as general objective to evaluate
the influence of different production systems and their soil management practices,
established in two agricultural and livestock farms, on the invertebrate fauna of the soil and
microbial structure. This thesis is composed of four chapters with the following objectives:
(i) general considerations; (ii) evaluate the terrestrial invertebrate community under
management systems involving agricultural and livestock activities and the relationships of
environmental variables of these systems with the soil invertebrate faunal communities;
(iii) evaluate the effect of different systems of agricultural and livestock management on
the microbial community abundance and the composition of denitrifier nirK communities;
and (iv) final considerations. The invertebrate fauna was evaluated through the diversity of
functional groups, density and richness of organisms, and environmental variables of the
soil. Soil functional biology was evaluated using molecular approaches (DGGE and real
time-gPCR) and soil physical-chemical properties. The crop-livestock integration system
and the mechanized harvesting of sugarcane can fit into a planned biodiversity program,
where the plant residue cover enriches the soil and assists in the development of soybean,
corn and sugarcane intercrop systems. In addition, as an indirect function, these
management systems provide greater diversity of functional groups and establishment of
invertebrate fauna considered rare or soil specialists, as well as colonies of ants
characterizing the forest fragments. Richness and diversity of soil nirK community is
reduced with the transition from a forest to the agricultural and livestock production in
tropical soil. However, the management systems under integrated crop-livestock farming
and cultivation of sugarcane with mechanized harvesting maintain a relatively diverse
community, possibly with conditions promoting balance in the N cycle. Maintaining
fertility associated with better management practices stimulates the soil nirK community
composition. In addition, management systems with the second year of crop rotation after
pasture (CL-c), the third year of crop rotation after pasture (CL-d), mechanized harvesting
of sugarcane (SC) (farm A) and (B farm) the second year of the crop-livestock integration
system (CL-2) and the third year of the crop-livestock integration system (CL-3) deserve
special attention because they have maintained microbial communities and greater fertility
from soil. On the other hand, fields under pasture (CL-a) and continuous pasture (CP)
reduced the diversity of the nirK community.

KEYWORDS: Soil biology, crop-livestock integration, nirK gene, soil invertebrate biota.



RESUMO

O uso intensivo de solos tropicais para a producdo de alimentos tem como consequéncia a
modificagdo do ambiente do solo em sistemas de manejos que podem melhorar ou reduzir
sua qualidade. A partir da adocdo de sistemas de manejo mais diversificados, como a
integracdo lavoura-pecuéria (CL), com a rotacdo de culturas e o uso de colheita
mecanizada de cana-de-aclcar (SC), altera a dindmica da diversidade funcional do solo,
requerendo maior conhecimento sobre alguns processos que ocorrem nesses sistemas
agropecuarios. Os processos biolégicos estdo relacionados as caracteristicas fisico-
quimicas, praticas de manejo e tipo de solo, textura, temperatura, umidade e diversidade de
residuos vegetais. O presente trabalho teve como objetivo geral avaliar a influéncia de
diferentes sistemas de producdo e suas praticas de manejo de solo, estabelecido em duas
fazendas, na fauna invertebrada de solo e estrutura microbiana. Esta tese é composta por
quatro capitulos com o0s seguintes objetivos: (i) consideracbes gerais; (ii) avaliar a
comunidade de invertebrados do solo sob sistemas de manejo envolvendo atividades
agropecudrias e a relevancia das variaveis ambientais desses sistemas na estrutura de
invertebrados do solo; (iii) avaliar o efeito de diferentes sistemas de manejo agropecuario
sobre a abundancia de comunidades microbianas e a composicdo das comunidades
desnitrificadoras nirK; (iv) consideracdes finais. Para a fauna invertebrada do solo foi
observado a diversidade de grupos funcionais, densidade e riqueza dos organismos, alem
das variacbes ambientais. A biologia molecular do solo foi avaliada por meio de
comunidades microbianas funcionais (DGGE e qPCR em tempo real) e das propriedades
fisico-quimicas do solo. O sistema de integragdo lavoura-pecuaria e a colheita mecanizada
de cana-de-acucar podem enquadrar-se em um programa de biodiversidade planejado,
onde o sistema de cobertura enriquece o solo e auxilia no desenvolvimento das culturas de
soja, milho e cana-de-acucar. Além disso, com uma funcdo indireta, esta cobertura
proporciona maior diversidade de grupos funcionais e estabelecimento de fauna
invertebrada considerada rara ou especialistas em solo, bem como colénias de formigas
originarias dos ambientes ecossistémicos em fragmentos florestais. A riqueza e a
diversidade da comunidade nirk é reduzida com a transicdo de floresta para a producdo
agricola e pecuéaria em solo tropical. No entanto, o sistema de gestdo sob cultivo integrado-
pecudria e cultivo de cana-de-aclcar com colheita mecanizada mantém uma comunidade
relativamente diversa, possivelmente com condi¢Bes que promovem o equilibrio do ciclo
do nitrogénio (N). A manutencdo da fertilidade associada a melhores préaticas de manejo
estimula a composi¢do da comunidade nirK do solo. Além disso, os sistemas de manejo
com o segundo ano de rotacdo de culturas apos a pastagem (CL-c), o terceiro ano de
rotacdo de culturas apos a pastagem (CL-d), colheita mecanizada da cultura de cana-de-
acucar (SC) (fazenda A) e o (fazenda B) segundo ano do sistema integracdo lavoura-
pecuaria (CL-2) e o terceiro ano do sistema d integracdo lavoura-pecuaria (CL-3) merecem
atencdo especial, pois mantiveram comunidades microbianas e maior fertilidade do solo.
Por outro lado, os campos sob pastagem (CL-a) e pastagem continua (CP) reduziu a
diversidade da comunidade nirK.

PALAVRAS-CHAVE: biologia do solo, integracdo lavoura-pecuaria, gene nirK, biota
invertebrada do solo.
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CHAPTER 1 - GENERAL CONSIDERATIONS

1.1 General Introduction

The constant challenge of agriculture is to achieve high levels of productivity
within a context of sustainability of natural resources (soil and water). Within this
dimension of production the use of conservationist systems such as crop-livestock
integration (CL) and the mechanized harvest of sugarcane (SC) are inserted. The rotation
of fields with Brachiaria pastures, cultivated with soybean or corn, in CL and the largest
volume of vegetal residues in the fields in SC, have presented significant results regarding
productivity increase and stability of production (LEAL et al., 2013, FRANZLUEBBERS
et al., 2014). These management scenarios have aroused the interests of researchers in the
search for functional understanding of the soil complex, with the goal of maximizing
sustainability and crop productivity (MORALES et al., 2010; BARTZ et al., 2014).

In general, the soil complex is described as an interacting system, where the flow of
matter and energy is controlled by its internal processes and, above all, by its relations with
the external environment (KANTER et al., 2016). In this environment, the biological
dynamics are related to the source of energy and matter, together with residues of plants,
animals and root exudates (DORAN & PARKIN, 1994; BROWN et al., 2007). The
different residues deposited in the soil are gradually transformed into organic matter (OM)
mainly by the action of the soil organisms, and OM can interact with the mineral fraction
in the process of soil aggregation (ROSCOE et al., 2006; RESENDE et al., 2013).

Soil management systems with permanent or rotational pasture with no-tillage
systems favor the formation of larger stable aggregates in relation to systems only with
crops or with rotating crops with pastures in cycles greater than three years (SALTON et
al., 2008). The necessary energy for the formation of these larger aggregates comes mainly
from the growth of fungi and roots and from the mechanical action of soil invertebrate
fauna such as termites, ants and earthworms, through feeding, excavation, formation of
tunnels, and the presence of organic matter (LAVELLE & SPAIN, 2001).



In addition, microorganisms (denitrifying bacteria) may also contribute to the
nitrogen cycle process in the soil, through a diverse subset of facultative anaerobic bacteria
that participate in various reductions in the nitrate (NO’3) pathway for nitrite (NO*,) and
possibly for molecular nitrogen (N;) (KOCH et al., 2015). Nitrogen retention in soil and
cycling are important for plant growth and development (PHILIPPOT & HALLIN, 2006).

This dynamic system results in the degree of soil management and the complexity
of its relationships, which results in a level of soil quality, a capacity for the system to
withstand disturbances, infiltration and storage of water, aeration, and level of soil
structure or compaction. Soils facilitating root growth with an environment of chemical,
physical and biological balance consequently tend to have better conditions for the
development of plants (BAYER, 2004; CHAER et al., 2009).

In order to better understand soil processes, the use of soil biological indicators,
such as functional evaluation of microorganisms or the invertebrate fauna community, has
been proposed (ROUSSEAU et al., 2013; LONG et al., 2014). We note the importance of
greater efforts in research on the processes involved for the conservation of production
systems and conserving the natural resources, such as the maintenance of soil quality
(TILMAN et al., 2011). Soil sustainability in production systems depends on the dynamics
between soil-plant systems (VEZZANI & MIELNICZUK, 2009), which may reflect
greater economic viability (productivity and quality of the generated products).

In order to understand the richness, density, diversity and community composition
of functional bacteria populations and invertebrate fauna in tropical soils, two agricultural
and livestock farms with different management systems in Brazil were studied. The
objective of CHAPTER 2 was to evaluate the community of terrestrial invertebrates under
management systems involving agricultural activities and the relevance of the
environmental variables of these systems on the invertebrate community composition.
CHAPTER 3 has the objective to evaluate the effect of different agricultural management
systems on the abundance of bacterial communities and the composition of the denitrifier

communities.
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ABSTRACT

Soil invertebrate fauna contribute to decomposition and nutrient cycling and are useful
ecological indicators of soil quality. The objective of this study was to evaluate the
terrestrial invertebrate community under management systems involving agricultural and
livestock activities and the relationship of environmental variables in the structure of soil
invertebrate fauna. The study was conducted in the southern region of Mato Grosso do Sul
State, Brazil, in January 2014 in Hapludox soil. Two farms utilizing agricultural and
livestock activities were evaluated. Farm A had fields with the following: third year
pasture (CL-a), first year of crop rotation after grazing (CL-b), second year of crop rotation
after grazing (CL-c), third year of crop rotation after grazing (CL-d) and sugarcane with
mechanized harvesting (SC). Farm B had fields in the second year of crop-livestock
integration cycle (CL-2), third year of crop-livestock integration cycle (CL-3), no-tillage
(NT), sugarcane with mechanical harvesting (SC-b), and continuous pasture (CP). In both
farms (A and B), a forest fragment (F and F-b, respectively) was included in the study as a
reference soil of the region. The crop-livestock integration system and mechanized
harvesting of sugarcane provide greater diversity of functional groups and establishment of
invertebrate fauna considered rare or soil specialists. The effect of soil compaction,
decreased nutrient content and less volume and diversity of plant residues may be factors
related to the decline of soil functional diversity.

KEYWORDS: Ants, agroecosystems, bio-indicators, crop rotation, functional groups.
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BIOTA INVERTEBRADA DO SOLO INDICA BENEFICIOS DA
INCORPORACAO DO SISTEMA INTEGRACAO LAVOURA-PECUARIA EM
MANEJOS AGRICOLAS

RESUMO

A fauna de invertebrados do solo contribui para a decomposicgéo e ciclagem de nutrientes,
como também é indicador ecolégico til da qualidade do solo. O objetivo deste estudo foi
avaliar a comunidade de invertebrados do solo sob sistemas de manejo envolvendo
atividades agropecuarias e a relevancia de varidveis ambientais desses sistemas na
estrutura de fauna invertebrada do solo. O estudo foi realizado na regido sul do Estado de
Mato Grosso do Sul, Brasil, em janeiro de 2014, em Latossolo Vermelho distroférrico de
textura muito argilosa. Foram avaliados dois cenarios envolvendo atividades
agropecudrias. Fazenda A: pastagem sob terceiro ano do ciclo integracdo lavoura-pecuaria
(CL-a), primeiro ano de rotacdo de culturas apdés a pastagem (CL-b), segundo ano de
rotacdo de culturas apos a pastagem (CL-c), terceiro ano de rotacdo de culturas apos a
pastagem (CL-d) e cana-de-agucar com colheita mecanizada (SC). A fazenda B: campo
com segundo ano do sistema integracdo lavoura-pecuéria (CL-2), terceiro ano do sistema
integracdo lavoura-pecuédria (CL-3), plantio direto (NT), cana-de-agicar com colheita
mecanizada (SC) e pastagem continua (CP). Em ambas 0s cendrios agricolas e pecuarios
(A e B), um fragmento florestal (F e F-b, respectivamente) foi incluido no estudo como um
solo de referéncia da regido. O sistema de integracdo lavoura-pecuaria e a colheita
mecanizada de cana-de-agucar proporcionam maior diversidade de grupos funcionais e
estabelecimento de fauna invertebrada considerada rara ou especialistas em solo. A
compactacdo do solo, menor teor de nutrientes e menor volume e diversidade de residuos
vegetais podem ser fatores relacionados ao declinio da diversidade funcional do solo.

PALAVRAS-CHAVE: formigas, bioindicador, agroecossistemas, rotacdo de culturas,
grupos funcionais.

2.1 Introduction

The development of the agricultural and livestock sector for food production has
reduced production costs by increasing crop yields (FRANZLUEBBERS et al., 2014).
However, land use for the production of grains and meat has fragmented natural
ecosystems and changed the vegetative composition from native species, which are

important in the framework for conservation of flora and fauna (ZIMMERER, 2010). In



Brazil, as in other countries, intensification of the production process has negatively
affected the biodiversity of organisms (ROGER-ESTRADE et al., 2010). Furthermore,
these changes have also been shown in soil featuring an artificial and unstable environment
that requires the use of fertilizers, correctives, pesticides and growth regulators (KASSAM
et al., 2015).

The type of management system adopted is important because different
agroecosystems have presented different richness and diversity of organisms (ROUSSEAU
et al., 2010; BARTZ et al., 2014). Considering conservation management, we can highlight
the integrated crop-livestock (CL) system of crop rotation into Brachiaria pastures
cultivated with soybean or corn (SALTON et al., 2014). The sundry residues deposited on
the soil surface gradually increase soil organic matter (SOM), facilitated through the action
of soil organisms (RESENDE et al., 2013), and provide nitrogen, improve nutrient
availability, alleviate compaction, and conserve soil moisture. Moreover, the formation of
aggregates may result from crop rotation (SALTON et al., 2008), and the mechanical
action of soil invertebrates such as termites, ants and earthworms (BROWN et al., 2007).
Furthermore, these systems can contribute to soil quality and increase the capacity of the
soil system to withstand disturbances (TURMEL et al., 2015).

For a better understanding of soil processes in systems involving agricultural and
livestock activities, the use of indicators of soil quality has been proposed (DORAN &
PARKIN,1994; PAOLETTI, 2012; SANABRIA et al., 2014) as a strategy to monitor the
environment and assess the quality of processes and products for potential use in
agriculture (SPIEGEL et al.,, 2015). This model allows the researcher to infer the
environmental quality or effect of an agent on parameters (KANTER et al. 2016). Among
potential indicators, invertebrate soil fauna feature a wide variety of forms, behavior, size,
and foraging strategies (food and excavation) (ROUSSEAU et al., 2013).

These organisms play a key role in the functioning of the ecosystem because they
occupy different trophic levels in the soil food chain and can modify their environment by
participating in biogeochemical cycles and contribute to the soil structural development
(COLEMAN, 2004). Changes in invertebrate soil fauna can be evaluated for quantitative
aspects (density and richness) and diversity of functional groups of soil organisms; both
have been used as potential bio-indicators of soil quality, providing a sense of their current
status and changes induced by biotic and abiotic factors over time (GERLACH et al., 2013;
ROUSSEAU et al., 2013). Thus, diversity and density of soil invertebrate fauna can serve
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as an indicator of soil quality in determining the biological conditions of the soil
production systems (VAN LEEUWEN et al., 2015). The interactions that these biological
communities have with the chemical and physical processes in soils are essential to ensure
the maintenance of soil quality for agricultural and livestock activities (LAVELLE et al.,
2006).

However, there is little knowledge of invertebrate soil fauna as related to organic
matter content and physical and chemical parameters with changes in the environment
from the management activity conducted across different tropical agricultural production
systems. While there is more known about individual properties under different
management systems, there is a need to assess the interaction of indicators (DECAENS,
2010), especially in soils occupied with agricultural and livestock activities. A better
understanding of soil processes, including the flow of energy and recycling of nutrients,
can help support the paradigm for sustainable management practices and therefore the
maintenance of soil quality (BRIONES, 2014).

Thus, the hypotheses for this study were that: i) soil invertebrate diversity will
decline with loss of invertebrate functionality under different agricultural management
systems; and ii) changes in the faunal community could be explained by changes in
physical and chemical soil properties. This study aimed to assess whether soil biological
parameters are promoted by different agriculture systems and to investigate the
relationships of soil physical and chemical properties in explaining the loss of soil

biodiversity in agriculture management systems.

2.2 Materials and methods

2.2.1 Field sites

Fields from two farms in the southern region of Mato Grosso do Sul State, Brazil
were investigated. Soil at both farms is classified as Hapludox according to the Brazilian
System of Soil Classification - SIBCS (EMBRAPA, 2013). The climate of the region is

classified as Cwa, humid mesothermal with warm summer and dry winter (FIETZ &



FISCH, 2008). To support the discussion and understanding of the results, precipitation

and temperatures were recorded throughout the experimental period (Figure 1).
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Figure 1. Precipitation and temperatures recorded during soil sampling in the region of Maracaju, Mato
Grosso do Sul, Brazil. Centro de Previsdo de Tempo e Estudos Climéticos - CEPTEC. Nov./2013: 1° Dec (1
to 10 days), 2° Dec (10 to 20 days), 3° Dec (20 to 30 days); Dec./2013: 1° Dec (1 to 10 days), 2° Dec (11 to
21 days), 3° Dec (21 to 31 days); Jan./2014: 1° Dec (1 to 10 days), 2° Dec (11 to 21 days), 3° Dec (21 to 31
days); Feb./2014: 1° Dec (1 to 10 days), 2° Dec (10 to 18 days), 3° Dec (18 to 28 days). Averages of
precipitation and temperature evaluations at approximately every ten days in the month.

In farm A (Figure 2, Table 1), the main management is the integrated crop-
livestock (CL), managed in succession with no-tillage between pasture (Brachiaria
brizantha cv.) and row crops. Two or three years of pasture are followed by three years of
soybean in the summer and corn with Brachiaria ruziziensis cv. in the winter. At the time
of sampling, the field that was in its third year of pasture is denoted CL-a, while the field
occupied by the first year of soybean after two years of grazing is named CL-b. The field
that was in its second year of soybean is CL-c and the field that was in its third year of
soybean is CL-d. Samples from the sugarcane fields continuously cropped for 5 years to
variety SP-81-3250 with green harvest are labeled SC. Soil was also collected from a forest

fragment (F) as a reference for native soil conditions.

In farm B (Figure 2, Table 1), two additional management strategies were sampled:
no-till (NT) production has been utilized since 2009 and there is also continuous pasture
(CP) of Brachiaria brizantha stapf cv. with cattle grazing in rotation according to the

amount of dry matter in pastures (15-20 cm grass height).
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Figure 2. Maps of agriculture and livestock management at two farms (A) and (B) in the region of Maracaju,
Mato Grosso do Sul, Brazil. Farm A: CL-a, crop-livestock integration system: third year pasture; CL-b, first
year of crop rotation after grazing; CL-c, second year of crop rotation after grazing; CL-d, third year of crop
rotation after grazing; SC, sugarcane with mechanized harvesting. F, forest fragment. Farm B: CL-2, second
year of crop-livestock integration cycle; CL-3, third year of crop-livestock integration cycle; NT, no-tillage;
SC-b, sugarcane with mechanized harvesting; CP, continuous pasture; F-b, forest fragment.

Table 1. Rotation succession for each field in farms A and B from winter 2009/2010 through 2013/2014.
Fields (ha) *DMZ 09/10 2010 10/11 2011 11/12 2012 12/13 2013 **13/14
kg/m Farm (A) agriculture and livestock
CL-a 1305 0.4c Soyb. C+B. Soyb. C+B. B.ruz. B.ruz. B.ruz. B.ruz. B.ruz.
CL-b 701 0.7bc Soyb. C+B. Soyb. C+B. B.ruz. B.ruz. B.ruzi B.ruz.  Soyb.
CL-c 964 09ab B.ruz. B.ruz. B.ruz. B.ruz. B.ruz. B.ruz. Soyb. C+B. Soyh.
CL-d 237.0 1.0ab B.ruz. B.ruz. B.ruz. B.ruz. Soyb. C+B. Soyb. C+B. Soyh.
SC 26.4 138D Sugarcane, SP 81 3250........cccccovrvnnrennieseeneennns
F 17.3 148 Forest fragment. ...........cccooeviniiennnee e
Farm (B) agriculture and livestock
CL-2 1035 0.8bc Soyb. Corn Soyb. Corn Soyb. Corn Soyb. B.ruz.  Soyb.
CL-3 59.1 1.0b Soyb. Corn Soyb. Corn  Soyb. B.ruz. Soyb. B.ruz.  Soyb.
NT 122.4 0.8bc Soyb. C+B. Soyb. C+B. Soyb. C+B. Soyb. C+B. Soyh.

SC-b  101.2 13ab Soyb. Corn ., Sugarcane, SP 80 1842...........cccccovvviveieveeiinnnn.
CpP 915  0.3C e Brachiaria brizantha Stapf cv..........ccocooveeviee
F-b 25.8 178 e Forest fragment ...........

Farm A: CL-a, crop-livestock integration system: third year pasture; CL-b, first year of crop rotation after
grazing; CL-c, second year of crop rotation after grazing; CL-d, third year of crop rotation after grazing; SC,
sugarcane with mechanized harvesting. F, forest fragment. Farm B: CL-2, second year of crop-livestock
integration cycle; CL-3, third year of crop-livestock integration cycle; NT, no-tillage; SC-b, sugarcane with
mechanical harvesting; CP, continuous pasture; F-b, forest fragment. Soyb., Soybean; B.ruz., Brachiaria
ruziziensis cv. Common; C+B., Corn grown in consortium with Brachiaria ruziziensis cv. Common. *DM =
Crop dry matter, (n=5). **Time of soil sampling. Values with different letters in the column differ
significantly by Duncan test (p<0.05) (n=5).

The NT system has been in place with the rotation of soybean during the summer
and the winter cultivated in corn grown in consortium with Brachiaria ruziziensis cv. Since
the 2010/2011 season (i.e. fourth year), there has been green harvesting of sugarcane (SP-
80 1842) (SC-b), and in 2011/2012 the crop-livestock integration (CL) began (Table 1).

10



Before the CL system deployment, fields were planted with soybean under no-tillage in
summer and corn during the winter. Two fields were evaluated in CL: a field that was in its
second year of soybean cycle after the first winter pasture (CL-2), and a field that was in
the third year of soybean cycle in summer with pasture in winter (CL-3). Soil of a forest
fragment (F-b) was included as a reference of the original soil condition.

In both farms (A and B) systems with pasture Bovine (CL-a and CP) were
conducted under of grazing adjusted to 7% (7 kg of material mass dry forage to 100 kg live
weight per day).

2.2.2 Sampling of soil invertebrate fauna

The invertebrate fauna was collected in different cropping systems (January 2014)
in five equidistant points along the 300 m transect, for a total of 60 sampling points.
Invertebrate fauna from the top of the soil were captured in four pitfall traps at each
collection point for seven days, totaling 20 traps in each management system
(MOLDENKE, 1994). In addition, a square meter of litter fall was collected at the same
points of collection for the evaluation of invertebrate fauna from the top of the soil. After
the removal of the litter layer, the invertebrate fauna was evaluated in the soil profile, with
the collection of soil monoliths (25 x 25 cm wide and 40 cm deep) divided into 0-10, 10-20
and 20-40 cm, method adapted from "Tropical Soil Biology and Fertility” (ANDERSON &
INGRAM, 1993). Different collection techniques were adopted in order to obtain more
accurate data about the composition of the invertebrate fauna community (DELABIE et al.,
2000).

The invertebrate fauna of the soil was extracted manually (traps, leaf litter and soil
monoliths), identified and counted at the level of family, groups and immature larvae
(TRIPLEHORN & JONNSON, 2010), with individuals separated by developmental stage
into adult or immature (larvae) with the help of binocular loupe. The organisms collected
were stored in 70% ethanol solution. Within the community of invertebrate soil fauna, the
Formicidae family is indicated as a potential indicator because it presents great structural
complexity and sensitivity to environmental changes (ANDERSEN, 1997). In this context,

the organisms of the Formicidae family were separated and identified at the morphospecies
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level in order to contribute to the discussion and understanding of the results of the soil
invertebrate communities. For identification, the ants were mounted with entomological
pin, placed in plastic triangles and labeled in vegetal paper, and identified following
available guides (BOLTON, 1994; FERNANDEZ, 2003; WARD, 2012).

In the same collection locations as invertebrate soil fauna, physical and chemical
parameters of the soil were evaluated, in order to evaluate possible correlations with the
soil faunal community (Figure 2, Table Al in appendices). For physical samples steel rings
were used (Kopecky) with sharp edges and an internal volume of 100 cm? to collect soil to
determine soil bulk density (Ds), macroporosity (Macro), microporosity (Micro),
penetration resistance (Rp), and total porosity (TP) (EMBRAPA, 1997). The relative
density (Dr), an important tool for measuring compaction, was obtained from Proctor test
(EMBRAPA, 1997).

Soil extractable phosphorus, potassium, sodium, and micronutrients were measured
by ion exchange with 0.0125 M H,SO,4 + 0.05 M HCI solution followed by determination
of  phosphorus by colorimetry, potassium and sodium by flame photometry, and
micronutrients  (copper, iron, magnesium and zinc) by atomic absorption
spectrophotometry (MACHADO, 2005). The determination of aluminum, calcium and
magnesium were made after extraction with 1 M KCI where aluminum was determined by
titration with 0.025 M NaOH, and calcium and magnesium were measured by atomic
absorption (MACHADO, 2005). The organic carbon and total nitrogen was determined via
thermal conductivity detector (TCD - CHNS) (MACHADO, 2005).

2.2.3 Statistical analyses

The characterization of the soil invertebrate fauna was based on the density
(number of individuals per pitfall and per square meter), richness (number of species) and
diversity (Shannon-Wiener index) (KREBS, 1999). The Shannon-Wiener index was

calculated as

H = —Zpﬂngpi
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¥ = summation, pi = proportion of total sample represented by species i divided by the
total number of individuals, S = number of species or species richness.

Due to their heterogeneity, the invertebrate soil fauna data obtained (x) for density
were converted into (x + 0.5)*° and compared by Duncan test at the at the 5% level (p <
0.05). The data obtained (x) for richness were not transformed, and the means were
compared by Duncan test at the at the 5% level (p < 0.05). Statistical analyzes were
processed with the use of Assistat program (SILVA & AZEVEDO, 2009). For the ants, the
characterization of the morphospecies was based on the frequency of registers (pitfall and
litter) and richness (number of morphospecies) according Romero & Jaffe (1989).

The soil invertebrate community, ants and environmental variables were submitted
to. principal component analysis (PCA). This method was adopted because it reduces the
multidimensionality of datasets and generates interpretable axes (PCA axes), finding linear
combinations of the variables in order to describe the most important sources of variation
(LEGENDRE & LEGENDRE, 1998). Principal component analysis was performed
through the vegan package on the R platform (R DEVELOPMENT CORE TEAM, 2012).

The determination of functional groups is represented in Tables A10 and A1l in the

Appendices. The functional diversity was based on the Shannon-Wiener index, according to
Mendes et al. (2015). In addition, the functional groups were also subjected to cluster
analysis, performed using the method closest to the Euclidean distance to describe the
similarity between management fields. The cluster analyses were processed through the
Statistica program (HILL & LEWICKI, 2007).

2.3 Results

The community of soil invertebrate fauna in the farm A (Table A2 in appendices)
was represented in 1,446 captured individuals, distributed across 14 orders, 40 families and
a group of larvae on top of the soil. Most of the adults and larvae were identified as
Coleoptera (11 families). The order Diptera was represented by seven families, followed by
five families in Hemiptera, four families in the order Hymenoptera, three families in the
order Orthoptera, two families in the orders Lepdoptera and Blattodea, and one family each

in the Arachnida, Dermaptera, Chilopoda, Collembola, Gastropoda and Psocoptera.
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For the soil profile (0-10, 10-20 and 20-40 cm depths) the number of individuals
captured was smaller in comparison to the organisms found on the top of the soil, with 406
individuals, distributed across 11 orders, 23 families and two groups of immatures (larvae)
(Table A3 in appendices). Families in Scarabaeidae, Cydnidae, Formicidae, Lumbricidae
and a group of immature (larvae), and Coleoptera were the only ones represented in all
depths of the soil.

In the agriculture and livestock farm B (Table A6 in appendices), 1,432 individuals
were captured on the top of the soil, distributed across 14 orders, 47 families and two groups
of larvae. The most numerous of the families, considering adults and larvae, in the farm B
were identified in the order Coleoptera (12). The orders Hymenoptera, Diptera and
Hemiptera were represented by seven families, followed by three families in the order
Orthoptera, two families in the orders Lepdoptera and Blatt