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Land use change (LUC), specifically the cultivation of monoculture sugarcane, can
negatively impact soil biodiversity, leading to a decline in soil health and ecosystem
functioning. However, while studies focusing on macrofauna and microorganisms
are more frequent in the literature, the impacts of LUC on mesofauna are still little
known. Therefore, this study aimed to investigate the impacts of the predominant
LUC for sugarcane production in Brazil on the diversity of edaphic mesofauna in soils
with contrasting textures. In addition, we assessed correlations between biodiversity
and soil properties chemical, biological, and physical attributes. We took samples
from two sites (clayey and sandy soils) in southeastern Brazil. The sequence of LUC
included i) native vegetation (NV), i) pasture (PA), iii) sugarcane (SC), and iv) sugarcane
ratoon (SCr). In the rainy season, monoliths (25 x 25 x 10 cm), soil samples were
collected at 0-10, 10-20, and 20-30 cm to assess soil mesofauna, soil chemical (pH,
soil organic matter, phosphorus, sulfur, potassium, calcium, magnesium, potential
acidity, cation exchange capacity), physical (soil porosity) and biological (microbial
biomass carbon and nitrogen) properties. The mesofauna taxonomic groups were
quantified after the classification. Briefly, a total of 22 taxonomic groups were
classified. The most predominant groups were non-oribatid mites, oribatid mites,
and Collembola. Richness and abundance were lower in the three land uses studied
(PA, SCr, SC) compared to the intercept (NV). In clayey soil, diversity decreased from
NV to PA (-0.68 + 0.27) and SC (-0.55 + 0.27) but not to SCr. In sandy soil, land use
significantly impacted the mesofauna diversity and evenness index, significantly
reducing these indexes in SCr in relation to NV. Although land use change towards
more intensified systems resulted in a loss of richness and abundance of soil
mesofauna, sugarcane cultivation over the years can recover the diversity of
mesofauna in clay-textured soils. These results provide a scientific background to
better understand the LUC effects on sugarcane cultivation and support the
establishment of sustainable practices that enhance soil health and biodiversity in
different soil textures. This study highlights the need for tailored land management
considering soil texture and biodiversity for improved ecosystem services.
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1 Introduction

Soils host more than half of the Earth’s biodiversity (Anthony
et al,, 2023). Biodiversity comprises the three domains of life,
Bacteria, Archaea, and Eukarya, which are indispensable drivers
of the composition and ecosystem functions. They govern global
biogeochemical cycles and directly influence climate change and
human health (Crowther et al., 2019; Banerjee and van der
Heijden, 2023).

Soil organisms can be classified according to size, divided into
macrofauna, mesofauna, microfauna, and microorganisms (Lavelle
et al., 2006). The mesofauna includes invertebrates, such as
Oligochaeta (Enchytraeidae family), Symphyla (symphylans),
Pauropoda (pauropods), Protura (proturans), Diplura (diplurans),
Collembola (springtails), Arachnida and Insecta with a size between
0.2 and 2 mm (de Morais et al., 2010). These organisms have an
essential role in the soil food web and consequently in the soil
functioning, acting as predators of microorganisms, plants, and
other invertebrates and performing crucial functions as
decomposers such as the fragmentation of organic material,
nutrient cycling, and soil formation (Pulleman et al, 2012).
Furthermore, they are highly sensitive to land use practices,
which makes them valuable indicators of terrestrial ecosystem
health (Baretta et al., 2011; Duran-Bautista et al., 2020).

The diversity of mesofauna is intrinsically linked to the physical
and chemical properties of the soils, making them valuable drivers of
pore formation and nutrient cycling (Porre et al, 2016) but also as
indicators of changes in soil properties (Pereira R de et al., 2012; Rieff
et al, 2016). Their rapid response to environmental changes and
sensitivity to pesticides and soil amendments make them suitable soil
health indicators (Joimel et al., 2022). The Soil Biological Quality
Index (BSQ) considers the presence/absence of soil mesofauna as a
soil quality indicator (Parisi et al., 2005). Other studies have
computed soil quality indices based on the combination of
mesofauna abundance and specific characteristics (Yan et al., 2012).
Abundances of Acari and Collembola have proven instrumental in
elucidating biotic responses to land use intensity and impacts in
ecosystems (Black et al, 2003; Rutgers et al., 2009; George et al.,
2017). Despite ongoing tradeoff regarding the taxonomic resolution
and specific characteristics of mesofauna, total mesofauna abundance
is already acknowledged as a valuable soil quality indicator (Arbolaez
et al., 2023). In addition, reducing soil biodiversity directly impacts
soil functions, nutrient cycling, and organic matter decomposition
(Handa et al,, 2014; De Graaft et al,, 2015). Agricultural management
can negatively impact the mesofauna community, whether through
the use of mineral fertilizers (Cao et al, 2011; Su et al, 2015),
pesticides (Roy et al, 2009), and tillage activities (Heisler and
Kaiser, 1995). However, those effects are little known in tropical
soils under LUC for large-scale agricultural expansion, such as those
occurring for sugarcane in Brazil.

Previous studies conducted in Brazil have revealed the impacts
of LUC and sugarcane cultivation on soil macrofauna (Franco et al.,
2016; Menandro et al., 2019; Cherubin et al., 2021b; Vanolli et al.,
2021; Vanolli et al., 2023) and microrganisms (Pimentel et al., 2019;
Morais et al., 2020). However, the effects of management practices
on soil mesofauna in Brazilian sugarcane fields remain unexplored.
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The impact of practices such as inadequate sugarcane straw removal
and intensive soil management on soil health depends on variables
such as climate and soil composition (Cherubin et al., 2021a).
Researchers observed that sandy soils are more susceptible to
degradation than clayey soils, indicating that straw removal
should be avoided in sandy soils. Additionally, physical
degradation has been identified as the primary factor contributing
to declining soil health in clayey soils.

This study aims to link land management in different soil texture
and biodiversity for improved ecosystem services. Therefore, our
study aimed to analyze the impacts on the abundance and
community of mesofauna in areas where native vegetation has been
converted into extensive pasture and then into sugarcane plantations.
In addition, two different soil classes were considered, clayey and
sandy, in the southeastern region of Brazil. The underlying
hypothesis is that sugarcane cultivation may represent an
alternative for recovering degraded pasture areas based on the
mesofauna’s dynamics and resilience after the land use change.

2 Materials and methods
2.1 Description of study sites

The study was carried out in the southeastern Brazil, the main
sugarcane-producing region of the world, in Manduri (Latitude 23°
0'10” S, and Longitude 49°19°19” W) and Brotas (Latitude 22°17°4”
S, Longitude: 48°7°39” W) municipalities, Sio Paulo state, Brazil
(Figure 1). Manduri has a Cfa climate (Koppen and Geiger
classification), with an average annual rainfall of 1249 mm and an
average temperature of 19.8°C, while Brotas has a Cwa climate
(Koppen and Geiger classification), with an annual rainfall of 1,337
mm, concentrated from October to March and an average
temperature of 20.0°C (Alvares et al, 2013). The rainy season
starts in the spring-summer transition and typically lasts between
October and March, and the dry season in the fall and winter, from
April to September. Manduri has clayey soil (average 576 g kg ' for
the 0-30 cm layer), while Brotas has sandy soil (average 87 g kg™ for
the 0-30 cm layer). In the taxonomic context, sandy soils are
classified as Arenossolos (WRB, 2015) or Quartzipsamments
(USDA-Natural Resources Conservation Service, 2014), while
clayey soils fall into Ferralsols (WRB, 2015) or Oxisols (USDA-
Natural Resources Conservation Service, 2014). A detailed chemical
analysis of the soil was carried out in a previous study by (Vanolli
et al., 2023).

2.2 Soil sampling

A synchronous approach was adopted, based on space-for-time
substitution, using a chronosequence to evaluate different types of
land use, namely: i) Native Vegetation (NV) - representing a
fragment of Atlantic Forest as a natural ecosystem reference; ii)
Extensive Pasture (PA) - subjected to continuous grazing
management without the application of fertilizers or liming, using
brachiaria as a forage plant; iii) Newly planted sugarcane (SC) - area
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Geographical locations depicted for the study sites in Brazil (A) and the state of Sdo Paulo (B), focusing on the cities of Manduri/SP (C) with clayey
soil and Brotas/SP (D) with sandy soil. The figure highlights diverse experimental areas with distinct land uses: Native Vegetation Area (NV), Extensive

Pasture (PA), Newly Planted Sugarcane (SC), and Sugarcane Ratoon (SCr).

converted to sugarcane cultivation in October 2018, from an area of
extensive pasture, using conventional tillage techniques; and iv)
Sugarcane ratoon (SCr) - areas cultivated with sugarcane in second
ratoon (on sandy soil) and third ratoon (on clay soil), being subjected
to conventional cultivation practices with mechanized harvesting and
without straw removal. The four types of land use were established in
contiguous areas to mitigate possible effects resulting from climatic,
topographical, and soil variations. Detailed information on the land
use history and concise descriptions of the management operations
on the study sites can be found in (Vanolli et al., 2023).

The soil mesofauna was collected at the end of the rainy season
between March and April 2019. In each land use area, with an
approximate extension of 2.25 hectares, four sampling points were
designated, 50 meters apart in each study site. Thus, the total
number of sampling points was 16 per area (ie., four types of
land use multiplied by four sampling points). Samples of edaphic
mesofauna were collected at three different depths: 0-10 cm, 10-20
cm, and 20-30 cm. Using the “Tropical Soil Biology and Fertility”
(TSBF) methodology, monoliths 25 cm long, 25 cm wide, and 10 cm
deep (Anderson and Ingram, 1989).

2.3 Extraction and counting of mesofauna

The mesofauna samples were extracted using Berlese-Tiillgren
funnels, a method widely used due to its practicality and low cost. It
involves transferring the soil into stainless steel funnels under 25W
incandescent lamps over ten days (Freire et al., 2015). At the top of
the funnels is a heat source, while at the bottom is a container with a
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70% alcohol solution. As the soil absorbs heat, the arthropods
migrate downwards and fall into the sampling container and are
then selected through a 2 mm sieve (maximum body diameter for
mesofauna organisms) located at the base of the funnel. The
biological components of the mesofauna were quantified
according to their size classification (organisms larger than 0.02
mm and smaller than 2 mm) and taxonomically identified down to
phylum (Nematoda), class (Diplopoda, Chilopoda, Symphyla and
Pauropoda), subclass (Oligochaeta), order (Acariformes non-
oribatid, Collembola, Protura, Diplura, Araneae, Blattodea,
Diptera, Coleoptera, Pseudoscorpionida, Lepidoptera,
Thysanoptera and Psocodea), suborder (Isoptera, Heteroptera and
Oribatid), and family (Formicidae) using optical stereoscopic
microscopes with 40 x magnification. Therefore, microscopic
organisms, such as nematodes, were only considered when larger
than 0.02 mm. Deformed samples for chemical characterization,
microbial biomass carbon and nitrogen, and undeformed samples
for soil physical analysis were collected at the same points and times
as the mesofauna data, and these data were used to verify
correlations between soil chemical attributes and soil mesofauna.

2.4 Chemical, physical, and biological
parameters of the soil

We quantified the microbial biomass carbon (MBC) and
nitrogen (MBN) using the chloroform extraction method
according to (Sparling and West, 1988) and (Vance et al., 1987).
In the case of MBC, the values were calculated by subtracting the
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organic carbon from fumigated and non-fumigated soil samples,
using a correction factor (kEC) of 0.33 (Sparling and West, 1988).

The concentrations of calcium (Ca®"), magnesium (Mg2+),
potassium (K"), phosphorus (P), and sulfur (S-sulphate) were
determined using analytical methods described by (Van Raij
et al, 2001). Soil pH (pH CaCl, 0.01 mol L) and potential
acidity (H+Al) were assessed using a SMP solution. In addition,
base saturation (BS%) and potential cation exchange capacity
(CEC,p7) were calculated, as well as organic matter (OM), which
was quantified using a colorimetric method with sulfuric acid (Van
Raij et al., 2001).

Undeformed soil samples were collected at different depths to
assess the physical properties of the soil using volumetric rings with
a volume of approximately 100 cm®. Gravimetric moisture and soil
bulk density (BD) were measured. The dry mass of the soil was
divided by the volume of the ring to calculate BD. The volumetric
water content (0) was calculated based on the relationship between
BD and gravimetric moisture. In addition, macro (MaP), meso
(MeP), and microporosity (MiP) were calculated based on pore
distribution, classifying macropores as those with a diameter >50
pum, mesopores with a diameter between 50 and 15 pum, and
micropores with a diameter<15 um and total porosity were also
determined (Equation 1) (Cavalcanti et al., 2020).

TP = [1 - (BD/PD)]; MaP = TP - 630hPa; MeP
= 630hPa - 0100hPa; MiP = 6100hPa (1)

Where TP represents the total porosity, PD is the particle
density, 630 h Pa and 6100 hPa are the volumetric water contents
under tensions of 30 and 10 hPa, respectively.

2.5 Data analysis

We sought to evaluate if land use affects the biodiversity of soil
mesofauna, combining various measurements, including the total
density of organisms per square meter, taxonomic richness
(number of mesofauna groups), and the Shannon diversity (H’)
and Pielou evenness (E) indexes. The Shannon and Pielou indexes
help assess the biodiversity of mesofauna communities’ biodiversity
by considering the number of different species and the relative
density of each species in the sample.

The Shannon index will be calculated using Equation 2.

H' = —}S)(pi log, pi) (2)
i=1

Where: H” = Shannon index. X = Total number of taxa found at
the site. pi = Relative abundance (proportion) of species “i” in
the sample.

The Pielou evenness index measures the evenness of the
community and ranges from 0 to 1; it indicates how equally the
proportions of species are distributed in the community. The Pielou

index will be calculated using Equation 3.

H/
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Where E= Pielou index; H’= Shannon index; S = the number of
species or groups; In = logarithm in the natural base.

Overall, the Shannon and Pielou indexes are versatile tools that
help us to understand the biodiversity of mesofauna to analyze the
relationship between soil mesofauna variables (abundance, group
richness, Shannon and Pielou indexes) and land use; we used linear
mixed-effects models. The fixed effects are related to the response
variable we are studying and the independent variables (land use
and depth). The random effects capture the variation not explained
by the fixed effects, and in this study, we consider the random
variability between different sites as a random effect.

We calculated both the marginal R (proportion of variance
explained by the independent variables) and the conditional R (also
considering the random effect) for each model. To assess the
significance of the effects, we compared full models with effects
versus models without these effects, using p-values. These models
allowed for a more direct approach to understanding the responses
of mesofauna to these variables, providing specific interpretability
and detailing individual effects. All analyses were carried out using
R software, version 4.3.1, and specific packages, including nlme,
vegan, and ggplot2.

The methodology used to evaluate non-oribatid mites,
collembolans and oribatid mites in relation to land use change in
the 0-30 cm soil layer involved all the individuals found in 1m?2 for
all soil layers summed together, submitting the evaluated data to the
analysis of variance (ANOVA). The normality of the data was
confirmed through the Shapiro-Wilk test, when the F value was
significant (F<0.05), the data was compared using the Tukey mean
comparison test with a probability of 5% (p<0,05). The effect of land
use on the mesofauna community for each site was tested by
perMANOVA test using the adonis function of R package vegan
(Oksanen and Simpson, 2009). The principal component analysis
(PCA) was performed by the fviz_pca_biplot function from the
factoextra package to visualize these differences (Kassambara and
Mundt, 2017). The ellipses represent the Euclidean distance from
the centroid of each land use with a 95% confidence level. The PCAs
were performed for each site aiming to visualize the differences in
mesofauna community alone and the mesofauna community
associated with the soil properties (pH CaCl,; soil organic matter
content: OM; P: phosphor extracted with resin; S: sulfur; K:
potassium; Ca: calcium; Mg: Magnesium; H*Al: potential acidity;
BS: sum of bases; CEC: cation exchange capacity; BS: bases
saturation; MBC: microbial biomass carbon; MBN: microbial
biomass nitrogen; BD: bulk density; Porosity: total porosity;
Macro, meso and micro-porosity) in the different sites and
land uses.

3 Results

3.1 Description of organisms distribution
across soil texture and land use

A total of 11950 individuals m™ were collected, 5168 in clay soil

and 6782 in sandy soil (Table 1). These individuals were grouped
into 22 distinct taxonomic categories, including Oligochaeta,
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Acariformes (Non-Oribatid), Oribatid, Collembola, Protura,
Diplura, Formicidae, Diplopoda, Chilopoda, Heteroptera,
Blattodea, Diptera, Isoptera, Coleoptera, Nematoda, Symphyla,
Pauropoda, Pseudoscorpionida, Lepidoptera, Thysanoptera and
Psocodea. Sixteen of these taxonomic groups were found in both
soil textures (Figure 2). However, five groups, Symphyla,
Pauropoda, Pseudoscorpionida, Lepidoptera, and Thysanoptera,
were found exclusively in clay soil, indicating a possible
preference for this soil texture. On the other hand, the Psocodea
group was only found in sandy soil (Figure 2).

In both sites, there was a greater abundance of mesofauna in the
areas of native vegetation, 2,784 individuals m2in the clay soil and
4,708 individuals m™ in the sandy soil, as well as in the areas of
sugarcane cultivation, with observations of 1176 individuals m~2in
the clay soil and 1172 individuals m? in the sandy soil (Table 1).
When assessing the relative abundance of organisms, the
Acariformes (Non-Oribatid) were the group with the highest
relative abundance in all the areas studied, in clay soil NV 42.0%;
PA 33.6%; SCp 68.7%; SCr 61.4%, in sandy soil NV 56.9%; PA
72.4%; SCp 48.5%; SCr 75.7% (Figure 3). The results showed that
Collembola were the second most abundant group in the studied
areas, except the PA. In clay soils, Collembola represented 19% of
the mesofauna community in NV, 3% in PA, 5% in SC, and 8% in
SCr, while in sandy soils, they were 30% in NV, 1% in PA, 47% in
SC, and 11% in SCr (Figure 3). In the PA, the Formicidae group was
the second most abundant in clay soils, with 51%, while in sandy
soils, it was the Coleoptera (4%). The third most abundant group
studied were oribatid mites, with higher abundance (17%) in the
pasture area on sandy soil (Supplementary Table SI).

When analyzed separately, the effect of land use on the three
main groups of mesofauna, Acari non-oribatid, Acari oribatid, and
Collembola, higher abundance of non-oribatid mites was observed
in NV, followed by a higher abundance of this group in SC in the
clayey soil (Figure 4). For PA and SCr, no significant differences
were found between them. Abundance was lower than in the NV
and SC areas (Figure 4). Concerning oribatid mites, NV and SC had
a higher abundance of this group, while PA and SCr had a lower
abundance. For the sandy soil, there was a greater abundance of
non-oribatid mites in NV, while in the less diversified systems, such
as PA, SC, and SCr, there was a reduction of this group (Figure 4).
The same occurred with oribatid mites, with a predominance in NV
and a reduction in PA, SC, and SCr, with no significant difference
between them. The Collembola were more abundant in NV and SC
than in PA and SCr in both soil textures (Figure 4).

3.2 Abundance, richness, diversity, and
evenness of edaphic mesofauna

Land use change significantly affected the abundance, richness,
diversity, and evenness of edaphic mesofauna in clay soil (Figure 5).
The richness and abundance were lower for the three land uses (i.e.,
PA, SCr, SC) compared to the intercept (NV) (p<0.05). PA
experienced a reduction of -4.25 taxonomic groups +1.50
(standard error) in richness, SC reduced by -4.75 taxonomic
groups *1.50, and SCr reduced by -4.00 taxonomic groups +1.50

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1305115

(Figure 5). The abundance was also reduced due to land use change,
with PA being unaffected, while SC showed a reduction of -820
individuals m™ + 354.3 and SCr showed a reduction of -812
individuals m™? + 354.3 (Figure 5). The Shannon index (H')
revealed lower indexes in PA (-0.68 + 0.27) and a reduction in SC
(-0.55 + 0.27) (Figure 5). However, there were no significant
changes in diversity for SCr compared to NV (p>0.05), indicating
no major impact on the diversity of soil mesofauna in the SCr. The
Pielou index (E), with PA showing a reduction of -0.22 + 0.09, SC
showing a reduction of -0.18 + 0.09, and SCr not affecting the
equality of the mesofauna population (p>0.05) (Figure 5). There
was no interaction between land use and depth and no significant
differences in the indexes across soil depths.

For the sandy soil, abundance (abundance rzmarginal = 0.329,
P conditional = 0.416) and richness (I’ marginal = 0456, Iconditional =
0.526) were reduced with soil depth (p<0.05) (Figure 6). The
abundance of soil mesofauna was low in the 10-20 cm (-1820
individuals m™? + 774.8) and 20-30 cm (-2256 individuals m™ =+
774.8) layers compared to the 0-10 cm layer. However, there were no
significant interactions between land use and soil depth. For taxa
richness, in the 10-20 cm layer richness was not significantly affected
(p>0.05), while in the 20-30 cm layer, there was a reduction of -2.50
taxonomic groups + 1.26 compared to the surface layer (p<0.05)
(Figure 6). Both the abundance and richness of mesofauna were
reduced in PA (-2636 individuals m? + 774.8; -3.25 + 1.26), SC
(-1844 individuals m?2 + 774.8; -3.25 taxonomic groups + 1.26), and
SCr (-2392 individuals m™> + 774.8; -3.50 + 1.26), with the SCr area
showing the lowest diversity (Figure 6). The study found that land use
had a significant impact on the diversity index (H’) and mesofauna
equability (E) (p<0.05; r*marginat = 0.302, conditionat = 0.392), with a
significant reduction in these indexes in SCr, -0.626 + 0.313 (p<0.05),
there were no significant changes in PA and SC compared to NV
(p>0.05) (Figure 6). Soil depth did not affect these indexes (p>0.05),
and there was no interaction between land use and soil depth
regarding their effects on the diversity index and mesofauna
equability (p>0.05).

3.3 Correlation between mesofauna
groups and soil chemical, physical, and
biological attributes across land use

The mesofauna community was only affected by the land use in
the clayey soil, where the NV was different from the others
(Supplementary Table S2, Figure 8). When the principal
component analysis was plotted with the soil properties, the PA
differentiated from the sugarcane soil in the clayey soil. However,
SC and SCr clustered together (Figure 7). SC with SCr was largely
due to the soil’s chemical attributes, like those of corrected
agricultural soil. In addition, some physical attributes, such as soil
porosity, and biological attributes, such as microbial biomass
carbon, were clustered with mesofauna groups, including
Diplopoda, Oligochaeta, Chilopoda, and Protura. Soil organic
matter clustered with Acari oribatid, Collembola, Symphyla, and
Diplura. The pasture areas were grouped close to the Formicidae
and Heteroptera groups (Figure 7).
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TABLE 1 Abundance (individuals m~2) and standard deviation of edaphic mesofauna groups in the 0-30 cm layer in different land uses, N = 4.

Clayey Sandy

Taxonomic Native Extensive Sugarcane Native Extensive Sugarcane

level vegetation pasture SLEFIEANE ratoon vegetation pasture SHLERERN ratoon
Oligochaeta Subclass 8 0 12 4 12 0 24 12
Acariformes 1168 288 808 216 2680 220 568 460
(Non-oribatid) Order
Oribatid Suborder 204 24 84 16 196 52 4 24
Collembola Order 524 24 60 28 1424 4 556 68
Protura Order 88 24 64 4 180 0 0 4
Diplura Order 112 4 12 0 36 0 0 0
Formicidae Family 164 440 20 36 36 0 8 8
Diplopoda Class 16 0 0 0 16 0 0 0
Chilopoda Class 28 0 0 0 4 0 0 0
Heteroptera Suborder 0 16 4 4 28 8 0 4
Araneae Order 16 8 12 0 0 0 4 0
Blattodea Order 0 8 0 4 0 4 0 0
Diptera Order 4 0 0 4 8 0 0 0
Isoptera Suborder 24 4 28 4 4 0 0 0
Coleoptera Order 48 8 16 4 28 12 0 8
Nematoda Phylum 8 0 0 8 48 4 8 20
Symphyla Class 292 0 4 16 0 0 0 0
Pauropoda Class 60 0 52 4 0 0 0 0
Pseudoscorpionida Order 12 0 0 0 0 0 0 0
Lepidoptera Order 4 0 0 0 0 0 0 0
Thysanoptera Order 4 8 0 0 0 0 0 0
Psocodea Order 0 0 0 0 8 0 0 0
Total 2784 856 1176 352 4708 304 1172 608
Richness (number 19 12 13 14 15 7 7 9

of taxa)
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4 Discussion

4.1 Implications of land use change on the
abundance, richness, diversity, and
evenness of edaphic mesofauna in
contrasting soil textures

The study tackled the substantial impact of land use change and
management practices on soil biological attributes. Our research
systematically investigated alterations in the abundance, richness,
and diversity of soil mesofauna resulting from the conversion of
natural vegetation into pasture and sugarcane cultivation,
specifically examining these dynamics independently of soil
textures (i.e., clayey or sandy soils). This scientific inquiry yields
interesting insights into the relationships between land use change
and the abundance and diversity of edaphic mesofauna while
concurrently revealing the interesting role played by soil texture
in shaping these ecological dynamics.

Soil disturbance, such as the cultivation of sugarcane or
extensive grazing, has the potential to induce significant
environmental changes. These alterations impact not only the
structural characteristics of the habitat but also the availability of
essential resources, thereby leading to consequential shifts in the

Frontiers in Ecology and Evolution

community of soil mesofauna (van Capelle et al., 2012; Howe and
Smith, 2021). These disturbances may homogenize ecosystems
compared to native vegetation, where niche diversification is
more pronounced. The shift towards intensified sugarcane
cultivation and extensive grazing may negatively impact the
diversity and uniformity of soil invertebrate communities,
potentially compromising essential ecosystem services such as
nitrogen cycling (Gergocs et al., 2022), decomposition, nutrient
cycling, and soil formation, thereby facilitating water supply and
regulating local erosion and climate (Lavelle et al., 2006; Barrios,
2007; George et al., 2017).

In our study, we observed differences in the community of
mesofauna community resulting from alterations in both land use
and soil texture. Our results indicated that the impact of sugarcane
cultivation on the structure of mesofauna community was
comparatively lower in response to changes in land use within
clayey soil, providing support for our hypothesis specific to this soil
texture. In the clayey soil, SCr had no negative impact on the
diversity and evenness of the mesofauna compared to NV, as
observed for the Shannon and Pielou indexes, respectively. These
results suggest that mechanized sugarcane harvesting, without
burning and straw removal, can create a suitable environment for
the survival and establishment of mesofauna, offering adequate
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Arithmetic means and standard errors of total abundance (A) and taxa richness (B) Shannon diversity (C) and Pielou equability index (D) of edaphic

mesofauna as a function of land use in Clayey soil (n = 4).

habitat and resources. In addition, clayey soils can recover more
quickly from disturbances caused by the land use change, providing
an environment that is more stable for mesofauna. This contrasts
with sandy soils, which typically possess limited aggregation and
lower water and nutrient retention capabilities than clayey soils
(Reichert et al., 2009; Reichert et al., 2016). Therefore, these results
highlight the need to consider not only the type of disturbance but
also the characteristics of the soil when assessing impacts on
edaphic mesofauna.

When investigating the impact of the conversion of native
vegetation into pasturelands, PA had a lower diversity of
mesofauna compared to NV. Diversity loss can be attributed to
several factors, among which animal trampling during extensive
pasture management stands out, as it leads to soil compaction
(Mayel et al.,, 2021). Tsiafouli et al. (2015), observed that agricultural
intensification through extensive and intensive pasture rotations
tends to consistently simplify the diversity of the soil food web,
potentially impacting its overall functioning. As a result, pasture
areas can induce alterations in the community of soil fauna,
favoring more adapted groups to this habitat conditions, such as
ants (Esquivel et al., 2019; Vanolli et al., 2023). The prevalence of
the Formicidae family in pasture areas and under clayey soil
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accounts for the lower diversity and evenness observed in the
mesofauna community.

In sandy soil, SC had a relatively milder impact on the reduction
of total mesofauna abundance compared to PA and SCr, albeit with
a prevailing dominance of Collembola and non-oribatid mites.
Similarly, SCr had the lowest richness, with approximately 75% of
the total abundance belonging to the same group (non-oribatid
mites). The soil biota positively relates with pore spaces and
nutrient cycling (Porre et al., 2016) affected by tillage intensity.
However (Cherubin et al., 2021a), demonstrated that the soil health
of Brazilian sugarcane fields is closely linked to variables such as soil
texture (van Capelle et al, 2012). found that tillage intensity
significantly impacts collembolans, with the effects depending on
the soil texture. Collembola species that rely on a connected
network of soil pores and have limited burrowing activity were
found to be negatively affected by plough less tillage in clayey soils.
Our results align with these findings, as we found that the recent
planting of sugarcane did not alter the diversity of mesofauna in
sandy soils.

Therefore, our study indicates that the impact of land use on the
biodiversity of edaphic mesofauna depends on the specific
functional traits of organisms and their preferences for habitat
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Arithmetic means and standard errors of total abundance (A) and taxa richness (B) Shannon diversity (C) and Pielou equability index (D) of edaphic

mesofauna as a function of land use in Sandy soil (n = 4)

needs and food sources. Therefore, to make sugarcane cultivation
favorable for maintaining mesofauna biodiversity, local conditions
such as soil texture should be considered, where clayey soil could
provide better conditions for mesofauna in long-term
sugarcane cultivation.

4.2 Implications of land use change on the
community of edaphic mesofauna

Mesofauna community was only affected by the land use in the
clayey soil, where the NV was different from the others
(Supplementary Table S2, Figure 8). Twenty-two taxonomic
categories were identified, with over 70% found in both soil
classes, indicating a wide distribution of several organisms.
However, five groups were exclusively found in clayey soil, while
one group was only found in sandy soil, suggesting a possible
preference for specific soil textures. The total abundance of
organisms was higher in sandy soil, with mites and Collembola
being the most prominent groups. These findings highlight the
ecological importance, adaptability, colonization capacity, and
efficient reproduction of these organisms (Sanjuan et al., 2022). A
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plausible hypothesis to be considered is that the method of
extracting mesofauna using the Berlese funnel may be less
effective in clay soils, favoring the extraction of mesofauna in
coarser-textured soils.

Symphyla and Pauropoda predominantly inhabit undisturbed
soils characterized by high organic matter content and porosity
(Bachelier, 1963; Dominguez Rodriguez, 1992). These organisms
exhibit superior adaptation to humid environments, often being
found in leaf litter and beneath tree bark. Consequently, the
heightened prevalence of Pauropoda in native forests suggests
that these ecosystems experience less soil compaction and
degradation compared to managed or disturbed areas (Blasi et al.,
2013). The predominance of the Symphyla group in a native forest
area with clayey soil can be attributed to their preference for such
environments, as clayey soils retain greater moisture and organic
matter compared to sandy soils (Amooh and Bonsu, 2015)
Although the nematodes are collected by our sampling method, it
does not give the best representativeness of this specific group, so
other methods such as 18S sequencing should be used to investigate
in depth this group.

The Psocodea group of mesofauna was found exclusively in NV
and only in sandy soil. These insects are specialized in parasitizing
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birds and are found mainly in the feathers and plumage of these
animals (Brewer and Sweet, 2023). NV offers a more favorable
environment for the presence of birds, with a greater diversity of
species and availability of food resources and shelter (Maitima et al.,
2009). However, these are only assumptions based on observations
and studies of the ecology of these insects. To better understand
why the Psocodea group is only found in native forest areas, more
specific research is needed to investigate in detail the relationship
between these insects, their host birds, and their environment.
The increased relative abundance led to a higher proportion of
mites (non-oribatid) compared to other taxonomic groups,
irrespective of land use. The prevalence of mites across various
land uses (Menezes-Oliveira et al, 2021) and soil management
practices (Menta et al., 2020), suggests their strong adaptability to
diverse environmental conditions, underscoring their significant role
in regulating soil biological processes. However, higher taxonomic
resolution is essential to investigate the feeding habits and specific
functions of these soil mites. A decrease in the abundance of mites
(non-oribatid) was observed in NV compared to other land uses. The
lack of soil disturbance in NV might have contributed to the higher
abundance of mites, mainly due to the preserved physical structure
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and protection of these microarthropods (George et al., 2017),
regardless of the soil texture. Oribatids exhibited a lower
abundance compared to non-oribatids, aligning with recent
research that demonstrated a reduction of oribatid mites to
intensified land use (Wehner et al,, 2021). This reduced abundance
implies the responsiveness of oribatids to changes in land
management, underscoring their sensitivity to environmental
alterations associated with intensified land use. However, due to
their slow development and low metabolic rates, they do not decrease
in abundance immediately after disturbance (Behan-Pelletier, 1999),
suggesting that the sampling time since the land use conversion in
this study was sufficient to observe changes correlated with
oribatid abundance.

Similarly, Collembola was more abundant in NV without
differing from SC in the two soil textures but with lower relative
abundance in the clayey texture. The lower density of Collembola in
SCr and PA may decrease the ecosystem services provided by this
key functional group (Yin et al., 2020). observed that the functional
diversity of Collembola is highly vulnerable to land use
management. The authors found that favoring the predominance
of species with parthenogenetic reproduction and slow dispersal
may justify the results found in intensive land uses (Yin et al., 2020).
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In addition, the lower abundance of Collembola in clayey soil can be
explained by the difficulty these organisms have in digging up the
soil due to their small size and the absence of specialized
appendages for this function (Kanal, 2004). However, these
associations can vary depending on other factors, such as the
availability of food resources and the presence of predators.

Thus, conservation practices and proper management are
essential to mitigate the negative effects of land use change on
mesofauna and, by extension, the ecosystem functioning.
Understanding the biodiversity of mesofauna is crucial to
understanding and conserving terrestrial ecosystems, and further
studies are needed to explore the complex ecological interactions
between the different mesofauna groups.

4.3 Relationship between mesofauna
groups and soil chemical, physical, and
biological attributes across land use

Soil structure and fertility, as well as organic matter, were
essential factors in determining the community and distribution
of mesofauna (Chamorro-Martinez et al., 2022). The
decomposition of litter and the stabilization of organic matter can
be influenced by the soil organisms responsible for decomposition
(Anderson and Ingram, 1989; Lavelle, 1997). Although soil
microorganisms are responsible for most of the decomposition of
organic matter, several studies have highlighted the influence of soil
mesofauna on decomposition rates, mainly by affecting microbial
activity (Cortet et al., 2003; Dervash et al., 2018; Frouz, 2018).

The Diplopoda (millipedes) and Oligochaeta (earthworms) had
a direct relationship with soil porosity. Many studies have reported
the generally favorable relationship of earthworms on soil porosity
(Hallaire et al., 2000). These organisms actively construct tunnels
and galleries within the soil, a process that significantly enhances its
porosity. As a result, these channels facilitate the ingress of both air
and water into the soil, contributing to improved soil aeration and
moisture infiltration. On the other hand, Acari, Collembola,
Symphyla, and Diplura are associated with potassium and organic
matter in the soil. These organisms play an important role in
decomposing organic matter and nutrient cycling. They consume
decomposing organic matter and transform it into readily available
plant nutrients, including potassium (Gunn and Cherrett, 1993;
Fujii et al,, 2014; Potapov et al., 2017). Kouakou et al. (2022),
demonstrated that the total abundance of collembola is intrinsically
linked to a substantial increase in organic matter in the soil. A large
amount of organic matter creates a favorable microclimate for
developing these small arthropods (Chauvat et al., 2007).
Symphyla and Diplura remain relatively mysterious in the
scientific literature on soil ecology, with little information
available (Suarez et al., 2018). studied different land uses in the
Colombian Amazon, identifying that the Diplura group shows a
strong affinity with native forest areas, underlining their
dependence on environments with reduced levels of disturbance.
Furthermore, the ideal conditions for these organisms include
deeper soil layers, characterized by stable water availability
and temperature.
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The grouping of SC with SCr and the distancing of PA in the
analysis indicates that the pasture has distinct characteristics due to
the management practices adopted in this area. At the same time,
the sugarcane soils are more similar to each other, especially
regarding fertilization and liming. The liming of the sugarcane
soil has significantly impacted the mesofauna’s community in these
land uses due to its impact on soil pH and nutrient availability (Nisa
et al., 2021). Pasture areas have limited food resources and shelter,
which favors specific mesofauna groups such as Formicidae and
Heteropteran (Vanolli et al., 2021; Vanolli et al., 2023). In addition,
some physical attributes, such as soil porosity and biological
attributes, such as MBC, were correlated with specific mesofauna
groups, including Diplopoda, Oligochaeta, Chilopoda, and Protura.
This shows that these groups of organisms are influenced by the
structure and fertility of the soil, as well as the presence of
organic matter.

5 Conclusion

Different groups of organisms prefer different habitats of soil
type, showing how soil influences community. The most abundant
groups studied were non-oribatid Acari, oribatid Acari, and
Collembola. Land use change causes a loss of richness and
abundance of soil mesofauna. However, soil texture is a crucial
factor in the restructuring of this soil community since, in clayey
soils, the cultivation of sugarcane over the years can recover the
diversity of mesofauna in the soil. Managing agroecosystems for
enhanced soil biodiversity, such as not burning (green harvesting
systems), not removing post-harvest straw, and diversifying crops
in the reform, are necessary if sugarcane cultivation is to be
beneficial to the soil ecosystem. These results provided a strong
understanding of the LUC effects on soil health, supporting the
decisions for management practices that promote soil health,
biodiversity, and related ecosystem services in different soil
textures. We highlight the need for tailored land management
considering soil texture and biodiversity for improved
ecosystem services.
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