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Abstract

Farmers' local knowledge about soil quality and management practices should be considered
to assess the impact of agricultural technology packages on the environmental performance of
agro-ecosystems. This study aimed to evaluate the soil quality under agroecological
production in southern Brazil, which was considered of good quality by the farmers'
perception. From August to November 2017, ten farms from Liberdade settlement were
visited, and semi-structured interviews were conducted to collect information about soil and
agricultural knowledge. “What does good quality soil mean? What cares for preserve soil
quality? Does the soil location in landscape influence conservation practices?” were the
questions asked. In May 2018, soil samples were collected from each area, and chemical,
physical, and biological attributes were determined. All farmers mentioned the organic matter
indicated good soil quality; however, the study showed that most soils have low content, a
consequence of the annual tillage adopted by all farmers for the implantation of seeds crops;
Farmers indicated that a good quality soil has "life" with the presence of organisms. In our
study, a low population of mites and springtails in most areas was observed. Positive farmers’
perception about the organic matter content and soil organism’s presence in their
agroecological production areas come from the degradation history of the areas, at the same
time that they attribute improvements in soil quality due to the actions adopted over the 10
years of agroecological production.

Keywords: organic matter, mites and springtails population, bulk density, annual tillage,
Cover crops

1. Introduction

The Farmers' local knowledge about soil quality and management practices should be
considered to better assess the impact of agricultural technology packages on the
socio-economic and environmental performance of agro-ecosystems (Kuria et al. 2018;
Morshedi et al. 2017; Tesfahunegn et al. 2016; Mairura et al. 2007; Bellon & Taylor, 1993).

Farmers’ field experience is an entry point to soil quality assessment at the regional level,
especially in regions with limited resources (Prudat et al. 2018). About that, Buthelezi-Dube
et al. (2019) revealed that local qualitative soil fertility knowledge of farmers links to crop
performance and potentially supports laboratory soil analysis for smallholder agriculture in
eastern South Africa. Adeyolanu et al. (2018) showed also that farmers' perception of soil
quality and soil scientists correlate well, i.e., farmers' perception identified compaction,
erosion, low soil fertility as a result of low nutrient availability and retention, termite
infestation, poor drainage, flooding, high land-use intensity without proper management and
all these have the resultant effect of decreased crop yield or low productivity in Southwestern
Nigeria.

According to Barrera-Bassols et al. (2006) merging technical and local thinking is
indispensable to formulate sustainable land management schemes, and that ethnopedology
can help validate scientific soil knowledge to assure that it is not only scientific but also
relevant and functional for agroecosystems. Finally, Yageta et al. (2019) highlight spatial
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location is an important consideration in farmers' evaluations, reflecting awareness of local
diversity in soil and historical social or environmental factors.

In Brazil, farmers' local knowledge is more valued in research with agroecological production
units. Agroecology studies agricultural activity from an ecological perspective, adopting the
agroecosystem as a unit of analysis, aiming to provide the scientific bases to support the
transition process from the current model of conventional agriculture to more sustainable
farming (Altieri, 2002). The agroecological transition also is a social process, which searches
to change the attitudes and values of social actors concerning natural resources management
and conservation, and an economic-productive rationalization based on the biophysical
specificities of each agroecosystem (Caporal & Costabeber, 2004). In turn, farmers'
perceptions of soil quality and its indicators are fundamental elements in research with family
farmers that are in the process of transition to ecologically agriculture (Casalinho et al. 2017),
converging with the considerations of Lal (2015), who emphasizes that factors specific to the
location (biophysical, social, economic, cultural) are significant in soil quality monitoring and
management changes.

In Southern Brazil, agrarian reform settlers develop collective or individual agricultural
activities linked to BIONATUR Network, a pioneering experience in Latin America directed
to the production and commercialization of agroecological seeds, which involves around one
hundred and sixty families in the Rio Grande do Sul state (Southern Brazil). Therefore, the
study aimed to evaluate the soil quality under agroecological production in southern Brazil,
which was considered of good quality by the farmers' perception.

2. Method
2.1 Settled Farmers Selection and Study Area

The BIONATUR Network is comprised of around one hundred and sixty settled farmer’s
families in Brazil with an annual production of twenty tons of vegetable, ornamental, and
grain seeds (Silva et al. 2014). In the Rio Grande do Sul State, Southern Brazil, ten families
participate in the Association of Ecological Producers of the Conquista da Liberdade
settlement — APECOL (Latitude 31226'15" and Longitude 5396'15"), which produce creole
seeds with organic certification.

In August 2017, a meeting was held at APECOL with the participation of the associated
settlers and the technical teams that accompany the association, for the discussion and
definition of the research theme. Among the various topics listed, the participants stated that
the research should focus on the soil quality diagnosis in the areas of agroecological seed
production. Besides tiling the research theme, the study participants were also defined which
would include all of the associated farmers, a total population of ten families with land
dimensions around 20 to 25 hectares. In all ten areas, the seed agroecological production was
adopted for at least 10 years.

The soil predominantly in the ten farms was classified as Argissolo Vermelho Amarelo
according to the Brazilian Soil Classification System (Santos et al. 2013), which corresponds
to Ultisols based on Soil Survey Staff (2014). The climate is classified as Cfa, with an
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average annual air temperature between 16 and 18 <C and average annual precipitation
between 1,600 and 1,900 mm (Alvares et al. 2013).

2.2 Assessment of Settled Farmers’Knowledge

From August to November 2017, ten farms were visited, and semi-structured interviews were
conducted to collect farmer's information about soil and agricultural knowledge. Although
scheduled, two families were not available for the interview.

Interviews were held in the house, and in front of agricultural soils, providing locational
references. Therefore, history and current management practices were collected in all
agricultural areas, and the main information includes: (a) soil liming performed for at least 2
years; (b) organic fertilization with poultry litter and/or biofertilizers applied annually; (c)
cover crops in the winter season and/or the soil is not under seed production; (d) management
of spontaneous plants with a hoe and/or plow with animal traction; (e) insect and disease
management using repellents, and biofertilizers; (f) manual harvesting of seed crops; and (g)
tillage type with a harrow.

After describing the area’s history, questions about soil quality and management were asked:
(1) What does good quality soil mean? What cares for preserve soil quality? (3) Does the soil
location in landscape influence conservation practices? Results transcription and
systematization obtained from the farmer’s interviews were developed according to the
methodology of Bardin (2004). The main soil quality indicators addressed in farmer’s
perceptions were associated with soil attributes analysis measured. i.e. (1) organic matter and
"full-bodied" soil were adequate to soil organic matter and soil nutrient content; (2) impacted,
hard and loose soil was adequate to bulk density determination; (3) acid soil was adequate to
soil pH; (4) shallow or depth soil, and clay thickness was adequate to A horizon depth and
clay content; (5) soil moisture and water infiltration were adequate to soil porosity; (6) little
insects, soil life, beetles were adequate to the population of mites, and springtails
determination (Table 1).

2.3 Assessment of Soil Quality Indicators

In May 2018, soil samples from ten areas under seed agroecological production were
collected. Areas were identified as L1, L2, L3, L4, L5, L6, L7, L8, L9 e L10. The seeds
produced in the agricultural year of 2017/2018 were beans (Phaseolus vulgaris) in L1, L3, L6,
L8 areas, corn (Zea mays) in L5, L7, L9 areas, flaxseed (Linum usitatissimum) in the L2 area,
and vegetables in general (Cucurbita spp.; Coriandrum sativum; Daucus carota; Brassica
alba; Allium cepa) in L3, L4, L10 areas.

Soil samples from the native forest were also collected as a reference area. The native forest
is part of the settlement's legal reserve with the predominance of tree species such as Scutia
buxifolia, Vachellia caven, and Prosopis nigra, and is located next to all agricultural areas of
the study.
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Table 1. Choice of soil attributes for laboratory determination based on farmers' responses to
their perceptions of what good quality soil means

Settled farmers expressions Academic expressions

1. organic matter, "full-bodied" soil 1. soil organic matter/nutrient content
2. impacted soil, hard soil, loose 2. compaction/bulk density

3. acid soil 3. soil pH

4. shallow or depth soil, clay thickness 4. depth A horizon/clay content

5. soil moisture, water infiltration 5. soil porosity

6. little insects, soil life, beetles 6. mites, springtails, other organisms

In the 0.00-0.20m layer from each agricultural and reference area was collected:
(a) Depth of the soil A horizon;

(b) Three soil samples with a non-preserved structure to determine clay content, soil pH,
calcium, magnesium, potassium, phosphorus, and organic matter content, according to
Tedesco et al. (1995) methodology;

(c) Three soil samples with a preserved structure to determine soil bulk density, total porosity,
macroporosity, and microporosity by Embrapa (2011) methodology, using 0.050 m length and
0.047 m diameter stainless steel cylinders.

(d) Three soil samples with a preserved structure to determine edaphic mesofauna organisms,
using 0.08 m length and 0.085 m diameter stainless steel cylinders. The number of
individuals was calculated according to the Funnel Extractor method of Tullgren, proposed
by Bachelier (1978).

Soil quality was evaluated using the average data of chemical indicators which were
classified according to the Soil Chemistry and Fertility Commission (CQFS, 2016); and the
mean values of physical and biological indicators that were related to the critical values found
in the literature.

To group and evaluate the relationship between the indicators, as well as their relationship
with the soil quality of the ten areas under agroecological production and the native forest,
the principal component analysis (PCA) was applied. PCA is based on the correlation matrix
between the components and the variables studied.
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3. Results
3.1 Soil Quality Status From Settled Farmers’ Knowledge

The main farmers' perceptions about "good soil quality” question were: Soil with good
organic matter content and/or dark color (seven families); Uncompressed soil (five families);
Non-acidic soil (four families); Soil with good effective depth and without clay horizon
(three families); Soil with good water infiltration and moisture conservation (six families);
Soil with earthworms and other organisms present (seven families). The farmers' answers
supported the choice of soil attributes measured in the laboratory, with the appropriate
adjustments, as mentioned in Table 1.

The main answers about the care taken to preserve soil quality and if farmers consider the soil
position in the landscape for the conservation practices adoption were: Soils in hill slopes are
more susceptible to erosion, so an intense tillage control should be used (five families);
Degraded soils should intensify use cover crops and organic fertilization (five families); In
lowland areas, crops are avoided during the winter season due to soil susceptibility to
flooding (two families); In sandy soils should intensify use cover crops, and/or livestock
should be avoided (two families); In clay soils crops are less susceptible to drought for longer
periods (two families); Absence of earthworms in the soil is due to excessive pesticide use in
previous crops (two families).

3.2 Technical Soil Quality Assessment

The soil samples for chemical, physical, and biological evaluations in all agroecological
production areas covered horizon A, which ranged between 0.23 to 0.50 m depth, and clay
content was higher than 15 % and less than 35 % at 0.20 m depth (Figure 1). This means
that soils in all agroecological seed production are susceptible to drought, and have low
natural fertility if management practices that increase soil organic matter content are not
adopted.

Although farmers indicate in their interviews that a quality soil must have organic matter and
the cover crop practice must be adopted, the organic matter content was around 2.5 % in most
areas considered low for Southern Brazil soils (CQFS, 2016). In the native forest, the organic
matter content was 3.2 % (Table 2).

The most of agroecological seed production areas presented a soil pH of less than 6.0
considered inappropriate for vegetables, corn, and beans crops (CQFS, 2016). Despite low
pH values, in table 2 we observed that soils under agricultural production did not yet have
high aluminum saturation (ranged from 0 to 8.1 %). On the other hand, it was observed that
most areas presented base saturation values of above 60 %, with high calcium and
magnesium contents (CQFS, 2016), probably, effect to organic fertilization added annually.
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Figure 1. Horizon A depth and clay content at 0.20 m depth in the ten areas under
agroecological seed production, identified as L1 to L10, and reference area (native forest) at
Conquista da Liberdade Settlement, Southern Brazil

Table 2. Soil chemical attributes in the ten areas under agroecological seed production,
identified as L1 to L10, and reference area (native forest) at Conquista da Liberdade
Settlement, Southern Brazil (n = 10; %standard deviation)

Areas under agroecological seed production Reference

Native

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 Forest
Organic matter content (%)

264).1 22401 29401 3141 23402 23402 3144 264.1 2542 1.7H5 3.2

Soil pH
54400 5.140.1 49402 5140 594).1 5040.0 54401 6.0#40.1 514).1 4.94.1 5.7
Base saturation (%)

6744.6 60+2.1 62462 554#.5 72438 5146 664.0 77H.5 55438 52432 73.3
Aluminum saturation (%)

17404 4941 52#.6 3.640.3 0.6+1.0 8.140.7 1.840.7 0.0#0.0 53422 584 0.9
Calcium content (cmolc dm)

50414 4.040.1 56424 7548 464.6 324.2 69404 62406 46404 4815 7.4
Magnesium content (cmolc dm)

21403 14401 18401 21402 18403 14401 2341 2142 164.1 2.04.2 3.1

Potassium content (mg dm®)
36435 19#14.7 214435 10247.5 111#5 75453 6846.1 7548.0 101+13 105+10.6 255
Phosphorus content (mg dm3)
1520 18#5 17#.6 2742 1146 9#6.7 746 4245 6#2 9H.2 33

The soil pH in agroecological seed production areas was up to 13.4 % lower than the native
forest (5.7). In general, most of the agricultural areas presented lower base saturation than in
the native forest area (up to 29.1 %). The high calcium and magnesium content in the native
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forest reflects the high nutrient recycling by plants.
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In table 2 shows that potassium content in the soils ranged from very high (L3), high (L1, L5,
L8, L9, L10), and medium (L2, L4, L6, L7), while the phosphorus content ranged from high
(L4, L8), medium (L1, L2, L3, L6), low (L5, L7) and to very low (L9, L10) according to
CQFS (2016).

In table 3, we observed all soils under agroecological seed production presented bulk density
ranged from 1.23 to 1.38 Mg m, considered below the critical development for most crops
on medium textural class soils, which is 1.55 Mg m (Reichert et al., 2007). Total porosity in
all areas was equal or higher 0.43 m® m, considered appropriate for crops development
(between 35 and 60 %, according to Khiel, 1979), with most soils showing 1/3 of their porous
volume occupied by macroporosity, which was in most of the areas higher than 0.15 m3m=,

Table 3. Soil physical attributes in the ten areas under agroecological seed production,
identified as L1 to L10, and reference area (native forest) at Conquista da Liberdade
Settlement, Southern Brazil (n = 10; %standard deviation)

Bulk density ~ Macroporosity Microporosity ~ Total porosity

Areas YT R — 3 111 Mi/Ma
L1 1.2440.20 0.25#0.05 0.2440.02 0.4940.07 11
L2 1.3840.12 0.1840.06 0.2540.03 0.4340.03 1:1
L3 1.3240.06 0.2340.02 0.2640.02 0.4940.01 11
L4 1.2340.04 0.1440.04 0.3140.03 0.4540.07 2:1
L5 1.3640.13 0.2140.07 0.2540.02 0.4610.08 11
L6 1.3840.15 0.1540.02 0.2840.02 0.4340.06 211
L7 1.2440.13 0.1340.03 0.3740.03 0.4940.04 31
L8 1.3340.07 0.1740.04 0.2940.04 0.47490.02 211
L9 1.3040.09 0.2049.03 0.2640.01 0.4640.02 1:1
L10 1.3440.06 0.0840.03 0.3840.03 0.4620.04 5:1
Reference (Native Forest) 0.81 0.32 0.31 0.63 1:1

The microporosity ranged from 0.24 to 0.38 m® m™, and Mi/Ma ratio observed in most of the
areas was between 1:1 and 2:1 (Table 3), considered adequate for water storage and root
aeration according to Lacerda Ribeiro et al. (2018). The high Mi/Ma ratio in area L10 is
probably a consequence of the use of the area for grazing in the previous year.

Concerning the native forest, the soils under agroecological seed production presented
between 52.4 to 60.8 % higher bulk density, and between 22 to 75 % lower macroporosity,
and between 21.8 to 32.3% lower total porosity (Table 3). These results were expected since
in natural ecosystems the soil reflects a state of balanced organization between climate,
vegetation, topography, and inherent soil characteristics, which provide a continuous input of
organic carbon and a structural condition without a history of load-bearing. However, this
balanced state is altered when the soil is used for agricultural purposes, since carbon input
and output become very influenced by soil tillage, and crop residue management (Campos et
al. 2011).

103 http://jas.macrothink.org



- Journal of Agricultural Studies
A\\Mac_rothlgk ISSN 2166-0379
Institute 2021, Vol. 9, No. 2

In table 4 showed some differences in the number of individuals of mites and springtails for
ten areas analyzed. In the L1 (beans seed producer) and L2 (flaxseed seed producer) areas,
the mites population was next or equal to ten individuals, while other areas (beans, corn, and
vegetable seeds producer) presented less than five individuals. About the springtails
population, the L8 area presented (beans seed producer) a hundred and seventy-six
individuals, while L9 (corn seed producer) and L6 (beans seed producer) areas present
sixteen and twenty individuals respectively, and others areas present less than ten individuals.
When compared to the native forest area six areas under agroecological seed production had a
smaller mites population and eight areas had a higher springtails population (Table 4).

Table 4. Soil edaphic mesofauna in the ten areas under agroecological seed production,
identified as L1 to L10, and reference area (native forest) at Conquista da Liberdade
Settlement, Southern Brazil (n = 10; %standard deviation)

Areas S Number of individuals et

L1 10.045.6 8.743.8
L2 7.745.7 6.042.6
L3 3.3#.5 5.0£.0
L4 0.0#0.0 0.0#0.0
L5 1.740.6 3.3#4.9
L6 1.340.6 16#+5.1
L7 2.340.6 8.046.0
L8 13#.5 174.7+182.4
L9 434821 204254
L 10 1.0+.7 0.0#0.0
Reference (Native Forest) 3.3 1.3

3.4 Relationship Between Soil Quality Indicators and Soil Management

In the principal component analysis between soil biological, chemical, and physical variables,
the first two components were considered, which had accumulated an eigenvalue of 56 %.
The two components resulted from the linear combination of 11 variables studied, the first
explained 31.6 % and the second 24.4 % of the total variance.

The first component showed the highest positive correlation for pH, base saturation, and
phosphorus content, while negatively the aluminum saturation showed the highest correlation
(Figure 2A). This component can be interpreted as a response related to soil acidity, since
with the increase of pH and base saturation; there is a decrease of aluminum contents,
possibly associated with the use of combined limestone with vegetable waste.
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Figure 2. Eigenvectors of biological, chemical, and physical variables of soils under
agroecological production (A) and grouping of lots and native forest areas for the first and
second components based on biological, chemical, and physical attributes (B).

In the second component, the highest positive correlation was macroporosity, whereas soil
bulk density presented the highest negative correlation (Figure 2A). This component can be
interpreted by the soil mass/volume ratio since increasing soil bulk density results in
decreased soil porosity, especially macroporosity (Brady & Weill, 2016).

Figure 2B shows the distribution of the studied areas based on the PCA quadrants of the
biological, physical, and chemical variables. Considering the quadrants formed by the first
and second components, it is observed that the areas L8, L5 were characterized mainly by pH
and base saturation values. Lots L2, L6, L9, and L10 were characterized by aluminum
saturation. Native forest soil can be characterized mainly by macro and total porosity.
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4. Discussion
4.1 Soil Quality Status from Settled Farmers’ Knowledge

The definition of the attributes used as quantitative indicators of soil quality was carried out
by adopting the following procedures: a) Interviews with farmers about soil quality
perceptions and what attributes used for their assessment, organizing them according to the
order and frequency of citation; b) Adequacy between the soil attributes indicated by farmers
(popular knowledge) and soil attributes based on scientific knowledge, defining a minimum
set of indicators, considering aspects of similarity and complementarity. Therefore, the soil
quality indicators selected for the present study started from this description, synthesizing the
expressions used by farmers in academic expressions.

Settled farmers' responses to the question "What does good quality soil mean?" reveal soil
quality indicators mentioned by them were related to morphological (A horizon depth),
chemical (organic matter and nutrient content), biological (presence of organisms), and
physical (texture, bulk density, and porosity) attributes. In this direction, Adeyolanu et al.
(2018) observed that maize/cassava/yam farmers in Southwestern Nigeria identified soil
quality through soil compaction, erosion, low drainage (physical attributes), low soil fertility
(chemical attribute), and termite infestation (biological attribute). Lima et al. (2013) reported
that organic matter content, soil color, and edaphic fauna were the indicators most used by
rice farmers in Southern Brazil to define soil quality in production areas. Generally, farmers'
assessment of soil quality based on visual observation, and touch involving passing soil
through fingers, especially during plowing, to assess the texture, soil organic matter, moisture
content, and easiness to plow (Kuria et al. 2018).

Settled farmers' responses to the questions "What cares for preserve soil quality?" and "Does
the soil location in landscape influence conservation practices?" showed management
systems adopted by farmers consider both the limitations and potentialities of soil types and
direct their agricultural practices towards maintaining and improving soil quality. Similar
results were observed by Yageta et al. (2019), Buthelezi-Dube et al. (2019), and Kuria et al.
(2018), which mention that sloping land, or with drainage problems, or shallow, or
intensively used, should be managed with care or avoided due to the possible impacts on crop
production and the environment.

4.2 Technical Soil Quality Assessment

In the interview, most of the families (seven families) listed the organic matter content as a
good indicator of soil quality in their seed production areas. However, the quantitative
analysis showed that most areas have low levels with values below or next to 2.5 % (Table 2).
This result is attributed to annual tillage adopted by all farmers, which does not allow for the
accumulation of cover crop residues in production areas. During the interviews, it was
observed that soil tillage is adopted in a more favorable position in the landscape. Similar
results were observed by Kuria et al. (2018), in which the importance of postharvest residues
under soil was more frequently mentioned by farmers in the recovering landscapes located in
more midslope than those in downslope and upslope.
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Although liming was performed in all production areas for at least two years, as explained in
the material and methods (Assessment of settled farmers’ knowledge), the soil pH of below
5.5 (Table 2) could be influenced due to the annual addition of poultry litter. Mowrer et al.
(2020) observed a similar result, in which pH decrease after 10 years of poultry litter
application in sandy loam soil at 0.20 depths. On the other hand, a positive effect in poultry
litter application is increased base saturation in the sandy loam topsoil layer, both under
conventional tillage (He et al., 2019), which was observed also in the present study (Table 2).

Considering that poultry litter has around 4 % of P20s (CQFS, 2016), and its availability
during the 1% crop (efficiency index of 0.8), the lower phosphorus content in the L5, L7, L9,
and L10 areas could be due to the lower clay content of soils (respectively 22, 23, 24 and
20 %) which promote a low nutrient retention capacity. Additionally, annual soil tillage
promotes a greater susceptibility to erosion, which can lead to phosphorus losses, besides
organic matter oxidation, a fact observed in the present study (Table 2). Organic matter is
crucial in ensuring that the phosphorus present in the poultry litter remains available (when
available) in low-clay soils (Brady & Weill, 2016). In this direction, Bohara et al. (2019)
evaluating poultry litter addition in sandy loam packed soil columns observed increased
phosphorus concentration in leachate samples compared to soil columns with biochar
produced from pinewood chips.

Soil with good infiltration and moisture conservation were indicators of soil quality in the
productive areas listed by most families (six families). The quantitative analysis shows a
lower bulk density (1.23 to 1.38 Mg m™), a higher total porosity (equal or higher 0.43 m3m3)
and macroporosity (higher than 0.15 m3®m) in the agricultural areas (Table 3) probably a
reflection of the annual soil tillage carried out for seed crops, according to information from
the interviews. Despite the conventional tillage promoting greater soil macroporosity, these
are usually agglomerated, more randomly structured, and not connected, whereas in soil
under no-tillage the macroporosity can be also higher than conventional tillage, and presented
connected pore ramifications, as observed by Galdos et al. (2019).

The most of families (seven families) attributed also the soil organism’s presence as a good
indicator of quality. However, there were differences in the mites and springtails population
between the agricultural areas evaluated. The higher mite population observed in the L1 and
L2 areas (Table 4) is possible due to the land's history in the last agricultural year. i.e., before
seed crop implantation with soil tillage, L1 was under perennial pasture, and L2 was under
fallow land around one year.

More investigations in different seasons and the litter's amount measuring must be carried out
for a better understanding of variations in the edaphic mesofauna organisms. In general, the
mites and springtails population was low in the areas of agroecological seed production
(Table 4), possibly due to the time when the samples were collected (May 2018, early autumn
in Brazil). According to Zagatto et al. (2019) in plowed systems, the abundance of soil
mesofauna is higher in the winter season and decaying going into summer, and reaching a
new increase in abundance in autumn.

The higher mites population observed in native forest area are due to more organic material
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present on the soil surface (litter) which benefits the development of mites. However, similar
behavior was expected for springtails, a fact which was not observed in the present study
(Table 4). One of the reasons for the higher springtails population in agricultural areas could
be attributed to the higher soil acidity, which promotes a more significant development of
fungal hyphae (Brady & Weill, 2016), and is a preferred food of springtails (Oliveira Filho &
Baretta, 2016).

4.3 Relationship Between Soil Quality Indicators and Soil Management

There is an association between springtails with soil fertility since they are positively
correlated with pH, base saturation, phosphorus, and organic matter (Figure 2A). According
to Ortiz et al. (2019), land use systems with less acidic pH, application of organic fertilizers,
and maintenance of cultural residues between winter and summer crops favor the presence of
organisms of the fauna of the soil, as the springtails, because there are refuges, different
alimentary resources which influenced the microbial biomass that serves as food for the
springtails.

Springtails and mites were positively correlated with soil porosity (Figure 2A). The porous
soil system is a consequence of soil structure, which can be affected by biological processes
such as the digging activity of soil organisms and the tangle of particles caused by root
growth and fungal hyphae (Ortiz et al., 2019).

In L8 higher pH and base saturation values, the great springtails number, and the lower
aluminum saturation can be explained by the fact that in this area was observed the best soil
management (vegetation cover and crop rotation). In L5, although there is no crop rotation,
good soil fertility can be explained by the fact that farmers used to observe the crop growth
and reinforce the organic fertilization in the areas with lower crop development.

Aluminum saturation observed in lots of L2, L6, L9, and L10 (Figure 2B) is explained by the
fact that there is no liming in these areas. Also, in lots 2 and 10 which the area was previously
used as cattle pasture and there is no crop rotation; and in lot 6 high levels of aluminum can
be explained by the intensive cultivation with two harvests per year.

The native forest area was mainly characterized by higher porosity and lower soil density.
This reflects the effect of the forest ecosystem on soil mass/volume relation. The soil porous
system is a consequence of soil structuring, which can be affected by biological processes
such as the excavation activity of soil organisms and the entanglement of particles caused by
the growth of roots and fungi hyphae. In this sense, soils with a higher proportion of porous
space than the volume of solids have lower density and, consequently, any factor that
influences the porous space will affect the bulk density (Brady & Weill, 2016).

In general, the integration of biological, physical, and chemical indicators shows that the
presence of springtails, soil acidity, fertility, and organic matter were the most prominent
variables in the characterization of soil quality under agroecological management. However,
of the ten areas evaluated, only two stood out with better values of soil quality indicators.
Thus the management adopted by the farmers is agroecological, it is important to know the
specifics of each area to obtain better results in soil quality.
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Through the farmers' view on soil quality, several parameters were determined in the
laboratory to diagnose the current quality status of the areas with agroecological seeds
production of corn, beans, and vegetables. About this, we conclude:
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(a) All farmers mentioned that the presence of organic matter indicated good quality soil;
however, the study showed that most soils have low content even using cover crops and crop
rotation. This is a direct consequence of the annual tillage adopted by all farmers for the
implantation of seed crops. However, the annual addition of poultry litter associated with
cover crops use possibly contributes to the high base saturation in all soils under
agroecological seeds production;

(b) Farmers indicated that a good quality soil would be non-acidic; in turn, soil pH analysis
indicated that most of the areas are in inadequate conditions for plant development, with
emphasison L2, L3, L6, L9, and L10 areas, which present toxic aluminum in the range of 5
to 8 %;

(c) Uncompacted soil, with good water infiltration and moisture conservation, was listed also
by farmers as good quality soil. These conditions were verified in all areas, possibly due to
the annual soil tillage before seeds crops implantation;

(d) Farmers pointed out that good quality soil has "life" with the presence of organisms. In
our study, we observed a low population of mites and springtails in most areas, and general
similar to each other, which should be investigated again in the future to assess the reason for
this behavior.

Despite the disparities between the data obtained by analysis and the farmers' perception of
good soil quality, it is important to mention that before the conversion to Agroecology, all
areas were considered degraded by them. Therefore, the positive farmers' perception mainly
about the organic matter content and soil organism's presence in their agroecological
production areas come from the degradation history of the areas, at the same time they
attribute improvements in soil quality due to the actions adopted over the 10 years, mainly the
use of cover plants and organic fertilization.

Finally, farmers who don’t practice subsistence farming, should make an agrochemical
mapping, to know the particularities of the soil in their farms and to apply methods to
improve it.
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