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INTRODUCTION

Soil biological attributes are important 
indicators of changes caused by agricultural practices, 
being useful for monitoring, planning and evaluating 
management practices (Ferreira et al. 2018). 

The permanent maintenance of living plants 
and/or crops is only possible due to the fact that the 
soil surface plays an essential role in sustaining the 
soil biodiversity by acting as a source of balance in 
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the nutrient cycling rate, protecting the soil from 
direct sunlight, adjusting the soil temperature and 
moisture, and offering refuge and habitat for the soil 
fauna (Menandro et al. 2019).

The soil fauna consists of numerous species 
of invertebrates (including microfauna, mesofauna 
and macrofauna) that contribute to organic matter 
decomposition and soil formation, besides interacting 
with microorganisms, thus contributing to the 
maintenance of the soil health and fertility (Brown 
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To preserve a desirable level of soil quality, especially 
taking into consideration its health and sustainability, is not an 
easy task, due to the numerous factors that influence it. This study 
aimed to measure the feeding activity of soil fauna in production 
systems under cover crop straws sampled at the depth of  
0-8.0 cm. A randomized blocks design, with four replicates and 
eight treatments, was used, corresponding to soybean cultivation 
under the following cover crop straws: maize monoculture; 
maize intercropped with Urochloa ruziziensis; U. ruziziensis 
monoculture; sorghum intercropped with U. ruziziensis; sorghum 
monoculture; sunflower intercropped with U. ruziziensis; mix 
(millet + Crotalaria spectabilis + U. ruziziensis); and a fallow 
treatment. At the depth of 1.0 cm, there was a variation of 
63.59-37.06 % for consumption among the treatments, with 
the highest consumption for the mix, if compared to the fallow 
treatment. At the depth of 2.0-7.0 cm, the consumption did not 
vary among the treatments. For the depth of 8.0 cm, the fallow 
treatment presented the highest consumption (45.76 %; p < 0.05), 
when compared to sunflower intercropped with U. ruziziensis 
(20.51 %), sorghum (20.58 %) and sorghum intercropped with 
U. ruziziensis (18.96 %).

KEYWORDS: Glycine max, Urochloa ruziziensis, soil quality.

Atividade alimentar da fauna do solo em sistemas de 
produção sob palhadas de plantas de cobertura

Conservar o nível desejável de qualidade do solo, 
especialmente prezando sua saúde e sustentabilidade, não é 
tarefa simples, devido aos inúmeros fatores que o influenciam. 
Objetivou-se mensurar a atividade alimentar da fauna do solo 
em sistemas de produção sob palhadas de plantas de cobertura 
amostradas à profundidade de 0-8,0 cm. Foi adotado delineamento 
em blocos casualizados, com quatro repetições e oito tratamentos, 
que corresponderam ao cultivo de soja sob palhadas de plantas de 
cobertura: monocultivo de milho; milho consorciado com Urochloa 
ruziziensis; monocultivo de U. ruziziensis; sorgo consorciado com 
U. ruziziensis; monocultivo de sorgo; girassol consorciado com 
U. ruziziensis; mix (milheto + Crotalaria spectabilis + U. ruziziensis) 
e pousio. À profundidade de 1,0 cm, houve variação de 63,59-37,06 % 
no consumo entre os tratamentos, com maior consumo para o mix, em 
comparação ao pousio. À profundidade de 2,0-7,0 cm, o consumo não 
variou entre os tratamentos. Para a profundidade de 8,0 cm, o pousio 
apresentou o maior consumo (45,76 %; p < 0,05), em comparação ao 
girassol consorciado com U. ruziziensis (20,51 %), sorgo (20,58 %) 
e sorgo consorciado com U. ruziziensis (18,96 %).

PALAVRAS-CHAVE: Glycine max, Urochloa ruziziensis, 
qualidade do solo.
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et al. 2015). The absence or reduction of these 
organisms in the soil surface layer (0-10 cm) may 
cause problems in the soil structuring and functioning 
(Baretta et al. 2011). By studying the soil fauna, 
besides evaluating the soil quality, it is possible to 
better understand the production systems occurring 
in the soil (Parron et al. 2015).

To preserve a desirable level of soil quality, 
especially taking into consideration its health and 
sustainability, is not an easy task, due to the numerous 
factors that influence the soil quality, which include 
climate conditions, absence of soil organic matter 
and different plants and managements (Cherubin et 
al. 2015), especially soybean, maize, millet, sorghum, 
crotalaria, sunflower and tropical forage grasses, 
intercropped or in monoculture (Loss et al. 2011). 

Although the soil quality evaluation is 
mainly based on laboratory methods, the soil 
quality evaluation in the field allows farmers, 
technicians and researchers to evaluate soils quickly 
and economically. The bait-lamina method is an 
alternative created by Von Törne (1990), and consists 
of measuring the feeding activity of soil invertebrates 
through blades inserted vertically into the soil. 
Studies using this method are still scarce in Brazil 
(Römbke et al. 2006, Musso et al. 2014, Santana et 
al. 2018, Pessotto et al. 2020). 

Thus, this study aimed to measure the feeding 
activity of the soil fauna in production systems 
under cover crop straws sampled at the soil depth 
of 0-8.0 cm.  

MATERIAL AND METHODS

The experiment was carried out in Rio Verde, 
Goiás State, Brazil (17º47’53”S, 50º55’41”W and 
altitude of 715 m).

The soil of the experimental area is classified 
as Latossolo Vermelho Distrófico (Santos et al. 2018) 
or Oxisol (USDA 2014), with the following physical 
characteristics: 52.0 % of sand, 40.5 % of clay and 
7.5 % of silt (Embrapa 2017). The following indices 
were observed during the study period: a minimum 
temperature of 19 ºC, maximum temperature of 
29 ºC and rainfall of 247 mm were recorded in 
December 2018; and a minimum temperature of 
15 ºC, maximum temperature of 30 ºC and rainfall 
of 197 mm were recorded in December 2019.

The experiment was conducted in a randomized 
blocks design, with four replicates and eight 

treatments, corresponding to soybean cultivation under 
the following cover crop straws: maize monoculture; 
maize intercropped with Urochloa ruziziensis; 
U. ruziziensis monoculture; sorghum intercropped 
with U. ruziziensis; sorghum monoculture; sunflower 
intercropped with U. ruziziensis; mix (millet + 
Crotalaria spectabilis + U. ruziziensis); and a 
fallow treatment (with the absence of a cover crop). 
The cover crop straws treatments originated from 
the 2018 and 2019 off-season crops. Prior to the 
implementation of the study, the area was covered 
by degraded pasture. 

The evaluation of the feeding activity of the 
soil invertebrate fauna was carried out based on the 
ISO 18311 (ISO 2016), which standardizes the use of 
the bait-lamina as an indicator of soil quality under 
field conditions, and on Niva et al. (2021). The bait-
lamina consisted of rods (blades) made of resistant 
plastic, being 120 mm long, 6 mm wide and 1 mm 
thick, with 16 holes of 2 mm in diameter, spaced 
5 mm apart, manufactured using an outsourced 
industrial procedure based on Von Törne (1990) and 
Kratz (1998). A homogeneous mixture containing 
70 % of microcrystalline cellulose, 27 % of oat flour 
and 3 % of activated carbon was used as the bait to 
be consumed by the soil fauna (ISO 2016, Niva et al. 
2021). A total of 576 bait-laminae were used, which 
were divided into 72 bait-laminae per block, in three 
replicates, with 18 bait-blades in the total number of 
replicates. Six bait-laminae were arranged for each 
replicate, being inserted vertically into the soil in two 
rows, with 3 bait-laminae in each row, spaced 20 cm 
apart between the laminae and 20 cm between the 
rows (Figure 1).

The bait-laminae were inserted vertically into 
the soil at a depth of 8 cm, using a knife similar in 
size to the dimension of the lamina and a hammer 
to make a slit to expose the organic material to the 
soil organisms. The experiment was carried out from 
Dec. 21 (2018) to Mar. 01 (2019) in the first year, 
with 62 days of soybean planting, and from Apr. 12 
to Dec. 17 (2019) in the second year, with 30 days of 
soybean planting. During this period, no pesticides 
were applied to the soybean crop, to avoid interfering 
with the results.

After 13 days of the laminae installation, they 
were removed from the ground, stored individually 
in aluminum foil and sent to the laboratory to 
evaluate the bait consumption in each lamina, using a 
magnifying glass to determine the feeding activity at 
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the different depths. The perforations (consumption) 
of the 16 baits attached to each lamina were classified 
using the number 1 when consumption occurred and 
0 when it did not occur. The results were expressed 
as percentage of baits consumed per centimeter of 
depth (ISO 2016, Niva et al. 2021).

To test the treatment effects and depth on the 
soil fauna community, mixed-effect (proc mixed) 
models were used in the SAS University edition 
software. The treatments and depths were considered 
as fixed effects, while the year was considered as 
the random effect. The data were checked for the 
presence of outliers and subsequently for residual 
normality (using the Shapiro Wilk test, with the 
‘shapiro.test’ function of the R software) and 
variance homogeneity (using the Bartlett’s test, 
with the ‘bartlett.test’ function of the R software). 
The consumption data were transformed using the 
arc sine. Means were compared by the Tukey test at 
5 % of probability.

 
RESULTS AND DISCUSSION

In order for the bait-lamina test to be considered 
valid, at least 30 % of the holes containing bait 

material must have been consumed at one of the 
studied depths of the soil profile (ISO 2016). A 
consumption rate greater than 30 % was identified 
at various soil depths in all the tested treatments, 
making the test valid (Table 1). 

The bait consumption rate expresses the 
feeding activity of soil fauna invertebrates. Regarding 
the analyzed effects, the following p values were 
observed: Treatment P < 0.0001; Year P < 0.0001; 
Treatment * Year P < 0.0001; Depth P < 0.0001; 
Treatment * Depth P = 0.0489; Year * Depth P = 
0.0384; and Treatment * Year * Depth P = 0.0222. 
In almost all the treatments, a decrease in the feeding 
activity was observed at greater depths (Table 1). This 
behavior was expected, as most the organisms are 
found in the most superficial soil layer, where there 
is usually a greater biological activity for organic 
matter decomposition (Baretta et al. 2011, Brown et 
al. 2015) and a greater accumulation of organic matter 
favors the feeding activity. These results corroborate 
those found by Filzek et al. (2004), Casabé et al. 
(2007), Hamel et al. (2007), Podgaiski et al. (2011), 
Musso et al. (2014) and Niva et al. (2021), who 
verified a gradual decrease in food consumption at 
greater depths.

Figure 1. Scheme of the experimental area: A) division of randomized blocks with four replicates and eight treatments, with each 
treatment consisting of an area of 12 m wide x 150 m long; B) arrangement of the bait-laminae inserted vertically into 
the soil in two rows, with three bait-laminae in each row, spaced 20 cm apart between laminae and 20 cm apart between 
rows. Ruzi: Urochloa ruziziensis; M + R: maize intercropped with U. ruziziensis; S + R: sorghum intercropped with 
U. ruziziensis; G + R: sunflower intercropped with U. ruziziensis; mix: millet + Crotalaria spectabilis + U. ruziziensis.
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The mix treatment presented the highest 
consumption (63.59 %), when compared to the fallow 
treatment (37.06 %), at a depth of 1.0 cm; while the 
fallow treatment showed higher values at deeper 
layers, presenting an inverse behavior if compared to 
the mix treatment (Table 1). The fallow treatment is 
an area without planting, where the only vegetation 
for 8 months (before the soybean was planted) were 
herbs, usually without the ability to form sufficient 
soil cover. The present test was carried out when the 
soil was well exposed, with only a reduced amount 
of straw of herbaceous plants distributed sparsely 
and heterogeneously on the soil. This condition may 
have disadvantaged the habitat for invertebrates in 
the upper layers due to the lack of the ‘food’ resource 
(organic matter and microorganisms). In addition, 
the incidence of sunlight on the uncovered soil 
raised the temperature and dried the surface layers 
quickly, what may lead the invertebrates to seek 
a more favorable environment for their activity at 
deeper soil layers. 

The mix treatment and the treatments with 
sorghum as cover crop showed the most pronounced 
decrease in the feeding activity at the depth up 
to 8 cm (Table 1). The mix treatment showed 
substantially higher values than all the other 
treatments at all depths, except for 8.0 cm, differing 
significantly only from the fallow treatment at the 
1.0 cm layer (Table 1). This result suggests that the 
mix treatment was the most favorable among all the 
studied treatments to maintain the feeding activity 
of invertebrates in the upper soil layers. Podgaiski 
et al. (2011), who evaluated the feeding activity of 
soil invertebrates in grasslands of southern Brazil, 
observed a food consumption of 63.2 % at the depth 

of  0.5-2.0 cm, which are results similar to those 
found in the present research.

The layers at the depth of 5.0-10.0 cm are 
characterized by low permeability, generally presenting 
a hard structure, with limited porosity and little 
biological activity (Yagi et al. 2014). In the present 
study, depths of 2.0-7.0 cm presented a consumption 
without variation among the treatments (Table 1). 
Layers deeper than 7 cm were the ones that showed 
a significant reduction of feeding activity in the 
treatments with sorghum, sorghum intercropped 
with U. ruziziensis and sunflower intercropped 
with U. ruziziensis, suggesting that the different 
combinations of cover plants may influence the 
feeding activity at different soil depths.

At the depth of 8.0 cm, the fallow treatment 
presented the highest consumption (45.76 %; 
p < 0.05), when compared to the treatment with 
cover crop straws of sunflower intercropped with 
U. ruziziensis, sorghum and sorghum intercropped 
with U. ruziziensis, which presented consumptions 
of 20.51, 20.58 and 18.96 %, respectively (Table 1). 
The greater activity at deeper layers suggests that the 
fallow treatment did not favor the activity of the soil 
fauna in the surface layers probably due to the lack 
of organic matter and moisture.

According to Klimek et al. (2015), who 
observed an average fauna activity in soils of seven 
types of temperate forests ranging from 1.5 to 2.8 % 
of hole drilling per day of experiment (during 12 days 
of exposure), the result of the present study during 
the 13-day exposure is higher. Römbke et al. (2006), 
who studied the feeding activities of soil fauna in the 
Amazon, found a fauna activity of 6.8-17.5 % per day 
(in four days of exposure). The present study showed 

Table 1. Mean values in depth (1.0-8.0 cm) for the feeding activity of the soil fauna as a function of cover crop straws in integrated 
production systems, after 13 days of bait-lamina exposure.

Depth
(cm)

Consumption (%)
MSE7

Mix2 Sorghum Maize M + R3 G + R4 Ruzi5 S + R6 Fallow
1  63.59 a1   57.78 ab   53.81 ab   53.20 ab   44.49 ab   41.48 ab   42.30 ab 37.06 b 5.73
2 48.45 a 47.04 a 43.62 a 44.73 a 39.15 a 31.39 a 37.09 a 31.62 a 5.24
3 41.23 a 31.11 a 34.59 a 34.99 a 41.29 a 24.97 a 30.47 a 28.92 a 4.57
4 40.13 a 25.59 a 34.81 a 31.97 a 35.67 a 29.66 a 28.14 a 28.57 a 4.97
5 37.86 a 23.84 a 28.59 a 29.78 a 31.24 a 24.85 a 23.74 a 27.50 a 5.00
6 35.60 a 22.60 a 28.16 a 23.69 a 27.28 a 24.43 a 23.06 a 31.94 a 4.37
7 38.97 a 20.73 a 32.08 a 24.35 a 26.36 a 30.12 a 23.68 a 36.91 a 4.30
8   41.32 ab 20.58 c     34.05 abc   30.48 bc 20.51 c   35.98 ab 18.96 c 45.76 a 3.91

Mean 43.39 a 31.16 c   36.21 ab   34.15 bc   33.25 bc   30.36 bc 28.43 c   33.54 bc 1.69
1 Values followed by the same letter in the row do not differ from each other by the Tukey test (p < 0.05); 2 millet + Crotalaria spectabilis + Urochloa ruziziensis; 3 maize 

intercropped with U. ruziziensis; 4 sunflower intercropped with U. ruziziensis; 5 U. ruziziensis; 6 sorghum intercropped with U. ruziziensis; 7 mean standard error.
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a consumption of 0.7-1.5 % per day (in 13 days), 
in the different treatments, while the consumption 
observed was 7.1 % in the reference area with native 
vegetation, which are values consistent with the 
aforementioned studies.

The invertebrates feeding activity reported 
in the present study suggests that the mix treatment 
was the most favorable for the maintenance of the 
biological activity of the soil fauna that contributes 
to organic matter decomposition, while the fallow 
treatment was the least favorable. The mix treatment 
consisted of millet, crotalaria and brachiaria. 
Birkhofer et al. (2011) found that the greater diversity 
of grasses and legumes increased the feeding activity 
and biomass of earthworms in a temperate climate 
region, what could explain the greater activity 
observed in areas with the use of mix. However, 
taking into consideration that the study was carried 
out in two years of cultivation of different cover 
crops, the effect of the different managements on the 
soil may be intensified in the coming years. Thus, it 
would be advisable to evaluate the feeding activity 
of the soil fauna in the studied area after a few more 
years, to verify the cumulative effect of the applied 
agricultural practices on the soil health, along with 
other biological, chemical and physical parameters.

 
CONCLUSIONS

1. The production systems under the straw cover crops 
sampled at the depth of 1.0 cm had a variation of 
63.59-37.06 %, with a higher consumption for 
the mix, when compared to the fallow treatment;

2. At the depth of 2.0-7.0 cm, the consumption did 
not vary among the treatments;

3. For the depth of 8.0 cm, the fallow treatment 
presented the highest consumption (45.76 %), 
when compared to sunflower intercropped 
with Urochloa ruziziensis (20.51 %), sorghum 
(20.58 %) and sorghum intercropped with 
U. ruziziensis (18.96 %).
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