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Abstract

Vegetation cover may show diversity and composition patterns of the soil invertebrate community, as a function of litter
quantity and quality in a specific habitat. The objective of this work was to characterize the distribution of edaphic fauna
in different monocultures. The study was carried out at Chapada Grande farm in Regeneragéo, PI. Four monoculture areas
were chosen: no-tillage soybean, eucalyptus, pasture, and a preserved native cerrado forest. Soil fauna was collected in
a dry and wet period by pitfall traps containing 4% formaldehyde. The edaphic fauna was evaluated by the number of
individuals per trap per day, average richness and richness, Shannon diversity index and Pielou uniformity index. Data
were submitted to analysis of variance and multivariate Principal Component Analysis (PCA). The highest number
of individuals per day trap and of average richness were registered in the pasture, eucalyptus and forest areas in both
periods, while soybean showed lower values with predominance of Coleoptera and Formicidae groups. The pasture and
forest areas showed of higher Shannon index values in the two evaluated seasons, probably due to higher contributions
organic residues in the soil that favors the shelter, feeding and reproduction conditions. Regarding the Pielou index,
the soybean system showed higher values in this variable. The Aranae, Coleoptera, Formicidae and Diptera groups
predominated in the humid period, while Coleoptera and Formicidae predominated in the dry period. Systems that
generate greater accumulation of residues harbor a greater diversity of invertebrates of the edaphic fauna. Seasonality
had an effect on all variables analyzed and the wet period showed more expressive values.

Keywords: pitfall traps, soil invertebrates, no tillage, seasonality.

Caracterizacio da fauna edafica em diferentes monoculturas no Cerrado piauiense

Resumo

A cobertura vegetal pode mostrar padrdes de diversidade e composicdo da comunidade de invertebrados do solo, em
fun¢do da quantidade e qualidade da serapilheira em determinado habitat especifico. O objetivo deste trabalho foi
caracterizar a distribui¢do da fauna edafica em diferentes monocultivos. O estudo foi realizado na fazenda Chapada
Grande no municipio de Regeneracao, P1. Foram escolhidas quatro dreas de monocultivos: soja em sistema de plantio
direto, eucalipto, pastagem, além de uma mata nativa de cerrado preservada. Foram realizadas coletas da fauna do solo,
em periodo seco e imido, por meio de armadilhas do tipo pitfall contendo 4% de formol. A fauna edafica foi avaliada
pelo numero de individuos por armadilha por dia, riqueza e riqueza média, indice de diversidade de Shannon e indice
de uniformidade de Pielou. Os dados foram submetidos a analise de variancia e a analise multivariada de Componentes
Principais (ACP). O maior nimero de individuos por armadilha dia e de riqueza média foram registrados nas areas
pastagem, eucalipto ¢ mata nos dois periodos, enquanto que a soja mostrou valores inferiores com predominio dos
grupos Coleoptera e Formicidae. As areas de pastagem e mata mostraram maiores valores de indice de Shannon nas
duas épocas avaliadas provavelmente em funcao de maiores aportes de residuos orgénicos no solo que favorece as
condigdes de abrigo, alimentagdo e reprodugdo. Em relagdo ao indice de Pielou o sistema com soja mostrou maiores
valores nessa variavel. Os grupos Araneae, Coleoptera, Formicidae e Diptera predominaram no periodo imido, enquanto
Coleoptera e Formicidae se destacaram no periodo seco. Sistemas que geram maior acumulo de residuos abrigam
uma maior diversidade de invertebrados da fauna edafica. A sazonalidade apresentou efeito sobre todas as variaveis
analisadas sendo que o periodo imido mostrou valores mais expressivos.

Palavras-chave: armadilhas pitfall, invertebrados do solo, plantio direto, sazonalidade.
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1. Introduction

Savanna soils in the state of Piaui have been gradually
explored with annual crops, pastures, and, more recently,
reforestation (Aguiar and Monteiro, 2005). It is known
that the Cerrado is a tropical savanna of low vegetation,
formed mainly by grasses that coexist with shrubs and
sparse trees contributing a great amount and variety of
residues in the soil (Hoffmann and Jackson, 2000) that
favor the reproduction of the invertebrates, with availability
of food and shelter (Silva et al., 2006).

However, with changes in the composition of tree
species, through cultivation of a single species, the
number of ecological niches decreases, favoring intra and
interspecific competition (Cole et al., 2006), as well as
changes in abiotic factors such as temperature, moisture,
light intensity and soil physical and chemical conditions
(Riuttaetal., 2012, Ashford et al., 2013). Andersen (1999)
considers that monocultures tend to favor certain faunal
groups by supplying a single food substrate, which may
lead to the emergence of pest insects.

The implementation of crops made through the
no-tillage system as in the case of soybean, has as main
characteristic the minimum preparation of the soil, with
maintenance of a constant covering of straw on the surface
in milder climates, despite the low C /N ratio of the crop.
This creates conditions favorable to the survival of soil
organisms gradually as the benefits in terms of improvement
of the soil environment by the presence of straw are
becoming present (Bartz et al., 2013; Kladivko, 2001).
On the other hand, the use of grass Brachiaria brizantha
(Hochest.) Stapf. cv. Marandu has been efficient in the
accumulation of organic residues in the soil, due to its
abundant root system that presents continuous renewal
and high rhizospheric effect, which, maintained at the
surface favors the biota activity of the soil, by supplying
edible organisms (Rossi et al., 2013).

In its turn, the Eucalyptus grandis Hill (ex Maiden), in
which soil preparation in the region is limited to plowing
and harvesting at the time of planting, provides a large
amount of litter with low nutritional quality and high C/N
ratio, which contributes to slow decomposition of the
organic matter (Pulrolnik et al., 2009). For Cortes et al.
(2015) the large amount of litter generated by eucalyptus,
provides certain environmental conditions favorable to
the action of macro and microorganisms allowing rapid
mineralization and maintaining soil nutrient availability.

The effects on the diversity of soil fauna have been
the main focus of scientific investigations regarding the
substitution of forest by monoculture systems, mainly
regarding loss of habitat quality and its ecological and

evolutionary consequences. Some studies have already
shown the differences in the diversity, composition of
fauna species in different ecosystems resulting from the
process of fragmentation of forests in equilibrium, such
as the Caatinga (Aragjo et el., 2010), Mata de Cocais
(Nunes et al., 2012), Mata Atlantica (Pereira et al., 2013),
Cerrado (Aratjo et al., 2017) and areas with distinct floristic
domains (Nunes et al., 2019).

The objective of this work was to characterize the
distribution of the edaphic fauna in two seasons of the year
and in four different monocultures in the Savanna of Piaui.

2. Material and Methods

The study was carried out at the Chapada Grande
Farm, located in the municipality of Regeneragdo / PI,
with an altitude of 400 m, geographic coordinates
(06° 14 “16 “South latitude and 42 ° 41’ 18” West longitude).
The climate, according Alvares et al. (2013), is type Aw
(tropical rainy). The region presents an average annual
temperature of 26.4 ° C and precipitation with rainfall
distributed from October to May with an average of
1,238 mm.

The soil of the study areas was classified as a yellow
distrotic oxisol (Jacomine, 1986) with a clayey texture
(Table 1). The particle size analyzes were performed at
the Soil Laboratory of the Federal University of Piaui.

Four adjacent areas cultivated with eucalyptus, soybean,
pasture and, as a reference, a Savanna forest was used
(Figure 1). The areas were chosen using as criteria the
proximity of the desired crops and for presenting the same
soil class. In each area, 100 m? georeferenced plots were
demarcated where the soil was collected. The cultivated
areas were all established in 2008 as follows: (1) Area of
thirty hectares cultivated with rice in the first year and
soybean in subsequent years. The initial soil preparation
consisted of plowing, furrowing, root harvesting and
incorporation of 4 t ha! of limestone and fertilization of
250 kg ha! of NPK. The conventional management was
carried out with the use of plow and grate until the year
2013. In 2014, began to be used in a system of no-tillage.
Annually the application of the agricultural defense contact
and ingestion systemic insecticide with active ingredients
Acetamipride + Bifentrinals for the control of white fly.
(2) Area under eucalyptus (clone Ma - 2000) planted after
deforestation of Savanna forest with the use of bushes and
burning of branches and leaves covers thirty hectares.
The initial soil preparation consisted of plowing, sorting
and subsoiling for planting and incorporation of 4 t ha'!
of limestone and 400 kg ha' of triple superphosphate.

Table 1. Soil size composition of soils under different vegetal cover at Chapada Grande Farm - PI.

Vegetal cover Sand Silt Clay Texture
Soybean 367 192 441 Clayey
Eucalyptus 224 373 403 Clayey
Pasture 273 219 508 Clayey
Native Forest 288 280 432 Clayey
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Figure 1. Location of the soil sample collection points at Chapada Grande Farm, Regeneragdo / PI.

Eucalyptus was planted at a spacing of 3.5 x 2.5 m. Cover
fertilization was performed with NPK (20-00-20) using
150 kg / plant. Manual weeding was also carried out in
the area two months after planting and harrowing between
rows three months after planting. (3) Twenty five hectare
pasture area with prevalence of grass Brachiaria brizantha
managed under intensive grazing with three animal units
(AU) per hectare for eight months. Before grazing, this area
was cultivated with soybean until 2011 in a conventional
system. (4) The Cerrado native forest area consists of
natural vegetation and did not have anthropic interference
for reference use about forty hectares.

Fauna collections were carried out in the months of
March (wet period) and September (dry period) in 2018.
Pit-fall traps consisting of plastic containers 10 cm high
and 10 cm in diameter (containing formaldehyde to 4% to
about 1/3 of'its volume) buried in the soil until its opening
was exactly at the surface level. A total of eight traps were
placed with an average distance of 10 meters between
each one, meters in the form of a transect in the central
part of each system, where they remained for seven days.
The contents of each vial from the traps were analyzed
individually with the use of Petri dish and tweezers under
binocular magnifying glass, and the amount of each species
present in each sample per collection area was recorded
for the level of large taxonomic groups.

The edaphic fauna was evaluated by the number
of individuals per trap per day, fauna richness, which
corresponds to the number of groups identified, and average
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richness that represents the average number of individuals
per trap. The total number of taxonomic groups present
was evaluated by the Shannon diversity index which was
calculated by means of the following formula: H=-% pi x
log2 pi, where pi is the proportion of individuals belonging
to the each family.

For the analysis of uniformity, that is, relative abundance,
the Pielou Uniformity Index was used, using the following
expression: U = H / lognS, where H corresponds to the
Shannon index, n is the total number of individuals in the
community and S is the total number of species found in
each management system.

Six litter samples were collected near the trap sites
using a wooden template measuring 0.5 x 0.5 m, out of
a total of eight, which was randomly released and the
surpluses of leaves, branches and fruits were cut with a
knife within the limits of the same until the contact with
the soil. The storage was done in paper bags following the
methodology described by Scoriza et al. (2012).

Soil temperature was measured at 0 C with the aid
of an appropriate soil thermometer. To determine the
soil moisture were collected near the traps, at a depth of
0.0-0.10 m. For moisture assessment the samples were
submitted to the thermogravimetric method, which consists
of weighing the moist soil mass (MU) and then drying it in
an oven at 105-110°C for 24 hours and, after this period,
determining its dry mass (DM). Humidity was calculated
by the Equation 1:
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Msm — Dsm
= x

U 100 (1)

Msm
Where: U = soil moisture (kg kg'); Mu = most soil mass
(g); Ms = dry soil mass (g)

The number of individuals per trap per day, mean soil
fauna richness and Shannon diversity indexes and Pielou
uniformity were calculated using the software Dives 3.0
(Rodrigues, 2015). These indices were submitted to analysis
of variance (ANOVA) and when significant submitted to
the statistical test of LSD at 5% of significance. Parameters
analyzed as orders were submitted to multivariate analysis
of Principal Components (PCA). Biplots of the ACP were
plotted separately for the rainy and dry period of the year
to show the relationships between the systems of land use.
All analyzes were performed using the program R v.3.6.0
(R Core Team, 2019).

3. Results and Discussion

The highest number of individuals per day trap and
average richness were recorded in areas with pasture,
cucalyptus and native forest in both periods, while the
soybean system showed lower values with predominance
of the Coleoptera and Formicidae groups and other less
common ones (Table 2). These results can indicate that the
intensity and degree of interference of the management
practices that each culture influences the presence and

activity of the fauna of the soil, due to resource restrictions
for these organisms (Santos et al., 2016; Baretta et al., 2014).

The use of the no-tillage system in soybean, which
involves the maintenance of straw in the soil, has been
practiced in an attempt to increase the organic matter
content and to improve soil quality after harvesting the
annual crop (Aita and Giacomini, 2003; Torres et al., 2015),
which supposedly favored the presence of individuals
of the edaphic fauna. However, in the soil conditions of
the Cerrado, where a prolonged drought accompanied
by high temperature for a good part of the year favors a
more rapid decomposition of the vegetal residues by the
microorganisms, reducing their persistence on the soil
(Pacheco et al., 2008, Kliemann et al., 2006). Moreover,
only soybean is not able to maintain a good amount of
residues on the soil surface, since it is degraded faster, the
ideal was to rotate with other crops, such as brachiaria or
sorghum, with different C / N ratios (Rossi et al., 2013).

This can be verified by the total litter values in the soil
use systems studied in Table 3. The litter production in
the study areas was seasonal, with the highest production
occurring during the dry season. The highest production
occurred in eucalyptus and forest systems followed by
pasture and soybean.

In addition, the application of agricultural pesticides in
the rainy season to contain the pest attack in the soybean
crop may have contributed to the decrease of these variables

Table 2. Number of individuals with respective standard errors, total richness and average soil fauna richness under diferente

vegetal cover at Chapada Grande Farm - PL.

Ind. trap” day' +

Default error Richness

Vegetal Cover

Average

. Index Pielou
reichness

Index Shannon

Rainy season

Soybean 6.73c+2,15 14 6.85b 2.12b 0.81a
Pasture 22.04b+0.40 15 9.57a 2.07b 0.64 c
Eucalyptus 23.02b+0.80 17 11.75 a 2.55a 0.75b
Forest 28.96 a +3.84 20 10.80 a 238a 0.71 b
Dry season
Soybean 8.96b+7.81 10 4.80b 1.54 ¢ 0.77 a
Pasture 20.67 a +6.38 14 8.60 a 1.99b 0.69b
Eucalyptus 20.04 a +4.05 18 9.75a 223 a 0.70b
Forest 20.34a+1.29 18 10.85 a 2.16a 0.66 b

Table 3. Litter accumulation, temperature and soil moisture under different vegetal cover at Chapada Grande Farm - PL

Vegetal cover Litter T ha™! Temperature "C Moisture Kg kg™

Rainy season

Soybean 092¢ 28.1 1450

Pasture 1.40 be 27.7 16.5 ab

Eucalyptus 2.76 a 26.6 18.1a

Native Forest 1.75b 26.5 17.7 ab
Dry Season

Soybean 1440 354 2.09b

Pasture 1.94b 332 2.40 ab

Eucalyptus 340 a 31.9 3.86a

Native Forest 3.60a 31.6 3.56 ab
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of the edaphic fauna in this management system. Silva et al.
(2012) concluded that the use of the herbicide applied in
pre-emergence in the sugarcane crop contributed to the
decrease of Collembolas population when compared to
fallow and manual weeding up to 80 days after application.

In relation to the diversity index of Shannon, eucalyptus
and forest showed higher values in the two seasons probably
due to the greater contributions of organic residues in
the soil that favors the conditions of shelter, feeding and
reproduction and creates larger ecological niches, as also
verified by Cortes et al. (2015). On the other hand, the
soybean management system showed higher values of
the Pielou index, which represents the uniformity of the
distribution of the number of individuals in the different
groups in each area. This happens normally when the
system has very few groups with very low density. In this
case, since the density values are not very divergent
between the groups, the “equitability” component of the
diversity index becomes very high, as also observed by
Nunes et al. (2012).

The results of this research showed that the vegetation
cover of the studied areas resulted in an environmental
variation of the climatic factors temperature and humidity.
A higher temperature was observed at 2 to 4 °C in soybean
and pasture, respectively, in relation to the other areas

studied. Moisture in spite of being lower in soybean
and pasture did not reach close to zero due to the clayey
texture of the studied areas that retains the water more
strongly. (Table 3).

Thus, the lower values observed in the studied soil
fauna variables in no-tillage soybean cultivation may be
related to the high temperatures observed in this Cerrado
region, both in the accelerated degradation of organic soil
residues, which due to the absence of crop rotation also
presents low C/ N ratio, as in the low water available for
the metabolism of edaphic individuals. These climatic
factors are commonly identified as determinants of the
population dynamics of the edaphic fauna (Santos et al.,
2016; Manhaes et al., 2013).

Although diversity has been lower in no-tillage
(Table 2), some research has found that maintenance of
crop residues on the soil surface and lack of soil tillage in
soil conservation management systems may benefit certain
groups of soil macrofauna in regions of mild temperatures
(Baretta et al., 2014),

Table 4 shows the relative composition of the edaphic
fauna community in the different management systems
studied for the two periods. We include in the table the
term others which corresponds to the groups that occurred
in small proportions. The influence of seasonality on

Table 4. Relative distribution (%) of the taxonomic groups of the edaphic fauna under different vegetal cover at Chapada

Grande Farm - PI.

Grups Soybean Pasture Eucalyptus Native Forest Total (%)
Rainy season
Acari - - 1.71 1.40 0.78
Araneae 6.10 3.06 16.91 5.71 7.95
Blattodea - - 1.78 2.37 1.04
Collembola - 22.03 10.16 12.03 11.05
Coleoptera 38.19 3.62 14.20 22.30 19.58
Dermaptera 3.71 1.30 1.01 - 1.51
Diptera 10.34 2.16 442 3.86 5.20
Formicidae 23.07 51.13 37.47 44.51 39.05
Homoptera - 0.96 - - 0.24
Hymenoptera 11.14 6.51 8.92 1.84 7.10
Ortoptera - 6.12 - 3.25 2.34
Outros 7.45 3.11 3.42 2.73 4.10
Dry season

Acari - 35.96 1.69 10.30 11.99
Araneae - 431 10.96 7.46 5.68
Blattodea - - 1.52 2.10 0.91
Collembola - - 11.05 15.17 6.56
Coleoptera 32.47 28.16 45.90 6.10 28.16
Diplopoda - - 437 0.68 1.26
Diptera - 0.76 1.25 2.34 1.09
Formicidae 43.63 24.00 19.52 52.28 34.86
Hymenoptera - 1.44 - - 0.36
Ortoptera 20.72 3.86 1.43 0.99 6.75
Pseudoscorpionidae - - - 1.05 0.26
Outros 3.18 1.51 2.31 1.53 2.12
Braz. J. Biol., 2021, vol. 81, no. 3 pp.657-664 661
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Figure 2. Relationship between main component 1 (PC 1) and main component 2 (PC 2), considering the soil use systems
and soil fauna groups in the rainy (A) and dry (B) periods of the year. In the PCA chart, the values in the x and y axes
represent the percent change explained by axis 1 and axis 2, respectively.

fauna can occur in the life cycles of organisms - latency
of events such as mating, reproduction, egg laying and
dispersion of young people - and in the supply of resources,
which will temporarily modify the community structure
(Manhaes et al., 2013).

In the wet period the groups Aranae, Coleoptera,
Diptera, Formicidae and Hymenoptera were present in
all areas during the period of good humidity. On the
other hand, the groups Formicidae and Coleoptera, which
present saprophagous and predatory organisms and which
simultaneously exercise these two functions, predominated
in the dry period. A study carried out by Nunes et al. (2019),
showed that these organisms represented about 60% of the
total of individuals in cerrado soils, favored by dense litter.

The Blattodea group occurred only in eucalyptus
and native forest in both periods, similar results to those
found by Pompeo et al. (2016) in which they evidenced
the presence of this group only in native forest and Pinnus
reforestation. For Triplehorn and Johnson (2005) this group
are recognized as generalists in their eating habits and
usually occur in forest habitat, due to the various substrates,
niches and resources that this environment offers, as they
are saprophagous individuals, and use organic matter as
a food source.

The presence of the Formicidae group under diverse
conditions, such as dry or humid, occurs because they
comprise one-third of the total biomass of insects of
the ecosystems, since it occupies diverse niches in the
ecosystem, and they colonize the areas when these do not
present adequate conditions of survival to other groups
of soil fauna (Leal, 2004). In addition, the Formicidae
group is responsible for several ecological functions,
acting as seed dispersers, in soil physical and chemical
structuring, predation, nutrient cycling, among others
(Bolico et al., 2012).

The study of the relationship between the distribution
of individuals from each taxonomic group and the soil
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management systems was performed through an ordering
generated by the main components (Figure 2). The variables
were distributed in two main components that explained 49.6
(29.0% for the first and 20.6% for the second component)
in the wet period, and 51% of the total variability among
the management systems (33. 7% for the first and 17.3%
for the second component), in the dry period. With the
principal component analysis (PCA) for both periods, it is
possible to separate the studied units by their differences
in the composition of the edaphic macrofauna community.

The interpretation of this diagram shows that in the
humid period the forest and the eucalyptus system were
associated with several taxonomic groups in the humid
period, mainly Aranae, Blattodea, Coleoptera, Diptera and
others, which are some groups that occurred in a smaller
proportion. The pasture showed higher affinity with the
Diplopoda, Homoptera and Ortopthera groups, while the
soybean system was not associated with any group. It is
noteworthy that in the wet period the soybean system
received insecticide application.

In the dry season, the eucalyptus system showed a
correlation with a larger number of groups, among them
Blattodea, Diptera, Formicidae and others, in relation to the
other areas. Certainly, the large amount of litter generated
by eucalyptus, despite the low nutritional quality and
high C / N ratio (Pulrolnik et al., 2009), provides certain
environmental conditions that favored reproduction, feeding
and shelter soil invertebrates. For Mogo et al. (2005),
management systems that include the maintenance of
plant residues on the soil surface provide a more favorable
environment for the colonization of the environment by
most groups of soil fauna.

4. Conclusion

Systems generate higher wast accumulation provide
better conditions for increase the abundance, richness and
diversity of soil invertebrates

Braz. J. Biol., 2021, vol. 81, no. 3 pp.657-664
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The groups Aranae, Coleoptera, Formicidae and Diptera
predominated in the humid period, while Coleoptera and
Formicidae stood out in the dry period.

Seasonality had an effect on all analyzed variables,
with the wet period showing more expressive values
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