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Abstract

The tillage systems induce changes in soil structure; modify the porous space, and influence soil water and air
dynamics. In this sense, it is important to evaluate these impacts on soil physical quality according to different
tillage system with distinct years of implementation. The physical properties of a Oxisol at the Brazilian Cerrado
with distinct tillage conditions (conventional, no-till, and a native Cerrado) with different years were compared.
The study was conducted at Novo Horizonte farm, at the Cerrado region of southwest Piaui. Soil samples were
collected at 0.0-0.10, 0.10-0.20 and 0.20-0.30 m depth in different management systems: no-till with three and
five years of implantation (NT3 and NT5, respectively); conventional till with five and nine years (CC5 and CC9,
respectively); and a native cerrado area. Were analyzed the aggregate stability in water, soil bulk density, particle
density, macro and microporosity, total porosity and total organic carbon. The years of implementation of the
tillage systems caused changes in the soil physical properties, which were more evident in the surface layer.
Although improved soil physical attributes were observed in no-till after five years of implantation, a longer
evaluation time is required for the studied conditions.
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1. Introduction

The Brazilian Cerrado is being highlighted in the agricultural scenario due to the significant increase in grains
and fibers cultivation area. However, besides the concern for food production, it is important to point out that the
cropping in these areas may affect the soil physical quality.

The tillage practices induce changes in soil physical properties affecting the plant development and,
consequently, decreasing the productivity. The impacts can be summarized as changes in the macroporosity
(Carneiro et al., 2009; Wendling et al., 2012); aggregates stability (Fontenele et al., 2009; Santos et al., 2012;
Servadio et al., 2016); organic matter content (Pragana et al., 2012; Santos et al., 2012); soil-water infiltration,
aeration and permeability (Fontana et al., 2016; Farias et al., 2017).

The conventional tillage practices increase macroporosity (Silva et al., 2009), but also induces subsurface
compaction. Additionally, plowing affects soil structure breaking the connection between aggregates (Bavoso et
al., 2010), contributing to organic matter oxidation (Rossetti & Centurion, 2015).

Conservation tillage practices, such as no-till, consists of technologies that are used to enhance the sustainability
of agricultural systems (Rossetti & Centurion, 2015). These practices include cover cropping; crop rotation, and
lower disturbance (Betioli Junior et al., 2012, Hickmann et al., 2012) which reduce organic matter
decomposition (Costa et al., 2009; Pragana et al., 2012; Santos et al., 2012) and improve soil structure quality
(Fontenele et al., 2009; Silva et al., 2014a). Despite several studies report that no-till may increase soil bulk
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density and microporosity (Pragana et al., 2012), these effects can be minimized by cover crops (Silva et al.,
2014b). In addition, the crop residues on the soil surface reduce erosion, as it promotes the dissipation of the
raindrop kinetic energy; and reduces clod disintegration and surface sealing, favoring water infiltration (Ferreira
et al., 2010).

The evaluation soil physical quality is performed using many variables, which makes it expensive and time
consuming. In this sense, multivariate statistical analysis has been a widely used, since it can explain the
maximum interactions among the variables and indicate the most important variables to the objective, e.g.,
evaluate soil physical quality (Pragana et al., 2012). Considering the effect on the soil structure caused by tillage,
we tested the hypothesis that the no-till improves soil physical attributes, and this contribution increases during
the time. In this way, this study aimed to evaluate the physical attributes of a Oxisol of the Cerrado at Piaui state
under conventional and no-till system, at different ages.

2. Material and Methods

The experiment was conducted at Novo Horizonte Farm (09°1922" S and 44°49'55.6” W), in the Cerrado region
of SW-Piaui, located at the Serra do Quilombo. The study site is marked by a warm semi-humid climate, with a
1100 mm yr’' mean precipitation, and classified as Aw according to Képpen climatic classification.

The studied soil was classified as a Oxisol with grain size composition presented in Table 1. Soil samples were
collected in a conventional till area cultivated during five and nine years, respectively CC5 and CC9; a no-till
area with three and five years of implementation, respectively NT3 and NT5; and a native Cerrado (NC).

Table 1. Particle size distribution of studied sites (Native Cerrado; conventional and no-tillage)

Manejo Sand Clay Silt Soil textural class
gkg'

NC 592 320 88 Sandy clay loam

NT5 592 324 84 Sandy clay loam

NT3 768 205 27 Sandy loam

CC9 738 226 36 Sandy loam

CCs 732 235 33 Sandy loam

Both the conventional till sites have been cultivated with soybeans since 2006 and 2002, characterizing CC5 and
CC9, respectively. At the no-till area, NT3 was conventionally tilled during four years using 5 tons of limestone
ha™' (2.0 tons during the first year and 1.5 tons in the following two years), fertilized with 300 kg ha™ of
00-25-00 NPK + 8% of S and cover fertilization with 100 kg ha™ of KCI for soybean, and 400 kg ha™ of the
formula 04-20-20 + 0.5% of Zn for rice, being replaced by soybean in 2008. In the 2009/2010 harvest,
cultivation of corn intercropped with brachiaria. The NT5 was conventionally maintained for six years and
converted to the no-tillage system five years ago with soybean/millet and corn/brachiaria consortia alternately.
Before its conversion, 5.0 t of limestone was applied in 2003, 1.5 t in 2004, 2005 and 1.0 t in 2006, incorporated
with a grid of 28".

Soil samples were collected at each site, at 0.0-0.10; 0.10-0.20; 0.20-0.30 m depth with five replicates,
accounting 75 samples. Aggregates stability was evaluated using wet sieving (Yoder, 1936). Thus, air-dried
aggregates (25 g) were sieved in a 8§ mm mesh and the clods retained in a 4.75 mm diameter mesh were
subjected to slow pre-wetting, by an atomizer using distilled water. The 4.75 to 8 mm clods were subjected to
vertical stirring during 15 minutes in the Yoder apparatus, using sieves with 2.0; 1.0; 0.50 0.25 and 0.105 mm
diameter mesh. After the 15 minutes, the collected clods were oven dried (105 °C). Geometric Mean Diameter
(GMD) of the aggregates was calculated as follows (Equation 1):

E w, logx,
e ‘ 1
GMD="=— M

n

S

i=1
Where, x; is the mean diameter of each size fraction (mm), w;is the weight of aggregate in a size class with an
average diameter x;(g) and 2 is the weight of the sample.
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Undisturbed soil samples were collected using a cylindrical metal sampler (0.05 m diameter and height) for the
determination of soil bulk density (Bd). Soil particle density (Pd) was assessed using a pycnometer, and soil total
porosity (Tp) was calculated according to Equation 2:

sz[l—B“’JxlOO @)
5
Microporosity (Mic) was determined using the Haines funnel, equivalent to water content at 6 kPa. The
macroporosity (Mac) was determined as the difference between total porosity and microporosity, according to
the method described in EMBRAPA (2012). Total organic C (TOC) was quantified in milled and sieved (0.25
mm) samples using dry combustion method at 950 °C (Vario TOC cube, Elementar).

For statistical analysis, the study was conducted in a completely randomized design, using a factorial scheme
(systems X soil depth) with split plots and five replicates. The results were compared using analysis of variance
(ANOVA) and Tukey test at 5% probability. Additionally, multivariate agglomerative hierarchical clustering
(AHP) was performed to identify the similarity between cultivation systems, and principal component analysis
(PCA) to reduce the number of variables and indicate the importance of each to explain the variance and
principal component (PC). Principal components that present eigenvalues above 1 and an accumulated variance
above 80% were selected. For the multivariate statistical analysis was used the XLSTAT demo version (2016).
All multivariate analysis were performed after the standardization of the variables, e.g., mean equals 0 and
variance equals 1.

3. Results and Discussion

The Native Cerrado area presented the highest GMD (4.84 mm), Tp (0.46 m® m™) and Mac (0.26 m* m™) mean
values in all evaluated soil layers. For all studied sites, was recorded lower GMD; Tp; and Mac, associated with
higher Bd values, at deeper soil layers. The lower Bd recorded at NT5 (1.36 Mg m™), compared to other sites,
may be related to the higher clay content (Table 2).

Table 2. Total Porosity (Tp), Macroporosity (Mac), Microporosity (Mic), Bulk Density (Bd), Geometric Mean
Diameter (GMD) and Total Organic Carbon (TOC) for the studied sites

Prof. (m) Manejo Tp Mac Mic GMD TOC Bd
m m> mm g kg Mg m™
NC 0.53Aa 0.28Aa 0.25Ba 4.78Aa 18.92Aa 1.36Cb
= NTS 0.44Ca 0.15Ca 0.29Aa 4.19Aa 15.25Bab 1.30CBb
S NT3 0.48Ba 0.26Aa 0.22Ca 3.42BCa 15.03Bc 1.51Ab
S CC9 0.48Bb 0.25Aa 0.23BCa 3.52ABCa 10.82Cb 1.40Bb
CC5 0.46BCa 0.21Ba 0.25Ba 2.87Ca 11.75Cb 1.39Bb
""""""" NC ~ 048Ab  026Aab  022BCb  492Aa  1831Aba  1.40Bb
5 NT5 0.40Bb 0.12Db 0.28Aa 3.48Ba 16.58Ba 1.38Ba
c|’ NT3 0.43Bbc 0.21Bb 0.22BCa 2.46Ca 19.91Aa 1.59Aa
E CC9 0.40Bc 0.17Cb 0.23BCa 3.80Ba 10.92Cb 1.51Aa
CCs 0.42Bb 0.17BCb 0.25Bab 2.31Ca 12.06Cb 1.59Aa
""""""" NC ~  047Bb  025Ab  022ABb  4.78Aa  1859Ba  151Ba
§ NTS 0.39Cb 0.16Ca 0.23ABb 3.09BCa 15.48Cab 1.40Ca
4 NT3 0.42Cc 0.21Bb 0.21Ba 2.84BCa 17.84Bb 1.62Aa
N CcC9 0.51Aa 0.27Aa 0.24Aa 3.79Ba 19.29Ba 1.54ABa
< CCs 0.41Cb 0.18BCab 0.23ABb 2.29Ca 21.86Aa 1.30Dc
vV 426 889 620 1969 1851 515

Note. NTS: no till after 5 years; NT3; no-till after 3 years; CC9: conventional till after 9 years; CCS5:
conventional till after 5 years; NC: Native Cerrado.

Regarding Tp, there was no significant difference between the tillage systems for each soil layer, except for NT5
and CCS5 at 0.0-0.10 m and CC9 at 0.20-0.30 m layer (Table 2). The lower Tp values recorded at NTS may be a
result of the influence of the machinery traffic and the non-tillage of the soil (Pragana et al., 2012) causing soil
compaction, especially if conducted at high soil moisture content (Guimaraes et al., 2013; Servadio et al., 2016).
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Mic values presented an increasing trend with depth for all evaluated systems; except CCS5 and NTS5.
Additionally, were recorded higher proportion of Mic to Mac at deeper layers, which can increase water
retention as well as decrease water infiltration into the soil.

The GMD values presented a significant difference between the systems, with highest values recorded at the
Native Cerrado site at 0.10-0.20 m soil layer (mean: 4.92 mm). When compared the tillage systems, highest
values were recorded at NT5S in the 0.0-0.10 m layer (mean: 4.19 mm). At this site, it was observed a reduction
of GMD values at deeper soil layers, whereas higher GMD values were observed at deeper soil layers from CC9
(mean: 3.79 mm at 0.20-0.30 m soil layer).

Higher GMD values were observed in NT5 compared to NT3 and also CC9 in relation to CC5. At the no-till sites,
it cannot be inferred that the adoption age of the conservation practices was sufficient to improve soil structure
and physical quality. At the same study site, Pragana et al. (2012) observed a negative effect on soil quality eight
years after the implementation no-till system, showing that the evaluation time was not enough to improve soil
physical quality. The grain size composition is another factor that may have contributed since NTS presents
lower sand content when compared to NT3 (Table 1).

For each tillage system, GMD values were not significantly influenced by the sampling depth. The lowest GMD
value was observed in CC5 (2.29 mm) at 0.20-0.30 m soil layer. A comparative analysis shows that GMD is not
associated with the TOC contents, showing a certain randomness of the results. Fontenele et al. (2009) reported
higher GMD values (GMD > 3.3 mm) in a Oxisol conventionally cultivated, which were statistically similar to
values recorded at a no-till site. This high stability of aggregates may be due to successive wetting and drying
cycles (Wendling et al., 2012) or related to a possible soil compaction.

The highest TOC values were found at the Native Cerrado, mainly in the 0.0-0.10 m soil layer. The
non-mobilization of the soil and the constant deposition of organic material are the main factors that contribute
to the higher TOC values recorded for this area (Carneiro et al., 2009; Rossetti & Centurion, 2015). When
compared the tillage systems, the TOC contents were similar for all depths. This fact can result from the remnant
of previous conventional tillage when the plowing caused the incorporation of the organic matter in greater
depths (Rossetti & Centurion, 2001).

At the surface layers (0.0-0.10 m), the Ds values recorded for Native Cerrado and PD5 were statistically similar,
differing from the other treatments (NT3, CC5 and CC9) (Table 2). However, the Ds values are considered low
to the soil textural class (Sandy clay loam). Additionally, for all tillage systems, an increasing trend for the Ds
values was observed towards the 0.10-0.20 m depth. This trend was also observed for to the 0.20-0.30 m layer,
except in CC5 where a reduction trend was observed. Soil plowing and harrowing increase soil macroporosity,
but this beneficial effect is eliminated by soil compaction (Silva et al., 2005).

Regarding the influence of time on management systems, NT5 presented lower Pt and Mac and higher Mic,
although these values are not limiting for the development of most agricultural crops. In NTS, an increase of
GMD was observed in relation to the other management systems, mainly in the superficial layer.

The clustering analysis indicates the formation of clusters for each soil layers (Figure 1). For the 0.0-0.10 m soil
layer, were obtained three distinct groups formed by CCS and CC9 (i); Native Cerrado (ii); and NT3 and NT5
(ii1). The groups were formed according to the similarity between their components, indicating the strong
influence of the management system on the soil properties of this layer.
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Figure 1. Dendrogram of hierarchical cluster analysis for the tillage systems at different depths

Note. NT5: no till after 5 years; NT3; no-till after 3 years; CC9: conventional till after 9 years; CC5:
conventional till after 5 years; NC: Native Cerrado.

In the 0.10-0.20 m layer, only two clusters were observed: a group formed by conventional tillage (CC5-CC9)
and second formed by PD3, PD5, and Native Cerrado. For the 0.20-0.30 m layer, was observed the formation of
4 clusters with similarity observed only among Native Cerrado and CC9.

For the 0.0-0.10 m layer, principal component (PC) 1 and 2 showed eigenvalues greater than 1, explaining 59.7
and 27.6% of the total variance (Table 4). The PC 1 is mostly represented by the variables Ds, Mic and Pt,
whereas PC 2 is formed by GMD (Table 5).

Table 4. Eigenvalues and explained variance by each principal component (PC) for each soil layer

0.0-0.10 m 0.10-0.20 m 0.20-0.30 m
Components Eigenvalues EXP laip .ed Eigenvalues Explaip .ed Eigenvalues EXP lai_n -ed
variability (%) variability (%) variability (%)
1 3.585 59.7 2.832 47.2 3.116 51.9
2 1.654 27.6 2.239 373 1.529 25.5
3 0.729 12.2 0.853 14.2 0.892 14.9
4 0.032 0.5 0.076 1.3 0.464 7.7
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Table 5. Factorial loads by main component method for factor composition, after Varimax rotation, for different
depths

. 0.0-0.10 m 0.10-0.20 m 0.20-0.30 m
Variable
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

Bd -0.959 0.000 -0.988 0.151 0.956 -0.152
GMD 0.597 0.756 0.851 0.359 0.685 0.434
TOC 0.073 0.855 0.295 0.506 -0.365 0.603
Mac -0.707 0.587 0.076 0.974 0.722 0.678
Mic 0.931 -0.089 0.248 -0.928 -0.404 0.686
Tp 0.967 -0.017 0.988 -0.151 -0.956 0.152

Note. Bulk Density (Bd), Geometric Mean Diameter (GMD), Total Organic Carbon (TOC), Macroporosity
(Mac), Microporosity (Mic), and Total Porosity (Tp) for the studied sites.

For the 0.10-0.20 and 0.20-0.30 m layers, PC 1 and 2 presented the same trend, showing eigenvalues > 1.
Regarding the variance for the 0.10-0.20 m layer, PC 1 and PC 2 represented 47.2 and 37.3%, respectively. The
PC 1 was formed by Ds, GMD, and Pt whereas PC 2 was formed by Mac and Mic. For the 0.20-0.30 m layer, PC
1 and 2 presented 51.9 and 25.5% of the variance, respectively, formed by Ds and Pt (PC 1); and COT, Mac, and
Mic (PC 2).

4. Conclusions

Changes in the soil physical properties, which were more evident in the surface layer, were particularly due to

the time of the tillage systems implementation. Although better soil physical properties were observed after five
years of no-tillage, a longer evaluation time is required for the studied conditions.

Through multivariate analysis, it was observed that soil density, total porosity, macro and microporosity were the
variables that achieved the highest percentage of variance among the evaluated tillage systems.
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