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Abstract: The soil mesofauna plays a role in organic matter comminution and decomposition, and can be used as bioindicators, since
they are sensitive to soil management, vegetation and climate changes. Hence, this study aimed to evaluate mesofauna density and
diversity in different land use systems to identify faunal relationships with soil properties, management and seasonality. The study
area included five land use systems in Ponta Grossa municipality, Parand State: integrated crop-livestock (ICL), integrated
crop-livestock-forestry (ICLF), grazed native pasture (NP), Eucalyptus dunnii plantation (EU) and no-tillage (NT) cropping systems.
In each system, eight soil samples for mesofauna were collected with Berlese funnels of 8 cm diameter along a transect in three
replicate plots of 50 m x 100 m. For physical and chemical analysis, soil was sampled at five points per plot in two seasons: winter
2012 and autumn 2013. Data were statistically analyzed using ANOVA and Duncan’s test (P < 0.05), nonparametric statistics (when
necessary) and redundancy analysis (RDA). Diversity was calculated based on the group richness and Simpson index. The main
mesofauna groups found were: Acarina, Collembola and Hymenoptera. Diplopoda, Enchytraeidae, Isopoda, Collembola, Hemiptera,
Hymenoptera and Coleoptera larvae were more abundant in autumn than winter. Soil moisture was the main factor responsible for
higher mesofauna abundance in autumn. Integrated production systems, especially ICLF had similar invertebrate community
abundance and composition with EU, while NT favored Oribatid mites, although the use of insecticides, herbicides and fungicides
reduced total mesofauna density. Most correlations between mesofauna and physical-chemical attributes in the winter were not
observed in the autumn and vice versa, revealing that there are more factors involved in regulating soil mesofauna distribution.
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1. Introduction Various soil components or processes that reflect

. ) ) ) . soil function can be used as an indicator of soil quality
Soil quality reflects the soil’s capacity to sustain . . .
) o o [3, 4]. The abundance and diversity of soil fauna are
plant and animal productivity, and maintain or ; ) ) L .
) ] ] ] considered as soil quality bioindicators, since they are
improve quality of water and air which benefit human . .
) o ] o ] very sensitive to soil management and seasonal
health [1]. Soil degradation in locations with intensive T o
] ) ) ) variations. Furthermore, soil invertebrates can also
agriculture decreases soil quality, particularly when . ) ] . )
o ] ] ) contribute to soil porosity, interact with other
the soil is submitted to excessive disturbance, use of . o .
L . organisms (e.g., symbiosis, predation) and play an
external chemical inputs, monocultures and little use . . . .
o important role in the decomposition of organic matter
of organic inputs [2]. . o .
and nutrient cycling in soils [5-7].
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such as, mites, springtails, millipedes, spiders,

pseudoscorpions and several orders of insects,
oligochaetes and crustaceans that have body diameter
between 0.2 mm and 2 mm [7]. In most soils,
springtails and oribatid mites are the main mesofauna
groups, and often these groups are the most dominant
and diverse in the environment [8]. However, in
agricultural systems, mesofauna abundance and
richness are often smaller than that in natural systems
[5, 9] due to soil disturbance, lower levels of organic
matter and reduction of available niches [10].
Integrated production systems, such as integrated
(ICL) and
(ICLF) are

alternatives to maintain and even increase productivity

crop-livestock integrated

crop-livestock-forestry management
with greater rationality [11]. Crop rotation and straw
accumulation on the soil surface provided by cover
crops or pasture in no-tillage (NT) systems provide an
environment for recovery or maintenance of soil
physical, chemical and biological quality [12].

Studies involving soil mesofauna populations in
Brazilian agroecosystems are still scarce, although
higher abundance and diversity of soil invertebrates
have been reported in ICL and NT systems compared
with
conservationist systems promote higher soil fertility

conventional  tillage  systems, since
and aggregate stability than conventional systems
where the soil is frequently plowed [13].

Therefore, the present study aimed to evaluate the
use of soil mesofauna as soil quality indicators, by
comparing the density and diversity of soil mesofauna
and their relation with seasonality, soil management
and soil properties in agricultural systems with and

without trees in the Brazilian sub-tropics.
2. Materials and Methods
2.1 Study Site

The study site is located in Ponta Grossa county,
Parana State, Brazil (ICL and ICLF were in
25°05'11" S and 50°04" W, while native pasture (NP)
and E. dunnii plantation (EU) were in 25°08' S and

50°9'38" W), at approximately 875 m elevation. The
climate is Cfb
classification, with average annual temperature
below 21 °C (frequently between 9 °C and 23 °C),

with no distinct dry season and with mean annual

according to the Koeppen

rainfall from 1,300 mm to 1,800 mm [14], however
the rainy season in the sampling period occurred
during the autumn.

Five land use systems were evaluated in this study:
(1) a 7-year old ICLF system with rows of Eucalyptus
dunnii; (2) a 7-year old ICL system; (3) a > 30 years
old NP system; (4) a 30-yeat old NT agriculture
system; (5) a 20-year old EU system (Table 1). In
each system, three 100 m x 100 m plots were selected
and samples were taken.

In the autumn, integrated systems were cultivated
with soybeans (Glycine max (L.) Merr.) and no-tillage
with common beans (Phaseolus vulgaris), while in
winter these systems were cultivated with oats (Avena
strigosa) (Table 1).

The NT field received 205 kg/ha mono-ammonium
phosphate, 185 kg/ha urea, 150 kg/ha KCI and 1.61
L/ha foliar manganese, while ICL and ICLF received
220 kg/ha NPK (4:30:10) and 200 kg/ha of N as urea
when cultivated with oats, rye grass and maize. When
these systems were cultivated with soybeans, 72 kg/ha
P,0s and 240 kg/ha of K,O were applied at sowing
and 42 kg/ha K,O in the form of potassium chloride at
23 d after planting.

2.2 Soil Analysis

Soil samples were taken in parallel to mesofauna
samples for moisture measurement by gravimetric
methods in autumn and winter. Five soil samples were
taken at depths 0-10 cm in October 2012 in each plot
for chemical and particle size analysis according to
EMBRAPA [15]. These samples were sieved (2 mm
mesh) and homogenized for subsequent determination
of the following chemical attributes: pH in CaCl,, P
(extraction with Mehlich-1), K and Na (extraction
with dilute HCI), Ca, Mg and Al (extraction with 1 N
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Table1 Characteristics of five land use systems in the studied sites.

Land use systems Age (years) Cultivated crops Soil

Winter: Avena strigosa and Lolium multiflorum grazed by Puruna cattle; Rhodic ferralsol + haplic
ICL and ICLF 7 C .. . .

Summer: corn or soybeans in biennial rotation systems. cambisol

. . i + i
NP >30 Native vegetations. RhOdF ferralsol + haplic
cambisol

EU 20 E. dunnii plantation since 1983. Rhodic ferralsol

Wheat-soy/oats-corn/oats-beans;
NT 30 When cultivated with beans, insecticides (Azadirachtin-A), fungicides Rhodic ferralsol

(Azoxystrobin, Difenoconazole and Carbendazim) and herbicides
(2,4-D, Fomesafen, Bentazona and Cletodim) applied.

KCl) and potential acidity H + Al (extraction with
calcium acetate). The sand, silt and clay were
separated by the total dispersion method. In this
method, a chemical dispersant and water are added to
the soil for subsequent obtaining of coarse fractions
by sieving, while the clay is obtained by pipetting and
the silt is obtained by difference of the other fractions
in relation to the original sample.

The total organic carbon and nitrogen were
determined by wet oxidation of the organic matter
[16].

2.3 Soil Mesofauna Analysis

In each plot, eight soil samples were taken with
Berlese funnels (8 cm diameter x 5 cm depth)
distanced at least 15 m apart, arranged in two
parallel transects with 80 m, distant 30 m apart. In
total, 120 samples were taken in winter (08/2012)
and 120
(04/2013).

The invertebrates were separated and identified at

samples were taken in the autumn

the order level under a stereoscopic microscope. All
mesofauna abundance data were extrapolated to the
number of individuals/ m? based on the funnel area.

Diversity was calculated using richness (total and
mean number of groups per system and the mean
number of groups per sample), and Simpson index (SI)
was calculated by Eq. (1):

SI=1-D=1-23pi’ (1)

where, D represents the dominance expressed by Zpi’,
and pi is the relative abundance of each taxonomic

group sampled [17].

2.4 Statistical Analysis

The collected data were analyzed by using analysis
of variance to compare the effects of different land use
systems on the soil chemical, physical and biological
attributes (mesofauna groups). The Duncan’s test at 5%
of significance was used to separate the parameters
between the different land use systems and sampling
date (winter vs. autumn). When data could not be
normalized and/or variances were not homogeneous,
the nonparametric Kruskal-Wallis test were performed.
Regression analyses were performed between soil
moisture and groups of soil mesofauna to verify the
influence of seasonality on soil invertebrates. Person’s
correlation and regression analyses were performed to
verify significant correlations between soil mesofauna
and soil attributes. All tests were conducted using the
software Statistica version 7.

Average mesofauna abundance sampled in winter
and in autumn separately from the three plots and soil
analysis results were used in a redundancy analysis
(RDA) to establish relationships between mesofauna,
soil physical and chemical attributes and management.
Orders that accounted for less than 5% of the total
abundance in one of the studied seasons were combined
in a category named “others”. To test the significance
of the RDA, the Monte Carlo test was performed.
These analysis were made using the software Canoco
for Windows version 4.5 [18].

3. Results and Discussion
3.1 Soil Analysis

The soils in the study areas are acid and present low
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natural fertility and low organic matter content, due to
relatively high sand and low clay contents (Table 2).
The parent material in the region is sedimentary rocks;
in a remote past, the region was a sea bottom [19].

NP and EU systems had lower exchangeable
cations and high potential acidity, while ICLF and NT
systems had lower C/N ratio. Statistically significant
differences were observed in relation to the carbon
content in these land uses, and ICLF had lower soil C
compared to NP and EU systems. ICL, ICLF and NT
systems had higher pH, base saturation and P contents
(Table 2), because these systems are often fertilized.

Soil moisture contents did not differ between the
land use systems, although it was generally higher in
autumn than that in winter (Fig. 1), due to higher

autumn rainfall.
3.2 Effect of Seasonality on Soil Mesofauna

Some mesofauna groups were strongly influenced

by seasonality. Those mesofauna groups with higher
population densities in autumn than that in winter
were: Collembola in NP, EU and NT, Coleoptera
larve in ICL and ICLF, Hymenoptera and Hemiptera
in NP. Total mesofauna density was higher in ICL and
NT in autumn in comparison with winter, as was
ICL. like
Enchytracidade and Isopoda, were found only in

richness in Groups, Dipolopoda,
autumn samples (Table 3).

On one hand, a positive correlation was observed
between total mesofauna abundance and Coleoptera
larvae with soil moisture content (Fig. 2). Water
content in soil is an important regulator of soil life,
since most biochemical processes, such as enzymatic
activity and reproduction, are very dependent on water
[20]. And water promotes higher availability of
chemical nutrients in soil solution which favors plant
growth, and organic matter inputs to soil which favors
detritivorous soil mesofauna [21]. The results in this

Table 2 Chemical and physical attributes of soil in ICL, ICLF, NP, EU and NT systems in 0-10 cm layer in Ponta Grossa,

Paran4, Brazil.

Unit Attributes ICL ICLF NP EU NT
pH (CaCl,) 5.00° 517 3.81° 3.71° 4.48°
Al 0.07° 0.007° 1.03° 1.95° 0.19°
H+ Al 3.12° 2.93¢ 7.10° 8.04° 5.05°
Ca 3.50° 3.03° 0.80° 0.10° 3.14*
cmoldnt Mg 1.47* 1.10° 0.53° 0.14° 1.12°
K 0.24° 0.20° 0.13¢ 0.06¢ 0.40°
Na 0.01° 0.01° 0.01° 0.02° 0.01°
SB 5.21° 435" 1.46° 0.32° 4.67°
CEC 8.33% 7.28° 8.57% 8.36% 9.71°
0 \% 62.20° 59.32° 15.88° 4.11¢ 47.92°
m 0.82% 0.09° 12.64° 25.94° 2.15°
C 12.41% 10.37° 15.03* 16.60° 14.47%®
g/dm’ N 0.61° 0.59° 0.80% 0.75% 1.03°
C/N 22.06° 17.84° 18.98% 22.10° 14.14°
ppm p 25.51° 35.57% 3.73° 227° 45.99°
Sand 715.80% 740.47° 720.80° 676.90 646.33°
g/kg Silt 210.67° 200.00° 202.67° 236.00° 281.33°
Clay 73.53% 59.53° 76.53% 87.10° 72.33%

CEC: cation exchange capacity; SB: sum of bases; V%: saturation of the CEC by basic cations; m%:

aluminum.

Means followed by the same letter on the line do not differ statistically by Duncan’s test (P < 0.05).

saturation of CEC by
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Fig. 1 Soil moisture in winter and autumn in ICL, ICLF, NP, EU and NT systems.
Different capital letters indicate differences between seasons, while different lower case letters indicate differences between land use
systems by the Duncan’s test (P < 0.05).

Table 3 Density (individuals/m?) and diversity of soil mesofauna in different land use systems in Ponta Grossa, PR.

Groups Winter Autumn

ICL ICLF NP EU NT ICL ICLF NP EU NT
Oribatei mites 2,014  2,104° 980° 1,530 10,755  7,996° 1,988  874° 3,770 1,529°
Predators mites 795®  558° 114¢ 1,422 781%" 2,407° 641° 461° 908%® 113°
Total mites 2,809°  2,662° 1,094 2952° 11,536 10,043°  2,629®  1,335° 4,678  1,642°
Collembola 795%® 2,546 191 520" 166 1,211° 365° 1,261° 12100 423°
Araneae 43 8? 17* 55¢ 8* 41* 8* 16* 41 8*
Coleoptera adult 99° 91° 66° 97* 91° 149° 83% 0° 149* 25
Coleoptera larve 53¢ 41* 25° 8 41° 241° 107 25° 241° 41°
Total Coleoptera 152° 1322 91° 105° 132° 390? 190° 25¢ 350° 66°
Hymenoptera 91° 200 423* 224 83%" 547% 357° 9,728%  547% 440%
Diplura 12 g g 3 0 0? 0* 8 0 0
Protura 0° 17° 0° 0° 0° 0 0° 2,803*  0° 75°
Thysanoptera 35% 75° 41* 55° 75% 8? 8? 133* 8? 58?
Hemiptera 17 0° 149*  50° 0 25° 16° 108* 25 83%
Diptera larve 11* 8 0? 8 33? 8 33? 0* 8 8
Chilopoda 8 0? 0° 250 0 8 0° 0? 8 0
Diplopoda - - - - - 8? 0? 0* 8 0?
Isopoda - - - - - 0* 17* 0* 0 0
Enchytraeidae - - - - - 8 0 0* 8" 17*
Blattodea 2° 0 17 6" 0° 8 8 0 0° 0°
Total density 4,010° 5830° 2,057° 4,020° 12,050 12,308  3,649° 15,509 12,308°  2,861%
Total richness 7 9 9 8 7 11 10 9 13 10
Mean richness (system) 5.67% 6.33% 6.33% 6.00" 5.33% 10.00? 9.00* 6.33% 9.00% 7.33%
Richness in per sample 2.58% 2.96*  2.50% 3.04*  2.25% 3.17% 2.88* 321 3.83% 2.83%
Dominance (system) 0.55* 048 038  0.64> 091" 0.56" 0.43" 0.50°  0.41° 0.38"
Simpson index (system) 045 052°  0.62° 036"  0.09% 0.44" 0.57" 0.50°  0.59° 0.62"

** Different letters in each line indicate statistical difference by Duncan’s test (P < 0.05) between treatments for a given season of the
year; * indicate statistical differences by Duncan’s test (P < 0.05) due to the sampling season for the same treatment.
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Fig. 2 Effect of soil moisture on abundance of coleoptera larvae (a) and total mesofauna abundance (b).

study agree with Manhdes et al. [22] who found
variations due to the seasonality in the population of
microbial grazers, micropredators and herbivores in
the dry season. Marchdo et al. [23] reported that the
soil fauna in ICL areas in the Brazilian Cerrado had
high abundance of Coleoptera, Oligochaeta and
Diplopoda in NT fields with large amounts of litter.

On the other hand, in NT, Acarina density was
higher in winter (11,536 individuals/mz) than that in
autumn (1,642 individuals/mz). This also led to higher
total soil mesofauna density in winter in this land use
system, as well as higher dominance value and lower
Simpson’s diversity index, not only comparing
sampling dates in NT (winter vs. autumn), but also
comparing NT with the other land use systems in the
winter (Table 3). Whereas the higher Simpson’s
diversity and mean richness were observed in EU and
ICL, respectively, in autumn than that in winter (Table
3), possibly due the higher litter accumulation over the
period from one sampling season (winter) to the other
(autumn), which promotes the development of
complex invertebrate communities [24].

The lower total mesofauna populations in NT in
autumn, even with higher soil moisture than that in
winter, may be due to the use of insecticides
(Azadirachtin-A),
Difenoconazole and Carbendazim) and herbicides

fungicides (Azoxystrobin,
(2,4-D, Fomesafen, Bentazona and Cletodim) when P.
vulgaris beans were cultivated. Fungicide and

herbicide application can have direct and/or indirect

1 y=3295x-8.1321

140 4 R2=0.1355 ¢
p=0.045
120
g *
5 100
=
E x0 .
=] *
E 60
=
40
20 4 * *
* o hA Ye o
0 T v v v .
0 5 10 15 20 25

Moisture

(b)

impacts on soil fauna, fungicides eliminate fungi that
serve as food for many orders of soil fauna and result
in the death of many individuals [25]. Herbicides kill
weeds, decreasing plant material supply and even the
soil rhizosphere, reducing the amount of available
niches and food for wildlife, thus resulting in the
decrease of many microarthropod populations [26, 27].
Insecticides directly affect arthropods that live in the
soil [28] and negative effects can be detected both in
the field and in laboratory tests [29].

3.2.1 Soil Mesofauna in Winter

There were 12 mesofauna orders identified in
winter. Richness in the different systems ranged in 7-9
orders. Average richness did not differ statistically
between the systems, but the Simpson index was
higher in NP and lower in NT (Table 3). In
comparison, Mogo et al. [30] found a total of six taxa
and 566 individuals/m in pastures, and 8-10 taxa and
496  individuals/m’ in  Eucalyptus (Corymbia
citriodora), respectively, with a predominance of
Hymenoptera in both systems which occurred only in
NP in this study. Besides, the abundance of Collembola
they found (23 and 15 individuals/m® in grassland and
Eucalyptus, respectively) was lower than that in the
present study. Therefore, this study presented higher
diversity and abundance than that in similar studies on
soil mesofauna. Diversified ecosystems tend to be more
resilient, since a great variety of organisms can perform
the same role in the ecosystem, and even if some

organisms disappear due an extinction event, the
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ecosystem function is not lost [31].

RDA explained 79.4% of the data variation in
winter, with 46.2% of the data variation explained by
the first two axes. Among these, 89.3% were
explained by the relationship between the mesofauna
groups and the physical and chemical soil atributes
(Fig. 3a). The
significant (P < 0.05) for the first two axes and for all
axes of RDA.

Three represented groups of land use systems could

Monte Carlo permutation was

be observed: (1) NP, positively correlated with
Simpson diversity, “other” invertebrates (represented
by the sum of Protura, Dipera larvae, Heteroptera,
Chilopoda, Blattodea and Diplura), Hymenoptera and
Aluminum; (2) NT correlated positively with Oribatei
mites, CEC, silt, P and V%, (3) ICL, ICLF and EU
correlated positively with richness of sampled groups,
Collembola, Coleoptera, predatory mites, Aranae,
Thysanoptera, C/N ratio and pH (Fig. 3a). NT formed
a cluster mainly due to the great abundance of
Oribatei mites (Fig. 1 and Table 1), as these plots have
been in this system for 30 years, which may favor the
existence of more complex organisms, due to the
maintenance of straw residues, crop rotation and lack
of soil tillage. On the other hand, the cluster formed
by NP is related to lower soil fertility (high Al
contents), and abundance of Hymenoptera and other
organisms (Fig. 1). Poorer soils found in degraded
pastures often favor the abundance of some
invertebrates groups, which in these conditions may
even become pests [32, 33].

Axis 1 separated sites on the basis of mesofauna
dominance and abundance, while axis 2 separated
sites with or without Eucalyptus trees, and was highly
correlated with mesofauna richness, collembolan
abundance, CEC and C/N ratios. This agrees partially
with Rosa et al. [34] who also found higher soil fauna
richness in Eucalyptus reforestation than that in ICL
and NT areas located in the Santa Catarina plateau.
The fine roots of Eucalyptus and the large amount of

litter deposited on the surface may favor soil

mesofauna richness in EU and integrated systems,
since litter represents a direct food source for soil
mesofauna [35]. The roots continuously secrete
carbon compounds with low molecular weight that
serve as food for microorganisms [36], and these
could be actively predated by soil mesofauna.
Moreover, the increase of organic matter contents and
the improvement of soil physical quality by the
introduction of the ICLF system with Eucalyptus trees
in agricultural areas may provide higher availability of
niches in ICLF that will favor a complex and well
structured community of soil invertebrates [12, 37].

Few significant correlations were observed between
soil mesofauna groups and physical-chemical soil
attributes in the winter. However, most of the sampled
groups were correlated negatively with C/N ratios and
positively with soil N contents (Table 4), indicating
preference of mesofauna for previously decomposed
food resources [7]. In addition, the lower soil moisture
was observed in winter than that in the autumn
(Fig. 1), and under these conditions, there was not any
relationship found between soil moisture and
mesofauna groups (Table 4).

3.2.2 Soil Mesofauna in Autumn

In autumn, total mesofauna density did not differ
between the land use systems due to very high data
variability. ICL had higher mite density than NP and
NT, while EU had higher Collembola density than
ICL, ICLF and NT (Table 3). Cattle dung combined
with straw increase N mineralization in soil [38],
which can positively affect Acarina and mesofauna
density in grazed systems, such as observed in ICL
and ICLF.

It was identified in only two samples of NP that 336
individuals belong to Class Protura and 1,043
individuals belong to the order Hymenoptera,
respectively. This high abundance in only two
samples in autumn is due to the highly uneven or
aggregate distribution of many soil animals,
particularly termites and ants that create nests [33, 39].

Protura is a class of edaphic invertebrates associated
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with decomposing organic matter and high moisture,
and can be found in mosses and lichens on the soil
surface [40]. Moreover, their occurrence may also
depend on mycorrhizal fungi [41].

RDA explained 71.4% of the data variation in
autumn, with 56.5% of data variation explained by the
first two axes. Among these, 93.1% were explained by
the relationship between the mesofauna groups and
the physical and chemical soil atributes. Axis 1
separated sites with high abundance of soil mesofauna
(especially EU and ICL), particularly Acari and
Collembola from sites with fewer individuals. Axis 2
separated agricultural sites with higher pH and P
contents from EU and NP, with higher C and Al
contents (Fig. 3b). The Monte Carlo permutation was
significant (P < 0.05) for the first two axes and for all
axes of RDA.

Four clusters were observed: (1) NT associated with

positively with the abundance of “other” invertebrates

(sum of Protura, Dipera larvae, Heteroptera,
Chilopoda, Blattodea and Diplura), Thysanoptera and
Al; (3) EU correlated with C content, Collembola and
total abundance and richness; (4) overlapping ICL and
ICLF plots, associated with Aranae, mites, dominance,
Coleoptera and soil moisture (Fig. 3b).

Therefore, some of the clusters found in winter
were confirmed, although in the present case EU
formed an isolated cluster. ICL and ICLF formed a
single cluster, proving that integrated production
systems under no-tillage can affect soil mesofauna
abundance and diversity, favoring some groups, such
as mites (predators and Oribatei) and spiders.

Positive relationships between abundance of mites
and magnesium and soil moisture were observed,
while total mesofauna abundance and richness were

positively correlated with total soil carbon content

low total fauna abundance; (2) NP correlated (Table 5). It is possible that in autumn, when rainfall
S o
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Fig. 3 Redundancy analysis of soil mesofauna abundance (blue arrows) and physical-chemistry soil properties (red arrows)
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Means of three plots sampled in winter (a) and autumn (b).



166

Soil Invertebrates in Different Land Use Systems: How Integrated Production

Systems and Seasonality Affect Soil Mesofauna Communities

is higher than winter, the soil remains more humid
favoring mite reproduction and development, since
they were more abundant in the first 10 cm of the soil
[21]. On the other hand, higher amounts of mineral
nutrients and carbon favor soil fauna abundance and
richness, since organic carbon is the main energy

source for soil organism development [42].
3.3 General Considerations

Overall, 15 mesofauna orders were identified, but
richness in the different land use systems varied in
9-13 orders. Mean richness did not differ significantly
between land use systems, but the Simpson index was
higher in NP and lower in NT. Total richness was
higher in autumn than that in winter in all the land
uses (except NP, where nine groups were found), and
followed the descending order EU > ICL > NT =
ICLF > NP.

All the evaluated land use systems had higher
Oribatei density than of predatory mites, especially in
NT in the winter (Table 3). Oribatei mites indicate
more stable conditions, since they colonize systems
when equilibrium is obtained. These invertebrates
have long life spans, low dispersion ability, high
survival rates, high investment in defense and other
competition mechanisms and constant density from
generation to generation. On the other hand, predatory
mites prepare the ecosystem for the establishment of
more complex organisms. Frequently, predatory mites

indicate disturbed and regenerating environments
because of their high dispersion power, high mortality,
high fertility and variable density [43, 44].

Most of the significant correlations observed in
winter were not confirmed in the autumn and vice
versa (Tables 4 and 5). These indicate that there were
other factors, besides physical and chemical soil
properties, influencing soil mesofauna abundance and
diversity. For instance, it is known that soil microbial
abundance and diversity, many times driven by plants,
can determine soil invertebrate = community
composition, since many microbes actively mineralize
nutrients to the soil solution that can be readily
available to plants and soil mesofauna [36].

This study clearly showed how different soil
properties and sampling season can influence soil
mesofauna abundance and richness in management
systems in the region of native grasslands of the
uplands of Parana state. The results also showed how
management can influence these attributes. Studies
evaluating interactions between soil fauna and soil
attributes in Brazilian soils are scarce. And these
organisms can be used to indicate soil quality and can
be more responsive to changes than chemical and
physical soil attributes [45], so more effort is needed
in order to understand how soil attributes influence
soil fauna populations in Brazilian ecosystems,
particularly considering the diversity and potential

richness of these ecosystems in the country.

Table 4 Significant Pearson correlation coefficients (P < 0.05) between physical-chemical soil attributes and the abundance

of soil mesofauna groups in the winter sampling.

Groups pH H+ Al Ca Mg K Na SB V% P C C/N N Sand Silt
Oribatei mites - - - - 080 - - - 0.60 - -0.63 0.61 -0.63  0.65
Predator mites - - - - - 0.63 - - - - - - - -
Total mites - - - - 074 - - - 056 - -0.57 0.59 -0.66  0.67
Collembola 059 -0.52 - - - - - - - -0.55 - - 0.56 -
Aranae - - - - - - - - - - 0.54 - - -
Coleoptera larve 0.53 - 0.63 0.78 - - 0.67 057 - - - - - -
Protura - - - - - - - - - 052 - - - -
Diptera larve - - - - 0.69 - - - - - -0.55 0.63 -0.57  0.68
Chilopoda - 0.54 - - - 0.73 - - - - - - - -
Total abundance - - - - 0.74 - - - 0.65 - -0.60 - -0.52 0.58

-: no significant correlations.
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Table 5 Significant Pearson correlation coefficients (P < 0.05) between physical-chemical soil attributes and the abundance

of soil mesofauna groups in the autumn sampling.

Groups pH Al H+ Al Ca Mg K Na SB V% m% P C C/N Clay Moisture
Oribatei mites - - - - 0.58 - - - - - - - - - 0.56
Predator mites - - - - 0.55 - - - - - - - - - 0.54
Total mites - - - - 0.58 - - - - - - - - - 0.56
Collembola -0.59 085 0.67 -0.65 - -0.61 0.81 -0.62 -0.69 0.83 -0.77 0.70 - - -
Coleoptera adult - - - - - - 0.60 - - - - - - - -
Coleoptera larve 0.72 -0.53 -0.69 0.65 0.75 - - 0.67 0.69 - - - - - -
Total Coleoptera 0.53 - - - - - - - - - - - - - -
Thysanoptera ~ -0.60 - - - - - - - - - - - - - -
Chilopoda - 072 - -0.63 -0.65 -0.58 0.67 -0.64 -0.61 085 - - 054 059 -
Total abundance - - - - - - - - - - -0.53 052 - - -
Richness - - - - - - 0.60 - - - -0.56 055 - - -
Simpson index - - - - -0.53 - - - - - - - - - -

-: no significant correlations.

The present study also showed how mesofauna
density can be highly wvariable within the same
ecosystem and among ecosystems. This common
variability in soil fauna data may be due not only to
several intrinsic soil factors (physical, chemical or
biological), but also to management and abiotic
characteristics, such as climate and collection site [46].
To minimize these factors, it is recommended that
sampling of the animals should be in sufficient number
of replicate samples (preferably > 10 per ecosystem)
and all on the same date evaluated in different
ecosystems (to avoid effects of abiotic extremes, such
as large rainfalls, flood or frost). Furthermore, soil and
mesofauna samples should be taken from the same
collection point in a similar number in order to make

correlations using all independent samples.

4. Conclusions

The present paper presents the first published
results on soil mesofauna in integrated production
systems in Brazil. It was found that these systems
support a large and diverse mesofauna community that
is highly regulated by soil moisture. However, other
important factors governing the density and diversity
of soil mesofauna are the use of trees in
agroecosystems, the adoption of no-tillage practices

(reducing soil disturbance) and the intrinsic or

managed soil physical and chemical properties, such
as C/N ratio, pH, Al, P and C contents, as well the use
of insecticides, herbicides and fungicides. Few studies

in Brazil have evaluated simultaneously soil

properties and mesofauna communities, although
correlations increase the understanding of soil fauna
and their ecology in natural and managed ecosystems.
It was found in this study that many of the correlations
obtained in the winter did not remain in autumn and
vice versa, indicating that there are more factors,
beyond the physical and chemical soil attributes,
governing the mesofauna distribution in the soil. Thus,

more future studies including soil mesofauna,

physical-chemical  soil  attributes and  soil

microorganisms were recommended.
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