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INTRODUCTION

Wheat (Triticum aestivum) is one of the most important cereals cultivated in
Brazil, occupying approximately 2.71 million hectares (CONAB, 2021). It plays an
important role in crop rotation systems under no-tillage management with maize
and soybean, contributing to the sustainability of agricultural production systems
(Smanhotto et al., 2006). Due to its high capacity for dry matter production, wheat
provides substantial soil cover during a large part of the year (Kliemann et al., 2006),
creating favorable conditions for the development of soil invertebrate populations
(Santos et al., 2008).

Brazil also stands out as a major producer of poultry under confined systems
(Silva et al., 2011), which enables the use of poultry litter as a fertilizer source in
agricultural systems (Menezes et al., 2003). Therefore, organic fertilization has
become an attractive alternative due to nutrient recycling, reduction of mineral
fertilizer costs, and mitigation of environmental impacts (Santos et al., 2011). In
addition, the incorporation of organic residues may influence soil biota, since these
materials serve as a food source for soil organisms (Baretta et al., 2003), promoting
biological changes in the soil environment (Alves et al., 2006). These effects may
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be beneficial when residues are applied in appropriate amounts, but potentially
harmful when excessive doses are used (Baretta et al., 2003; Lindberg, 2003).

Soil fauna can be considered animportant indicator of soil quality because these
organisms directly influence the physical, chemical, and biological characteristics of
soils (Silva et al., 2006; Steffen et al., 2007). Their high sensitivity to environmental
changes allows them to reflect the impacts of management practices adopted in
agricultural systems (Rovedder et al., 2004). Both the absence of vegetation cover
(Baretta et al., 2006) and variations in plant cover (Santos et al., 2008) can significantly
affect soil fauna communities. Therefore, winter cover crops used for soil protection
may also influence the biological community in the soil (Silva et al., 2013).

Although the economicimportance of wheat and the nutritional potential of
poultry litter are well documented, their effects on soil fauna communities are still
insufficiently investigated. Thus, this study aimed to determine whether organic
fertilization with poultry litter can replace mineral fertilization with respect to its
effects on soil mesofauna and macrofauna under wheat cultivation.

MATERIALS AND METHODS

The experiment was conducted in an experimental area of the Federal
University of Santa Maria (UFSM), Frederico Westphalen campus, Rio Grande do
Sul, Brazil (27°23'45.75" S and 53°25'45.92" W), at an altitude of 566 m. The soil
in the experimental area is classified as a Red Oxisol according to the Brazilian
Soil Classification System (Embrapa, 2006). The regional climate is classified as
Cfa according to Koppen. The terrain is gently undulating, and the area had been
cultivated under a no-tillage system for six years.

Soil analysis was performed following the methodology proposed by Embrapa
(1997), and the soil presented the following physical and chemical characteristics:
62% clay; pH (H,0) of 5.8; 5.3 mg dm™ of P (Mehlich-1); 288 mg dm™ of K; 7.6
cmolc dm™ of Ca; 48 cmolc dm™ of Mg; and 3.5% organic matter. Fertilization
recommendations were based on the Fertilization and

Liming Manual for the states of Rio Grande do Sul and Santa Catarina (Comissao...,
2004). Poultry litter was used as the organic fertilizer source. The recommended
rate was applied in two stages: 50% at sowing and 50% as topdressing at 30 days
after sowing (DAS). The chemical composition of the poultry litter was determined
according to the methodology described by Tedesco et al. (1995).
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Chemical composition (%)

pH N OM  Ca Mg PO, KO

275 2

Poultry 7.1 4.8 6847 6,37 1,13 4,03 4,76
bedding

Table 1. Chemical composition of poultry litter.

The experimental design consisted of a randomized block design with five
treatments, comprising three poultry litter doses (zero — without fertilization =
control—, one (1x) and four (4x) times the recommended poultry litter rate), mineral
fertilization (MF), and a treatment combining mineral and organic fertilization (MF
+ Org), with four replications. The treatments corresponding to one and four times
the recommended rate were equivalent to 620 and 2480 kg ha™ of poultry litter,
respectively (Comissdo..., 2004). Each plot covered an area of 25 m?, totaling 500
m? of experimental area, in addition to a cultivated border consisting of a 3-m strip
surrounding the blocks.

The experiment was conducted and evaluated over two growing seasons
(2013-2014 and 2014-2015) under wheat cultivation (Triticum aestivum), which was
established 10 days after weed desiccation using the herbicide glyphosate atarate
of 3 L ha™ of the commercial product. Sowing was performed with 17 cm spacing
between rows and 70 seeds per linear meter, corresponding to approximately
4,100,000 seeds ha™. Weed control after sowing, in both growing seasons, was
carried out using the herbicide ALLY® at a rate of 4 g a.i. ha™.

Soil fauna sampling was performed using PROVID traps (Antoniolli et al., 2006),
which capture organisms belonging to the mesofauna and macrofauna groups,
characterized by higher mobility in the soil. The traps remained in the field for seven
days and contained 250 mL of 70% alcohol for the preservation of the collected
organisms.

Theindividuals were identified at the order level using binocular stereomicroscopes
with 40x magnification (Buzzi, 2008). Subsequently, the number of individuals (NI)
within each order was counted, and the number of orders was determined according
to the functional role of the organisms in the soil, following Lavelle (1996).

Based on the obtained data, the following indices were calculated: organism
abundance; Margalef richness index; Simpson dominance index; Shannon diversity
index; and Pielou evenness index (Odum, 1988).

The results were subjected to F-test analysis, and when significant effects were
detected, the Scott—Knott test was used for mean comparison of the variables related
to orders and diversity indices, while the Tukey test was applied for functional groups
(P <0.05) (Ferreira, 2008).
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RESULTS AND DISCUSSION

The results of the soil fauna evaluation in wheat cultivation revealed the presence
of organisms belonging to the following orders: Acarina, Araneae, Coleoptera,
Collembola, Hymenoptera, and Orthoptera. Among these groups, the orders
Collembola and Hymenoptera were the most abundant. A total of 5,500 individuals
were collected during the two years of evaluation, with a predominance of the order
Hymenoptera—represented by ants—, totaling 2,566 individuals, which corresponds
to approximately 47% of the total organisms recorded (Table 2).

The marked presence of ants in terrestrial ecosystems, compared to other groups
of organisms, is commonly reported in the literature (ELLWOOD & FOSTER, 2004;
SOUZA et al., 2008; ZARDO et al., 2010; MAESTRI et al., 2013).

This group of organisms plays an important role as an ecological indicator of
environmental changes, particularly in the recovery of degraded areas (BARETTA et
al., 2003). Furthermore, ants contribute to nutrient cycling, predation, seed dispersal,
plant pollination, and the physical structuring of the soil (PEREIRA et al., 2007).

The order Collembola was the second most expressive group in this experiment.
Of the 5,500 individuals collected, 1,730 belonged to this group, corresponding
to 31.4% of the total organisms (Table 2). Collembolans are considered important
indicators of soil quality (DAME et al., 1996). Their main diet consists of plant residues
and fungi, although they may also serve as a food source for predatory organisms.
Together with mites, they constitute the largest population within the soil mesofauna
(COLEMAN & CROSSLEY, 1995; LAVELLE, 1996). In addition, these organisms are
considered important indicators of soil quality because they are highly sensitive to
environmental changes (BARETTA et al., 2008).

Treatments Aca Aran Coleo Coll Hym Ort
e I 32 246 410 34

MF 66 12 98 246 546 168

MF + Org 88 14 16 526 322 140

1 x recommended 52 10 30 306 432 68

4 x recommended 126 12 86 406 856 108
T otal 372 52 262 1730 2566 518

Abbreviations: Aca = acaro; Ara = aranha; Coleo = coleéptero; Coll = Collembola; Dip = diptera;
Hym = hymenoptera; Ort = Orthdptera.

Table 2. Total number of individuals captured during two wheat growing seasons.
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A significant increase in the number of individuals belonging to the orders
Acarina, Coleoptera, Collembola, Hymenoptera, and Orthoptera was observed at
the dose of 2480 kg ha™" compared to 620 kg ha™ of poultry litter (Table 3). The
addition of organicresidues influences soil biota, particularly due to the direct effect
of the residue itself (poultry litter), which serves as a food source for soil organisms
(BARETTA et al., 2007).

Treatment Aca Ara Coleo Coll Hym Ort
" Control . 5C 1A 4B 31C  51C 4D

MF 8C 2A 12A 31C 68B 21 A

MF +org 11B 2A 2B 65 A 40D 18A

1x 7C 1A 4B 38C 54 C 9C
recommended

4x 16 A 2A 11A 51B 107 A 14B
recommended

CV (%) 18,10 50,64 29,03 11,54 8,95 18,25

Aca=

Acarina; Ara = Araneae; Coleo = Coleoptera; Coll = Collembola; Dip = Diptera; Hym = Hymenoptera;
Ort = Orthoptera.

Means followed by the same uppercase letter in the column do not differ from each other
according to the Scott-Knott test (P < 0.05).

Table 3. Mean number of individuals captured during two wheat growing seasons.

The best results for the orders Coleoptera and Orthoptera were obtained with
mineral fertilization, with no statistical difference compared to the mineral + organic
fertilization treatment (Table 2). The highest population of individuals belonging
to the order Collembola occurred in the mineral + organic fertilization treatment.
Large populations in plots that received mineral fertilization may be the result of
the rapid availability of nutrients provided by this type of fertilization. Consequently,
plant growth may increase, resulting in a greater return of organic matter to the
soil and increased food availability for soil fauna (ALVES, 2007).

No differences among treatments were observed for the Margalef richness
index (Table 4). The highest value of Simpson dominance occurred in the control
treatment (Table 4) and differed from the other treatments. This result is
explained by the presence of organisms belonging to the orders Hymenoptera
and Collembola, which represented 54% and 32%, respectively, of the individuals
collected in this treatment (Table 2).
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The organisms belonging to the order Hymenoptera were mainly represented
by ants, and the most probable reason for the high occurrence of individuals of
this order may be their high mobility capacity (ALVES, 2007; ALVES et al., 2006).
The high number of individuals of the order Collembola in this environment also
indicates a favorable condition for soil health, since, due to their position in the
trophic chain, their functional role in processes related to organic matter dynamics,
and their sensitivity to environmental disturbances, Collembola can be considered
an important component of soil quality (COLEMAN & HENDRIX, 2000).

The most likely explanation for the high occurrence of these organism groups
in the control treatment is the characteristics of the vegetation cover present in
this environment, which is an important factor determining the selectivity of the
organisms composing the soil community (MOCO et al., 2005).

Treatments Indices

Abundance Margalef Simpson Shannon Pielou
Control 95,75D 0,987 A 0,39A 0,496 C 0,673B
Mineral 142,00B 1,010A 0,311 C 0,602 A 0,774 A
Mineral + organic 138,25B 1,014 A 0,335C 0,559B 0,719B
1 x recommended 112,25C 1,060 A 0,359B 0,538 B 0,691B
4 x recommended 199,25 A 0,945 A 0,369B 0,545B 0,699B
CV (%) 7,60 13,54 3,72 5,43 3,56

*Means followed by the same uppercase letter in the column do not differ from each other
according to the Tukey test.

Table 4. Abundance index, Margalef richness, Simpson dominance, Shannon diversity,
and Pielou evenness under different fertilization treatments in wheat cultivation.

The effects of the treatments on the Shannon and Pielou indices were similar.
For both indices, the mineral fertilization treatment showed the best results, with
significant differences compared to the other treatments (Table 4). This may be
explained by the population fluctuation of the orders Coleoptera, Orthoptera, and
Hymenoptera, which allowed a better distribution of individuals among populations
in this treatment.

No significant differences were observed among the poultry litter doses for the
Simpson dominance index (Table 4). The same was observed for the mineral and
mineral + organic fertilization treatments, whose mean values were the lowest and
differed from the other treatments. The highest dominance occurred in the control
treatment, with significant differences compared to all other treatments. The large
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number of individuals belonging to the orders Hymenoptera and Collembola was
responsible for the greater dominance observed in the control. This result highlights
the importance of organic residues as a possible factor influencing variations in soil
fauna groups, since the absence of fertilization in this treatment may have resulted
in lower plant growth and, consequently, lower availability of organic material that
could serve as food for soil organisms.

The populations of functional groups differed significantly among treatments
(Figure 1). The treatment with the highest poultry litter application rate (4 x
recommended) produced the best results for the social and other functional groups.
Once again, it is important to emphasize the role of organic residue addition as a
food base for soil fauna, both through the direct effect of the residue itself and the
indirect effect of increased nutrient availability for plant growth and straw production,
resulting from the application of organic fertilization (BARETTA et al., 2007).

Among all functional groups identified in this study, social insects were the most
abundant (1,283 individuals) (Figure 1). This group consisted mainly of ants. The
high abundance of individuals belonging to the order Hymenoptera is commonly
reported in the literature (MAESTRI et al., 2013; SOUZA et al., 2008; ZARDO et al.,
2010), since this order may inhibit the presence of other orders or interfere with the
availability of plant residues for other groups of organisms (QUADROS et al., 2009).

The importance of social insects is particularly evident in decomposition systems,
either directly or indirectly, due to their feeding habits, which may be saprophagous
and/or predatory (MOCO et al., 2005). In addition, they contribute to nutrient cycling,
plant dispersal, and pollination (PEREIRA et al., 2007). They also play an important
role in the soil aggregation process (PINHEIRO, 1996; OLIVEIRA et al., 2012).
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Figure 1. Functional groups of soil fauna under different fertilization treatments (Control,
Mineral, Mineral + organic, 1x recommended, and 4x recommended) in wheat cultivation.

The second most expressive functional group was the microphages (Figure
1), represented by Collembola. The functional activity of these organisms is based
on the predation of other microorganisms (TORDOFF et al., 2008), as well as the
fragmentation of organic matter and enzyme production, which indirectly influences
soil fertility (BERG et al., 2004; YANG et al., 2012).

The microphage group, represented by Collembola, showed the best results
under the combined mineral and organic fertilization treatment. For the other
functional groups, no differences were observed among the mineral, integrated,
and organic fertilization systems.

CONCLUSIONS

Fertilization management significantly influenced soil fauna structure in wheat
cultivation. The highest poultry litter dose increased the abundance of several
taxonomic groups, particularly Acarina, Coleoptera, Collembola, Hymenoptera,
and Orthoptera, highlighting the importance of organic residue inputs for soil
biological activity.
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Mineral fertilization promoted higher Shannon diversity and Pielou evenness,
indicating a more balanced distribution of soil fauna populations, whereas the control
treatment showed higher Simpson dominance, mainly due to the predominance
of Hymenoptera and Collembola.

Overall, the results demonstrate that fertilization strategies modify soil fauna
communities, with organic residues acting as an important energy source that
supports soil biodiversity in wheat cropping systems.
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