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ABSTRACT: The soil fauna is one of the bioindicators of soil quality that has greater sensitivity, being easily altered by changes 
that occur in natural and agricultural ecosystems. The objective of this work was to evaluate the density and diversity of the soil 
macrofauna and the functional groups of the epigeal macrofauna that are most representative in no-tillage, pasture, eucalyptus 
cultivation and native savanna systems in Uruçuí, Piauí, Brazil. Five soil management systems were used: pasture (PAS); no 
tillage soybean in corn straw (NT1); no tillage of corn under straw of mombaça grass (NT2); eucalyptus (EUC), in addition to a 
savanna area used as a reference (FA). Fauna collection was performed using pitfall traps containing 4% formaldehyde. The 
fauna was evaluated by the number of individuals per trap per day, wealth, average wealth, Shannon’s diversity index and 
Pielou’s uniformity index. The data was subjected to analysis of variance, and when significant, was subjected to the Friedman 
test. The pasture system had the least impact on edaphic fauna when compared to native savanna forest and when compared 
to management systems and the collembola, orthoptera and diptera groups were the most abundant in the studied management 
systems.
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Fauna epígea em sistemas de plantio direto, pastagem,
eucalipto e cerrado nativo em Uruçuí, Piauí, Brasil

RESUMO: A fauna do solo é um dos bioindicadores da qualidade do solo que possui maior sensibilidade, sendo facilmente 
alterada por mudanças que ocorrem nos ecossistemas naturais e agrícolas. O trabalho teve como objetivo avaliar a densidade e 
diversidade da macrofauna do solo e os grupos funcionais da macrofauna epígea mais representativos em sistemas de plantio 
direto, pastagem, cultivo de eucalipto e Cerrado nativo em Uruçuí, Piauí, Brasil. Foram utilizados cinco sistemas de manejo do 
solo: (i) pastagem (PAS); (ii) plantio direto de soja sob palhada de milho (SPD1); (iii) plantio direto de milho sob palhada de capim 
mombaça (SPD2); (iv) eucalipto (EUC), além de (v) uma área de Cerrado usada como referência (MN). Foi realizada coleta da 
fauna, por meio de armadilhas do tipo pitfall contendo 4% de formol. A fauna foi avaliada pelo número de indivíduos por armadilha 
dia, riqueza, riqueza média, índice de diversidade de Shannon e índice de uniformidade de Pielou. Os dados foram submetidos à 
análise de variância, e quando significativo, foram submetidos ao teste de Friedman. Os grupos aranae, blattodea, scorpionidae 
e thisanura foram drasticamente afetados pelos sistemas de manejo utilizados em relação à condição natural. O sistema de 
pastagem foi o que apresentou menor impacto sobre a fauna edáfica quando comparado a mata nativa de cerrado. 

Palavras-chave: rotação de cultura; diversidade; armadilhas pitfall; invertebrados do solo
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Introduction
Changes in the composition of tree species, through 

cultivation of a single species, affect the imbalance of edaphic 
communities since it reduces the number of ecological niches, 
favoring intra and interspecific competition, in addition to 
changes in abiotic factors such as temperature, humidity, 
light incidence (Baretta et al., 2014) and physical-chemical 
conditions of the soil (Oliveira Filho & Baretta, 2016), thus 
the Brazilian savanna is considered one of the 34 biodiversity 
hotspots in the world (Mittermeier et al., 2011).

The invertebrate fauna is an important indicator of 
soil quality and performs important functions, such as 
fragmentation of organic residues, nutrient cycling, aeration, 
nutrient mobilization, and control of the trophic chain, such 
functions being vital for plant development and, consequently, 
for a balanced ecosystem (Araújo et al., 2017).

The soil invertebrate community can be conserved when 
the agricultural system provides a similar environmental 
structure to the original ecosystem. Thus, the edaphic 
fauna benefits from management systems that provide 
environmental conditions that favor the reproduction of 
invertebrates and a higher quality and quantity of plant 
residues, which serve as food and shelter (Nunes et al., 2019).

Management systems with pasture have proven efficient 
in the accumulation of organic residues in the soil, which can 
be justified due to its abundant root system that presents 
continuous renewal due to cutting and high rhizospheric 
effect, which favors the soil structure and the activity of soil 
biota, by providing food and better locomotion for edaphic 
organisms (Liáng et al., 2020).

Studies conducted by Santos et al. (2016), characterizing 
fauna in production systems in savanna areas in southwestern 
Piauí show that the no-till farming system provides greater 
abundance and richness of families compared to conventional 
soil preparation. In turn, Nunes et al. (2012) found that 
management systems adopted with different forages favored 
the presence of many individuals and species richness of 
edaphic fauna. In relation to the planted forest of eucalyptus, 
Cortez et al. (2015) observed that the large amount of burlap 
generated by the crop provides favorable environmental 
conditions for a greater diversity of soil fauna organisms.

Other studies have shown a pattern of increasing 
epigeal fauna as a function of successional advancement or 
preservation of the environment relative to anthropized areas 
(Brito et al., 2016; Vasconcelos et al., 2020). These authors 

concluded that the structural complexity of the vegetation, in 
terms of diversity, influenced greater deposition and better 
quality of the litter, providing more favorable conditions for 
food resources, shelter, and reproduction. Thus, any anthropic 
intervention can potentially affect the dynamics of the soil 
epigeal fauna and, consequently, the ecological functions in 
which it is involved.

In this sense, considering the importance of edaphic 
fauna biodiversity for soil quality and the constant changes 
in land use, this study aimed to evaluate the density and 
diversity of soil macrofauna and the functional groups of the 
most representative epigeal macrofauna in no-till, pasture, 
eucalyptus cultivation and native savanna systems in Uruçuí, 
Piauí, Brazil.

Materials and Methods
The work was carried out at Fazenda Nova Zelândia located 

in Uruçuí, PI, Brazil (07°33’08” S and 44°36’45” W), 378 m 
above sea level. The climate according to Köppen and Geiger 
is Aw, the average temperature is 27.2 °C and the average 
annual rainfall is 817.8 mm corresponding to the year 2017 
(INMET, 2018) (Figure 1). 

The soil is classified as Oxisol (Araújo et al., 2010), with 
chemical characterization of the areas according to Table 1. 

Four management systems were used for the study: 
pasture (PAS), no-till soybean under corn stover (NT1), no-till 
corn under mombaça grass stover (NT2), eucalyptus (EUC), 
and a native savanna forest area (FA) as reference. The history 
of land use in the different management systems is presented 
in Table 2.

PAS: Pasture with mombaça grass for haymaking; NT1: No-till soybean system under corn stover; NT2: No-till corn system under mombaça grass stover (NT2); EUC: Eucalyptus; 
FA: Native savanna forest.

Table 1. Chemical characterization and particle size in the 0-0.1 m layers of a Oxisol submitted to different management systems 
in Uruçuí, Piauí, Brazil. 

Figure 1. Rainfall and average monthly temperatures 
corresponding to the year 2017, Uruçuí, PI, Brazil (INMET, 
2018).
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The management system with eucalyptus was installed in 
the 2005/2006 agricultural year, and liming was performed 
with 6 Mg ha-1 with incorporation of limestone in the area. All 
liming practices that had limestone incorporated into the soil 
were done at a depth of 0.22 m with the use of a 28” plow. 

The Eucalyptus urograndis clone “h75” was planted with 3 
different spacing in the rows, being 1.5 × 1.5 m, 3 × 1.5 m and 
3 × 2 m and with spacing of 14 m between rows, being rows of 
3 and 5 rows of eucalyptus. Also in the 2005/2006 crop year 
early rice cv. Aimoré was grown with fertilization of 300 kg 
ha-1 of the formulated 10-30-10, and in the same crop were 
planted cowpea cv. Nova Era and cv. Guariba. 

In the following crop, soybean cv. BRS278 and BRS279 
were planted with 350 kg of 5-20-20 fertilization. After the 
soybean harvest, mombaça grass was grown and grazed at 
a stocking rate of 2.4 UA ha-1. The fertilization was made in 
a specific way, with 150 kg ha-1 of the formulation 06-21-06, 
also containing 12% Ca, 3% S, 0.3% Zn in foundation in January 
2006 and 200 kg ha-1 of the formulation 20-01-20, in cover in 
March/2006, January/2007 and January/2008.

Fertilizer management in the other areas studied was 
done according to need, based on soil analysis and the 
recommendations of Sousa and Lobato (2004), where all 
areas in the first year of cultivation received liming of 6 Mg 
ha-1 and incorporated as previously reported. 

We also applied 1 t ha-1 of agricultural gypsum on surface 
in all areas in the 2014/2015 crop year, and 160 kg ha-1 of 
mono-ammonium phosphate (MAP), 120 kg ha-1 of potassium 
chloride (KCl), 250 kg ha-1 of ammonium sulfate (S. A.) and 230 
kg ha-1 of urea were also made available in the whole area 
with the exception of the eucalyptus system.

The last liming performed was in the 2011/2012 crop year, 
with 2.5 t ha-1 dolomitic limestone applied to the PAS, NT1 and 
NT2 areas and incorporated as mentioned. In the 2015/2016 
and 2016/2017 agricultural years, 170 kg ha-1 of Lithotamnium 
was applied, a product derived from calcareous marine algae, 

which in addition to Ca and Mg has variable contents of P, 
K, and micronutrients, with the exception of the PAS and 
eucalyptus systems. 

In the agricultural years 2005/2006, 2006/2007, and 
2007/2008 in the NT2 area, after the soybean harvest, 
mombaça grass was grown as ground cover, and grazed under 
an animal density of 2.4 UA ha-1. Also in NT2 in the 2009/2010 
and 2010/2011 crop years corn was used as a cover crop after 
the soybean harvest.

In the PAS system, the removal of mombaça grass for hay 
occurred only in the 2015/2016 crop year, and in 2016/2017 
the area was fallow with respect to the input of animals and/or 
machinery (Table 2). The genetic material used in the planting 
of NT2 was Supreme Viptera corn (SX7331) and in the planting 
of NT1 was FTS Graciosa RR soybean. 

The collection of epigeal fauna was conducted at the 
end of the rainy season in April 2017, close to the soybean 
harvest. The organisms were captured using pitfall traps, 
according to the methodology described by Moldenke 
(1994). These traps were made of plastic containers 10 cm 
high and 10 cm in diameter with a cover, which were buried 
in the ground with the edge at surface level. The cover of 
the trap was made with plastic plates with a wooden tripod 
in order to reduce the entry of water from rainfall and plant 
remains from the crop.

Seven traps per management system were set up in 
transects with a distance of 10 m between each trap. In each 
trap, 200 mL of a 4% concentration formaldehyde preservative 
solution was added to prevent deterioration of the insects. 
After seven days of installation in the field, the traps were 
removed from the ground and the individuals collected 
identified and classified according to order or class level.

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 richness, 
which represents the average number of individuals per trap. 

Table 2. History of the management systems studied, in Uruçuí, Piauí, Brazil.

PAS: Pasture with mombaça grass for haymaking; NT1: No-till soybean system under corn stover; NT2: No-till corn/soybean system under mombaça grass stover; EUC: Eucalyptus; 
FA: Native savanna forest. Cattle: Cattle of mixed breed of Nelore and Gyr under stocking rate of 2.4 UA ha-1. AU: Animal Unit with 450 kg. * Fallow from animal and agricultural crop 
inputs, with the presence of mombaça grass between the rows. ** In the 09/08 agricultural year, the areas referring to the evaluated systems were not cultivated, receiving only millet 
as a cover crop, and in NT2 there was the entrance of animals for grazing.
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The total number of taxonomic groups present was evaluated 
by the Shannon diversity index and Pielou uniformity index, 
calculated by the Equations 1 and 2:

the vegetation, the greater the heterogeneity of organic 
residues, which results in a higher diversity of the fauna 
community (Oliveira et al., 2019). However, the annual input 
of organic inputs (crop residues and herbaceous biomass) in 
the management system with pasture is 10 Mg ha-1 (Bernardes 
et al., 2010), a factor that creates an optimal environment for 
food supply and better locomotion of organisms, favoring the 
accumulation of organisms in this system. 

According to Wall et al. (2020), the production of grass 
mulch enables a large root deposition in various stages of 
decomposition, due to the constant cycling of fine roots that are 
mostly concentrated in the surface layer, and thus contribute 
as food for epigeal fauna, favoring their multiplication. In turn, 
areas of native vegetation have a continuous input of a diverse 
range of easily decomposable organic material, which allows 
colonization by different organisms (Vasconcelos et al., 2020).

In relation to Shannon’s diversity index and Pielou’s 
uniformity index, PAS, FA, and NT2 presented higher values 
in relation to the other systems evaluated (Table 3), which 
indicates that there was a greater diversity and number of 
dominant groups in these systems. On the other hand, the 
lowest values of these variables were observed in the NT1 
and EUC systems. This can be attributed to the predominance 
of the Collembola, Orthoptera and Diptera groups in NT2 and 
the Collembola and Diptera groups in EUC, which accounted 
for about 80% of the total individuals collected in these areas 
(Table 4), thus contributing to lower diversity and uniformity.

The use of the no-till farming system, which involves 
maintaining stubble in the soil, has been practiced in an attempt 
to increase the organic matter content and improve soil quality 
after the annual crop harvest (Torres et al., 2015), which would 
supposedly favor the presence of edaphic fauna individuals. 
However, the history of NT1 shows that over the years there was 
a predominance of Soy/Corn succession. On the other hand, 
in NT2 the management also involved Mombasa grass that 
resulted in a higher phytomass production (Table 1). For Alves et 
al. (2020) the ideal for no-till would be the use of intercropping 
between grasses and legumes, since the former contribute with 
relatively high amounts of phytomass, characterized by a high 
C:N ratio, which would counterbalance a plant material whose 
decomposition is relatively fast generated by legumes, and 
thus increase the persistence of soil cover, favoring a greater 
diversity of soil invertebrates.

Among the groups with the highest expression (Table 
4) are Collembola, Orthoptera, and Diptera, representing 

where:
H	 - Shannon diversity index;
pi 	 - proportion of the individuals that belong to the ith 

family;
E 	 - Pielou uniformity index: 
ln	 - logarithm in base neperian;
S 	 - number of species or groups (Begon et al., 1996).

Data regarding the number of individuals per trap per 
day (ind. arm-1 day-1) and average richness was submitted to 
analysis of variance with the help of the statistical program 
R (R Core Team, 2020). The Shapiro-Wilk and Levene tests 
were performed to verify the normality and homogeneity of 
variance of the data, and then submitted to non-parametric 
analysis, using Friedman test, at 5% probability. A multivariate 
principal component analysis (PCA) was also performed 
between the taxonomic groups and the management systems, 
using the same statistical program.

Results and Discussion
There are 22 faunal groups present in the different 

management systems studied (Table 3). There were changes 
in the soil fauna variables evaluated as a function of the 
soil management system, corroborating other works in the 
savanna piauiense (Santos et al., 2016; Araújo et al., 2017). 

The lowest number of individuals collected per trap 
day-1 was recorded in the native savanna forest (FA), while 
the no-till farming system 1 (NT1) showed the highest 
values, differing from the others (Table 3). However, the 
high standard error observed in this system, reveals a large 
spatial heterogeneity, and shows that certain groups of 
invertebrates in were only found in a few traps.

As for total richness, the highest value was observed in the 
PAS area followed by FA (Table 3). In general, the more diverse 

NT1: No-till system of soybean under corn stover; NT2: No-till system of corn/soybean under mombaça grass stover; EUC: Eucalyptus; FA: Native savanna forest. Averages followed 
by the same letter in the column do not differ statistically by Friedman test (p ≥ 0.05). Ind. arm. day-1: Individuals per trap per day.

Table 3. Number of individuals, total richness, mean richness, Shannon diversity index and Pielou’s equitability index in different 
management systems in Uruçuí, Piauí, Brazil.

( )H pi ln pi= − ×∑ (1)

(2)( )
HE

ln S
=
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percentages of 35.9, 19.2, and 17.5%, respectively, adding up 
to a total of more than 70% of the individuals found in the 
areas. 

The collembola group represented 60% of the individuals in 
NT1, 50% in EUC and 40% in FA, this dominance presented by 
the collembola group in the burlap is well documented (Menta 
et al., 2014; Innangi et al., 2018). However, the frequency of 
these individuals is positive, as these soil microarthropods 
have significant influence on soil microbial ecology, nutrient 
cycling, and soil fertility by feeding on soil microorganisms and 
dead organic matter (Oliveira Filho & Baretta, 2016).

The groups Araneae and Pseudoscorpionida showed 
higher occurrence in the native savanna area. Similar result 
on the density of the Araneae group was observed by Araújo 
et al. (2017), working in preserved and unpreserved native 
savanna area. The predominance of the Araneae group in 
FA may be associated with the accumulation of leaves in the 
reference area, as this greater amount of leaves provides 
greater heterogeneity in the burlap microhabitat. Research by 
Freiberg et al. (2020) showed that in an annual crop-livestock 
integration system, grazing intensification can negatively 
influence the abundance and richness of terrestrial spiders.

The amount of litter in the area in natural equilibrium 
creates thermally more comfortable environments for 
spiders, mainly by preventing water loss, since water loss is 
one of the main ecological problems of arthropods, especially 
spiders (Varjão et al., 2010). Also according to the authors, 

the spaces between the leaves, the basal side of the leaves 
and the openings between them create foraging sites for the 
spiders and protect them from the light intensity that usually 
affects their behavior, forcing them to inhabit new areas.

Some groups showed low density, but are important in 
maintaining the balance of the soil and the food chain, such 
as: Blattodea, Dermaptera, Hemiptera, Isoptera and Chilopoda 
and in general they predominated in almost all systems, 
except for the Blatodea group, which only predominated in 
FA. The Dermaptera, Chilopodae, and Hemiptera groups are 
predators, while the Blattodea group is saprophagous and is 
part of the diet of many mammals, birds, and reptiles (Correia 
& Oliveira, 2005).

The Isoptera group acts in the decomposition process of 
organic matter and mainly assimilate cellulose decomposition 
products such as hemicellulose, starch, and sugars (Brito et 
al., 2016). According to the authors, these organisms have a 
number of gastrointestinal symbionts that enable this group to 
solve the issue of the high C/N ratio of their trophic resource, 
facilitating the cycling of nutrients performed by fungi and 
bacteria. This group represented only 0.4% of the individuals 
observed, corroborating the results observed by Santos et al. 
(2008) in savanna areas.

The study of the relationship between the distribution of 
individuals of each taxonomic group and the soil management 
systems was performed by means of an ordination generated 
by principal components, involving the epigean fauna 

Table 4. Relative distribution (%) of epigeal fauna in different management systems in Uruçuí, Piauí, Brazil.

1 Management systems: NT1: No-till system of soybean under corn stover; NT2: No-till system of corn/soybean under mombaça grass stover; EUC: Eucalyptus; FA: Native savanna 
forest.
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community and the management systems, the variability 
retained in principal components 1 and 2 explained 79.92% of 
the original variability, where CP1 and CP2 each retain 52.87 
and 22.04%, respectively, of the original data information 
(Figure 2).

The PAS area showed the greatest relationship with the 
Orthoptera, Coleoptera, Dermaptera, Isoptera, Lepdoptera, 
Tricoptera, Acari, and Scorpionida groups, showing the 
greatest influence on CP 1 (Figure 2). The prevalence of these 
specific groups may be associated with the initial changes that 
occur with the conversion of savanna vegetation to pasture 
(e.g., cutting, burning, and topsoil transport), which totally or 
partially compromise the soil fauna, with colonization again 
only by groups that accept the new resources (Benito et al., 
2004).

PAS show less impact on soil fauna when they are 
introduced in savanna-type vegetation and when compared 
to more intensive management systems (Pompermaier et 
al., 2020), corroborating with results found in this work. 
This was probably due to the absence of animals and/
or machinery for two years prior to collection as shown in 
Table 2. In addition, the annual input of organic inputs (crop 
residues and herbaceous biomass) in these systems is of the 
order of 10 Mg ha-1 (Bernardes et al., 2010).

The presence of several important groups of soil fauna, 
including formicity, coleoptera, orthoptera, and collembolla, 
occurred to the conservationist systems NT1, NT2, and 
PAS showing a similarity of soil management probably due 
to better soil chemical conditions and a good amount of 
organic matter in the surface layer (Figure 2). Furthermore, 
these management systems promoted a diversification of 
plant residues, increasing the quality of the leaf litter. This 
combination contributes to a better occurrence of soil fauna 
groups, as also observed by Baretta et al. (2014).

FA area negatively influenced CP 1 by associating with 
the groups Araneae, Blattodea, Pseudoscorponida, Protura 

and Auchenorryncha. Despite this environment presenting a 
greater variety of organic residues, the high concentration of 
Al3+ and potential acidity (H + Al) in the soil may have caused 
a lower diversity of fauna, compared to the other areas that 
were contemplated with soil fertility correction, favoring an 
increase in biological activity (Baretta et al., 2014). 

In turn, the system with eucalyptus, despite generating an 
average plant litter around 14.1 Mg ha-1 (Gatto et al., 2014), 
showed no association with any group of edaphic fauna. 
Eucalyptus plant litter has materials with high C/N ratio (> 
25) and high levels of lignin and polyphenols, according to 
the part of the plant studied, and also high C/P and C/S ratio, 
which contributes to a slow decomposition of the residue 
(Gatto et al., 2014).

Low quality of the plant litter (i.e. high lignin content in 
C/N ratio) restricts the activities of soil fauna (Makkonen et 
al., 2012; Sauvadet et al., 2017; Tan et al., 2020). These studies 
have shown that a high lignin concentration can reduce the 
decomposition rate of the plant litter, and a low initial lignin 
concentration can cause a high contribution to the density 
and diversity of the soil fauna.

Conclusions
The groups aranae, blattodea, scorpionidae and thisanura 

were drastically affected by the management system used 
compared to the natural condition.

The no-till system with corn/soybean rotation under 
mombaça grass straw favored the conservation of edaphic 
fauna diversity, compared to no-till soybean under corn straw.

The groups collembola, orthoptera and diptera were the 
most abundant in all management systems studied.

The systems of pasture, no-till soybean under corn stover, 
no-till with corn/soybean rotation under mombaça grass 
stover, and native forest favored the presence of various 
groups of edaphic fauna. 

The pasture system had the least impact on edaphic fauna 
compared to the native forest.
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Figure 2. Principal Component Analysis (PCA) between 
different management systems, soil fertility and the main 
taxonomic groups of the edaphic fauna in the savanna. 

NT1: No-till system of soybean under corn stover; NT2: No-till system of corn/soybean 
under mombaça grass stover; EUC: Eucalyptus; FA: Native savanna forest.
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