
Geoderma 259–260 (2015) 149–155

Contents lists available at ScienceDirect

Geoderma

j ourna l homepage: www.e lsev ie r .com/ locate /geoderma
Effect of soil chiseling on soil structure and root growth for a clayey soil
under no-tillage
Márcio Renato Nunes a,⁎, José Eloir Denardin b, Eloy Antônio Pauletto c,
Antônio Faganello b, Luiz Fernando Spinelli Pinto c

a University of São Paulo, “Luiz de Queiroz” College of Agriculture, Avenida Pádua Dias, 11, CEP 13418-900 Piracicaba, São Paulo, Brazil
b Embrapa Trigo, Rodovia BR 285, km. 294, P.O. Box 451, CEP 99001-970 Passo Fundo, Rio Grande do Sul, Brazil
c Federal University of Pelotas, Department of Soil Science, Campus Universitário s/n, P.O. Box 354, 96010-900 Pelotas, Rio Grande do Sul, Brazil
⁎ Corresponding author.
E-mail addresses: marcio_r_@yahoo.com.br (M.R. Nun

(J.E. Denardin), pauletto@ufpel.edu.br (E.A. Pauletto), afag
(A. Faganello), lfspin@ufpel.edu.br (L.F.S. Pinto).

http://dx.doi.org/10.1016/j.geoderma.2015.06.003
0016-7061/© 2015 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 11 November 2014
Received in revised form 2 June 2015
Accepted 3 June 2015
Available online xxxx

Keywords:
Soil physical attributes
Soil compaction
Root growth
Organic carbon
Soil structure
Soil chiseling under no-tillage (NT) promotes root growth in depth. This practice, however, might affect soil ag-
gregation. This study evaluated the chiseling effects on the aggregation of a Ferralic Nitisol (Rhodic), under NT, in
humid subtropical climate region. The treatments carried out consisted of the time that soil was kept under NT
after chiseling: continuous NT for 24 months after chiseling in September 2009; continuous NT for 18 months
after chiseling in March 2010; continuous NT for 12 months after chiseling in September 2010; continuous NT
for 6months after chiseling inMarch 2011;NT in newly chiseling soil in September 2011; continuous NTwithout
chiseling (control). The species cultivated in the area were: corn in 2009/2010 growing season; wheat in 2010;
soybean in 2010/2011 growing season; rye in 2011; and corn in 2011/2012 growing season. Treatment effects
were evaluated through the following determinations: soil organic carbon, aggregates stability, meanweight di-
ameter, aggregates larger than 2 mm, and soil macroaggregates and microaggregates. The corn root density was
correlated to the soil aggregation parameters. The effect of soil chiseling, in a clayey humid subtropical soil under
NT, reduced the size of soil aggregates, in the layer 0.07 to 0.17m, in the first six months after this practice. How-
ever, 12 months after the soil chiseling, the aggregates returned to the original size. Root growth was favored in
the layer between 0.07 and 0.20 m, due to the chisel action, and did not influence soil aggregation in relation to
the control treatment. The soil chiseling practice, therefore, did not promote persistent improvement in the struc-
ture of a clayey soil under NT, in humid subtropical climate region.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

The no-tillage (NT) is adopted in more than 100 million ha in the
world (Derpsch et al., 2010). This is a system in which crops are sown
without any prior loosening of the soil by cultivation other than the
very shallow disturbance (about at 0.05m)whichmay arise by the pas-
sage of the drill coulters and after which usually 30–100% of the surface
remains covered with plant residues (Soane et al., 2012). The adoption
of NT may result in economic and environmental benefits (Lal et al.,
1999; Shaver et al., 2003; Adl et al., 2005; Putte et al., 2010; Babujia
et al., 2010; Silva et al., 2014). However, the clayey soils under NT typi-
cally show a compacted layer, at around 0.07 and 0.20m deep (Reichert
et al., 2009; Nunes et al., 2015). This concentrates the crop root system
in the topsoil layer, at around 0 to 0.07 m (Nunes et al., 2015), affecting
water and nutrient uptake by crops (Batey and McKenzie, 2006) and,
es), denardin@cnpt.embrapa.br
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consequently, decreases crop yield (Buttery et al., 1998; Hamza and
Anderson, 2005).

Mechanical chiseling has been used to disrupt the compacted layer
of soils under NT system. This practice increases soil porosity, decreases
soil bulk density and promotes root development (Colonego and
Rosolem, 2010; Nunes et al., 2014). The root system has direct effect
on the soil aggregation state (Martins et al., 2009), and is the main
source of organic carbon accumulation in the soil (Santos et al., 2011).
This can improve soil aggregation (Colonego and Rosolem, 2008). How-
ever, the soil chiseling effectsmight disappear after, approximately, two
years of operation, depending on soil texture, climate, and cropping sys-
tem (Evans et al., 1996; Colonego and Rosolem, 2010; Nunes et al.,
2014). On other hand, increase of soil organic carbon content is a slow
process (Six et al., 2002; Abdollahi et al., 2014), and the positive effects
due to plant species growth on soil aggregates under NT are expected to
occur in the long-term (Garcia et al., 2013).

Soil mechanical chiseling, per se, should not have great impact on
the soil organic matter and soil aggregation. However, the increases of
aeration and temperature in the topsoil layer (at around 0–0.25 m),
due to soil mechanical chiseling, might accelerate organic carbon



Table 2
Treatments indication and species grown throughout the period the experiment was
conducted.

Treatments Summer
2009–2010

Winter
2010

Summer
2010–2011

Winter
2011

Summer
2011–2012

C24 Chiseling NT NT NT NT
Corn Wheat Soybean Rye Corn

C18 NT Chiseling NT NT NT
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mineralization and, consequently, influence soil aggregation state
(Fabrizzi et al., 2009). Soil biological and biochemical properties re-
spond quickly to changes produced by soil management (Visser and
Parkinson, 1992; Trasar-Cepeda et al., 2008; Garcia et al., 2013). Accord-
ing toMelero et al. (2011), mechanical practice tomitigate soil compac-
tion under NT has a negative effect on organic carbon and on enzymatic
activities, producing, in short-term, losses in organic matter, reducing
soil biochemical quality. Furthermore, the chisel mechanical action
might break soil aggregates, decreasing their size similarly to the soil
preparationwith plowandharrowdisk (Fabrizzi et al., 2009),which ini-
tially reduces macro-aggregates percentage (Colonego and Rosolem,
2008). Therefore, the mechanical chiseling on soil under NT may have
negative effects; decreasing soil organic carbon level and reducing the
soil aggregates size and stability.

Mechanical chiseling is not only costly, but also is a practice that
opposes the NT system precepts, since it involves intense disturbance of
soil, greater traffic ofmachinery, additional use of agricultural implements
in crops, and increased cost of production (Bertolini and Gamero, 2010).
Therefore, it is important to conduct an assessment of its effects on the
soil aggregation state, aswell as on the persistence of these effects to rem-
edy restrictions on root growth in areas under NT system.

This study was developed based on the following hypothesis: i) soil
chiseling decrease soil aggregates size and stability in areas under NT;
ii) improved root growth by chiseling is not sufficient to promote im-
provement in the clay soil aggregation condition in the compacted layer
in areas under NT system; iii) soil chiseling does not promote long-
lasting improvement in the clay soil structure in areas under NT system.
Therefore, the purpose of the this study was to evaluate the soil mechan-
ical chiseling effect on the soil aggregation state and on the organic carbon
level of a clayey soil [Ferralic Nitisol (Rhodic)]managed under NT system.

2. Material and methods

2.1. Experimental design and area

The study was carried out at Embrapa Trigo Experimental Field, in
Passo Fundo, Rio Grande do Sul, Brazil (28°11′20″ S; 52°19′62″ W;
691 m altitude) in a Ferralic Nitisol (Rhodic) (USDA, 2012) with clayey
texture (Table 1), and located in a gently rolling relief. The climate in
the region, according to the Köppen classification, is Cfa, humid
subtropical.

The experimental area has been cultivated under NT for over 10 years,
in a crop production model comprised by the succession of soybean and
corn (Zea mays L.) in summer and wheat (Triticum aestivum L.) in winter.
The soil in this area clearly presented a compacted layer between0.07 and
0.20 m depth, revealed in an expeditious evaluation performed in the
field by the method of the cultural profile (Silva et al., 2014).

The experiment started in September 2009, in randomized blocks,
with four replications and six treatments, resulting in 24 plots with di-
mensions of 8 × 6 m each. The treatments consisted of the time the soil
was kept under NT, after themechanical chiseling operation: C24, contin-
uous NT for 24 months, after chiseling carried out in September 2009;
C18, continuous NT for 18 months, after chiseling carried out in March
2010; C12 continuousNT for 12months, after chiseling carried out in Sep-
tember 2010; C6, continuous NT for 6 months, after chiseling carried out
Table 1
Physical characterization of the Ferralic Nitisol (Rhodic), used in the study.

Layer Clay Silt Sand DC PD

(m) (g kg−1) (g cm−3)

0.00–0.07 587 203 210 316 2.67
0.07–0.17 601 193 206 397 2.72
0.17–0.20 604 194 202 408 2.74
0.20–0.30 630 188 182 425 2.74

DC= dispersed clay. PD = particle density.
in March 2011; C0, NT in recently chiseled soil, in September 2011; NT,
continuous NT, without chiseling (control). The effect of these treatments
was evaluated during the 2011/12 cropping season.

During the study (2009 to 2012), machinery traffic in the experimen-
tal area was restricted to the crop sowing andmechanical chiseling oper-
ation. The crops were sownwith a seeder equipped with drill coulters, in
order to produce the furrow and also to inject fertilizer at 0.05 m and
0.07 m depth for winter and summer crops, respectively, similarly the
depth of action of soil openers typically employed in the subtropical
humid climate region in Brazil. The weight of this seed drill was approxi-
mately 2800 kg, while the weight of the tractor used to pull the seed drill
and the chisel plow was around 5000 kg.

The species cultivated throughout the period of the experiment that
was conducted from September 2009 to February 2012, were: corn,
from September 2009 to February 2010; wheat, from June 2010 to
November 2010; soybean, from November 2010 to March 2011; rye
(Secale cereale L.), from April 2011 to September 2011; and corn, from
September 2011 to February 2012 (Table 2).

Soil mechanical chiseling reached a depth of approximately 0.25 m,
with a chisel plow equipped with five fixed shanks, 0.30 m interval be-
tween the shanks, and roller, which makes harrowing unnecessary
(Fig. 1). The width of the shanks was 60 mm. The operation was carried
out while the soil presented water content close to the friability point.

2.2. Soil sampling and analyses

The plant root system was evaluated, in December 2011, in the corn
R3 phenological stage (Ritchie and Hanway, 1993), through the nail-
plate technique (Bohm, 1979). The nail-plate used was 0.60 m wide,
0.30 m high and 0.05 m thick, resulting in the collection of soil and root
monolith with 9 dm3. After dispersion and soil removal from the mono-
liths, the root system present in each monolith was divided into three
layers: 0 to 0.07 m; 0.07 to 0.17 m; and 0.17 to 0.30 m. The roots
contained in each layer were dried in oven at 65 °C, for 72 h, and the
drymattermasswas evaluated in a 0.0001 gprecision scale. The root den-
sity, in kilograms per soil cubic meter, was estimated through ratio be-
tween the root dry matter mass and the soil volume in each layer.

In February 2012, after the corn was harvested, in the experimental
units corresponding only to control treatment (NT), pits 0.30 m deep
were opened transversally to the soil chisel action, to allow expeditious
evaluation by the cultural profile method (Silva et al., 2014). The soil, in
the control plots, clearly presented three distinct layers: i) surface layer,
at around 0.0–0.07 m, characterized by soil with aggregates of varied
sizes and pores visible to the naked eye; ii) compacted layer, at around
0.07–0.20 m, characterized by massive soil structure, and without pores
visible to the naked eye; iii) layer between 0.20 and 0.30 m, apparently
Corn Wheat Soybean Rye Corn
C12 NT NT Chiseling NT NT

Corn Wheat Soybean Rye Corn
C6 NT NT NT Chiseling NT

Corn Wheat Soybean Rye Corn
C0 NT NT NT NT Chiseling

Corn Wheat Soybean Rye Corn
Control NT NT NT NT NT

Corn Wheat Soybean Rye Corn

C24: continuous No-Till (NT) for 24 months, after chiseling; C18: continuous NT for 18
months, after chiseling; C12: continuous NT for 12months, after chiseling; C6: continuous
NT for 6 months, after chiseling; C0: NT in newly chiseling soil; Control: continuous NT,
without chiseling.



Fig. 1. Chiseling plow, used in the soil mechanical chiseling, equippedwith five fixed shanks
0.30 m interval between the shanks, and roller, which makes harrowing unnecessary.
Adapted from Drescher (2011).
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less compacted, and showing the natural soil structure. Based on thisfield
evaluation, in the 0.02–0.05 m (layer i), 0.09–0.012 and at 0.17–0.20 m
(layer ii) and 0.25–0.28 (layer iii), six undisturbed soil samples, in each
layer, were collected in stainless cylinders with 48 mm diameter and
30mmheight. Similar 0.30mdeep pitswere opened in the remaining ex-
perimental units to collect the soil samples, following the same layers and
procedures used for the control treatments.

Three of these samples were used to determine soil macroporosity
(Ø N 0.05 mm) through the method described by Embrapa (2011) and
soil bulk density through the method described by Grossman and
Reinsch (2002). The other three samples were used to determine the
soil penetration resistancewith a bench-mounted electronic penetrom-
eter, model MA 933, brand Marconi, equipped with an electronic speed
variator, data register system and cone with 30° semi-angle and 3 mm
diameter. The penetration speedwas 10mmmin−1. The determination
of soil penetration resistance was processed in the samples with water
tension balanced at 10 kPa. The soil penetration resistance reading ob-
tained from the upper (3 mm) and the lower (3 mm) parts of the sam-
ples were disregarded, only taking into consideration the readings of
the 24 mm center of each sample.

In the 0.30 m deep pits, in the same layers (i, ii, and iii), disturbed
samples were collected. In the laboratory, these samples were dried in
shade until they reached the humidity corresponding to the friability
point. Next, they were sieved in a 9.52mmmesh sieve, breaking aggre-
gates larger than 9.52 mm in their weak plans. Later on, a part of the
sample was sieved in a 2 mm mesh sieve to determine particle size,
water dispersed clay (Gee and Or, 2002) and the soil organic carbon
through the Walkley–Black method. The remaining sample was used
to quantify the water stability of aggregates, adapted from the method
described byKemper and Chepil (1965), using the Yoder (1936) vertical
oscillationmachine. Each sample of air dried soil was homogenized and
then divided into four subsamples uniformly distributed aggregates.
Three of these were used for wet stability measurements and one for
water content assessment. Thus, the wet stability tests had three repli-
cates per plot depth.

In the Yodermachine, 50.00 g dryweight based sampleswere put on
a filter paper previously adapted to the upper sieve of a sieve set with
4.76; 2.0; 1.0; 0.25 and 0.105 mm meshes. The filter paper aimed to
avoid the material distribution to the sieves prior to the water satura-
tion. The sieve set was then regulated so that the water level reached
the lower part of the sample put in the largest diameter sieve and has
ensured sample wetting through capillarity. The sample was kept in
this position for 10 min. After this time, the filter paper was removed
and the sample sieving was carried out for 10 min, with the machine
regulated to carry out 36 vertical oscillations in a 0.035 m per minute
route. Following this procedure, the aggregates were distributed on
the sieves according to their stability and size. This material was trans-
ferred to aluminum capsules and dried in oven at 105 °C for a period
of 24 h and weighed in precision scales. After that, it was submersed
in 1 mol L−1 at 6% sodium hydroxide solution for one night. Next, the
materialwaswashed using the same sievewhere it had been generated,
and after drying in oven the inert material was obtained (gravel, sand,
roots, crop residues).

In order to calculate the water-stable aggregate percentage in
different size classes (C1 = 9.52–4.76 mm; C2 = 4.76–2.0 mm;
C3 = 2.0–1.0 mm; C4 = 1.0–0.25 mm; C5 = 0.25–0.105 mm and
C6 ≤ 0.105 mm), and the mean weight diameter (MWD) of the ag-
gregates, the expressions (1) and (2), respectively, were employed.
The aggregates were also separated into: aggregates larger than
2 mm (A N 2 mm); macro- (N0.25 mm) and microaggregates
(b0.25 mm), according to Tisdall and Oades (1982).

AGRi ¼ MAGRi−mið ÞXn

i¼1
MAGRi−mið Þ

2
4

3
5 � 100 ð1Þ

MWD ¼
Xn

i¼1
DMi MAGRi−mið ÞXn

i¼1
MAGRi−mið Þ

2
4

3
5 ð2Þ

where AGRi is the proportion of water stable aggregates in a specific
class (i), MAGRi is the aggregate mass plus class i inert material, mi is
the inert material mass (gravel, sand, roots, crop residues) in class i,
and DMi, is the mean diameter in class i (mm).

2.3. Statistical analysis

The effect of treatments on the properties under evaluation was an-
alyzed through the variance analysis and differences between treat-
ment means were considered statistically significant at p value b 0.05
using the Tukey test, separately, in each soil layer. The distribution of
water stable aggregates regarding the size classes was analyzed in rela-
tion to the sample standard deviation. The influence of plant root devel-
opment on the soil aggregation was analyzed through correlations
between the plant root density and the soil physical properties from
the layer between 0.07 and 0.17 m.

3. Results

In the 0.0 to 0.07 m and 0.25 to 0.28 m layers, the soil mechanical
chiseling did not affect the soil aggregation state and the soil organic
carbon content (Table 3 and Fig. 2). For other hand, in the 0.07 to
0.20 m layer (ii), normally the compacted soil layer in soil under NT,
the mechanical chiseling influenced the soil water-stable aggregates
and the soil aggregate size. In this layer, rupture of the soil aggregates
occurred, resulting in smaller sized aggregates and lower aggregate sta-
bility (Table 3). In the recently chiseled soil (C0), it can be observed that
the percentage of aggregates larger than 2 mm in the 0.07 to 0.17 m
layer, and the percentage of aggregates larger than 4.76 mm in 0.07 to
0.17m and 0.17 to 0.20m layers were significantly lower in comparison
with the soil in the continuous NT system (control treatment). Thus, it
can be stated that in the first crop after soil chiseling, the action of
shanks of chisel plow promoted reduction in the size and stability of
soil aggregates in the 0.07 to 0.20 m layer (ii), in clayey soil under NT
in humid subtropical climate region.

The negative effect of soil chiseling on the soil aggregation in the soil
subsurface layer, however, is only observed in the first crop after this
practice (C0), as indicated by the reduction in the percentage of aggre-
gates larger than 2 mm and larger than 4.76 mm (Table 3 and Fig. 2).



Table 3
Aggregates larger than 2 mm (A N 2 mm), macro- and microaggregates, mean weight di-
ameter of the aggregates (MWD), organic carbon (OC) and dispersed clay (DC) of a
Ferralic Nitisol (Rhodic) as a function of time the soil was kept under no till (NT), after
the mechanical chiseling operation.

Treatments A N 2 mm Macro Micro OC DC MWD

(%) (mm)

0.0–0.07 m
C0 44.81 ns 90.46 ns 9.54 ns 1.74 ns 34.23 ns 3.06 ns
C6 48.24 91.89 8.11 1.96 31.55 3.20
C12 47.22 92.04 8.00 1.94 31.03 3.02
C18 47.18 90.07 9.93 1.94 31.28 3.08
C24 44.39 87.04 12.96 1.85 31.31 3.24
Control 49.01 92.34 7.66 1.99 30.31 3.25
CV% 10.17 3.78 14.68 6.23 9.21 17.44

0.07–0.17 m
C0 42.01 b 87.93 ns 12.07 ns 1.29 ns 40.15 ns 2.86 ns
C6 48.78 a 92.45 7.55 1.32 38.74 3.02
C12 46.67 ab 92.06 7.94 1.24 45.42 3.04
C18 47.01 ab 90.82 9.18 1.27 39.30 2.88
C24 45.82 ab 90.57 9.43 1.26 37.80 2.83
Control 51.11 a 92.13 7.87 1.24 36.65 2.96
CV% 5.94 3.27 13.4 5.77 8.01 15.30

0.17–0.20 m
C0 43.46 ns 92.08 ns 7.92 ns 1.25 ns 41.58 ns 2.79 ns
C6 43.35 92.12 7.88 1.24 40.95 2.60
C12 47.27 87.19 12.81 1.17 42.76 2.78
C18 47.21 88.67 11.43 1.25 44.69 2.95
C24 44.35 90.37 9.63 1.24 42.03 2.85
Control 47.79 93.03 6.97 1.26 38.66 3.09
CV% 7.10 4.48 11.04 6.21 7.90 15.34

0.20–0.30 m
C0 36.69 ns 90.01 ns 9.99 ns 1.21 ns 41.59 ns 2.35 ns
C6 37.54 89.45 10.55 1.14 40.90 2.25
C12 36.46 86.93 13.07 1.13 44.50 2.08
C18 34.09 85.82 14.18 1.18 45.00 2.15
C24 33.62 85.85 14.15 1.21 43.75 2.08
Control 38.13 88.76 11.34 1.17 43.38 2.41
CV% 9.47 4.39 10.32 7.55 8.38 17.50

C24, continuousNT for 24months, after chiseling; C18, continuousNT for 18months, after
chiseling; C12, continuous NT for 12 months, after chiseling; C6, continuous NT for 6
months, after chiseling; C0, NT in newly chiseling soil; Control, continuous NT, without
chiseling. Average values followed by the same letter vertically, do not differ among them-
selves regarding the Tukey test (p b 0.05).

Fig. 2.Distribution of stable aggregates inwater regarding the size class of a Ferralic Nitisol
(Rhodic). C24, continuous NT for 24 months, after chiseling; C18, continuous NT for
18 months, after chiseling; C12, continuous NT for 12 months, after chiseling; C6, contin-
uous NT for 6 months, after chiseling; C0, NT in newly chiseling soil; Control, continuous
NT, without chiseling. Vertical bars represent the standard deviations.

152 M.R. Nunes et al. / Geoderma 259–260 (2015) 149–155
For the remaining variables under study (mean weight diameter, mac-
roaggregate, microaggregate, water dispersed clay and organic carbon
content), and the remaining treatments (C6, C12, C18 and C24), there
was no difference when compared to the soil under continuous NT
(control).

In the 0.07 and 0.17m layer, as expected, the soil mechanical chisel-
ing promoted the reduction in the soil resistance to penetration and soil
bulk density and an increase in the soilmacroporosity after thefirst crop
in the treatment C0 (Table 4). The better soil physical condition, in this
layer (ii), improved a deeper root development of corn plants. In the soil
subsurface layer, the root density of corn plants that developed in the
two first crops after soil chiseling (C0 and C6) was higher than that of
the plants that developed in the soil under continuous NT system (con-
trol) (Table 5). In this layer, there was significant correlation between
soil bulk density and corn plant root density (Fig. 3a), thus indicating
that the better soil physical condition allowed a higher root develop-
ment in the soil subsurface layer under NT.

The soil mechanical chiseling effect on the soil physical properties
and on the corn plant root development continued, respectively, for
only three (C0, C6, and C12) and two (C0 and C6) crops after the me-
chanical practice (Tables 4 and 5). In the treatments C18 and C24 the
positive effect resulting from the mechanical chiseling had already ex-
pired, confirming the short term effect of chiseling in clayey soils
under NT, in humid subtropical climate regions (Evans et al., 1996;
Nunes et al., 2014; Silva et al., 2014).

The aggregate wet stability results of the chiseled soils were not bet-
ter than those observed in the soil under continuous NT system (con-
trol), even in the first crop after the mechanical practice (C0, C6, C12),
whose root density was higher in comparison with the control treat-
ment (Tables 3, 4 and Fig. 2). The soil bulk density, a soil physical condi-
tion indicator, and plant root development, did not have significant
correlation with the soil aggregation parameters in the 0.07 to 0.17 m
layer (Fig. 3b, c, d and e).

4. Discussion

The soil chiseling not reduces the soil aggregate stability and the soil
aggregate size in the surface layer (0.0–0.07 m) in areas under NT sys-
tem. The organic matter accumulation (Table 3) and the cropping
after soil chiseling (Table 2) may have contributed to the not significant
soil disaggregation due to the mechanical soil chiseling observed in this
layer (Table 3 and Fig. 2). According to Guedes Filho et al. (2013), the
mechanical soil chiseling promoted reduction in size and stability of
soil aggregates in the layer 0 to 0.05 m in a Rhodic Hapludox under NT



Table 4
Physical properties of a Ferralic Nitisol (Rhodic) as a function of time the soil was kept un-
der no till (NT) after the mechanical chiseling operation.

Layer C24 C18 C12 C6 C0 Control CV (%)

(m) Soil macroporosity (m3 m−3)
0.00–0.07 0.18 a 0.18 a 0.23 a 0.19 a 0.20 a 0.20 a 26.28
0.07–0.17 0.10 ab 0.10 ab 0.14 ab 0.15 a 0.15 a 0.08 b 23.94
0.17–0.20 0.09 ab 0.06 b 0.09 ab 0.08 ab 0.12 a 0.06 b 30.30
0.25–0.28 0.07 a 0.05 a 0.05 a 0.07 a 0.06 a 0.06 b 25.43

Soil bulk density (g cm−3)
0.00–0.07 1.18 a 1.19 a 1.05 a 1.10 a 1.11 a 1.06 a 7.74
0.07–0.17 1.33 ab 1.34 ab 1.24 bc 1.22 c 1.20 c 1.41 a 3.12
0.17–0.20 1.35 a 1.40 a 1.35 a 1.34 a 1.33 a 1.43 a 4.61
0.25–0.28 1.35 a 1.35 a 1.35 a 1.28 a 1.34 a 1.36 a 4.15

Soil resistance to penetration (MPa)
0.00–0.07 1.07 a 1.04 a 0.92 a 0.97 a 1.06 a 0.97 a 36.50
0.07–0.17 2.84 ab 2.36 abc 1.89 abc 1.66 bc 1.21 c 3.12 a 28.39
0.17–0.20 2.99 b 3.16 ab 3.29 a 1.95 bc 1.46 c 3.24 a 20.98
0.25–0.28 2.81 a 3.19 a 2.65 a 2.31 a 2.36 a 2.65 a 10.05

C24, continuousNT for 24months, after chiseling; C18, continuousNT for 18months, after
chiseling; C12, continuous NT for 12 months, after chiseling; C6, continuous NT for 6
months, after chiseling; C0, NT in newly chiseling soil; Control, continuous NT, without
chiseling. Average values followed by the same letter horizontally, do not differ among
themselves regarding the Tukey test (p b 0.05).
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system. Nevertheless, it can be hypothesized that the shanks of chisel
plow can break the soil along the aggregate natural fracture lines, with-
out damaging its natural intra-aggregate structure. If this occurs, the soil
mechanical chiseling should not have great impact on the soil aggrega-
tion state. According to the results obtained in this study, this can
happen to the soil surface layer in areasmanaged underNT, and further-
more it could be related to the fact that the soil chiseling operation was
performed when the soil was in a friable state. According to Baver et al.
(1973), this situation favors a less impact on the soil structure by me-
chanical tillage.

Below thedepthof chiseling (0.25–0.28m) therewas as expected no
significant effect of chiseling on wet stability and on the soil aggregate
size, by soil chiseling, was observed, since the depth of action of shanks
of chisel plow was limited to 0.25 m.

In the compacted layer of soil under NT, normally located at around
0.07 to 0.20m, the negative effect ofmechanical chiseling on the soil ag-
gregate size already has beenmentioned (Colonego and Rosolem, 2008;
Guedes Filho et al., 2013). According to Guedes Filho et al. (2013), in the
first six months after soil chiseling in a Rhodic Hapludox under NT sys-
tem, there was reduction in the soil aggregate size in the layer 0.05 to
0.10m, due the action of shanks of chisel plow that promoted reduction
in the size of soil aggregates. Several studies have showed that mechan-
ical soil preparation has a negative effect on soil aggregation (Al-Kaisi
and Yin, 2005; Melero et al., 2011; Portella et al., 2012). In this kind of
soil management, the soil structure degradation occurs as a direct effect
of themechanical action of machines used in soil preparation, and as an
indirect effect of the soil organic carbon content reduction (Fabrizzi
Table 5
Root drymattermass of corn plants as a function of time the soil was kept under no till af-
ter the mechanical chiseling operation.

Layer C24 C18 C12 C6 C0 Control CV

(m) (kg m−3) (%)

0.00–0.07 4.287 a 4.311 a 3.662 a 3.882 a 4.262 a 3.580 a 8.19
0.07–0.17 0.710 c 0.710 c 0.830 bc 0.980 ab 1.120 a 0.700 c 7.92
0.17–0.20 0.210 a 0.230 a 0.250 a 0.220 a 0.270 a 0.200 a 30.38
Total 1.070 bc 1.100 b 1.040 bc 1.130 b 1.270 a 0.980 c 4.35

C24, continuous NT for 24 months after chiseling; C18, continuous NT for 18months after
chiseling; C12, continuous NT for 12 months after chiseling; C6, continuous NT for 6
months after chiseling; C0, NT in newly chiseling soil; Control, continuous NT without
chiseling. Average values followed by the same letter horizontally, do not differ among
themselves regarding the Tukey test (p b 0.05).
et al., 2009). According to Melero et al. (2011) themechanical practices
to mitigate soil compaction under NT promote decrease on soil organic
matter. However, in our study no decrease on soil organic carbon con-
tentwas observed due to the soil chiseling. Thus, the decrease in soil ag-
gregate size, in the 0.07 to 0.20 m layer (Table 3), was only due to the
effect of mechanical action of the shanks of chisel plow on the soil
structure.

The shanks of chisel plow, during the soil chiseling operation, are ex-
pected not to disturb the soil structure as in the preparation with plow
and harrow. The results obtained in this study, however, indicate that in
the soil compacted layer (0.07 to 0.20m), in areas under NT,mechanical
chiseling breaks the soil structure, disaggregating it. The hypothesis that
soil chiseling in NT decreases soil aggregate stability and soil aggregate
size, even if rejected for the surface soil layer, was confirmed for the 0.07
to 0.20 m layer. Colonego and Rosolem (2008) also observed that in a
clayey soil, the shanks of chisel plow disaggregating action was higher
in the subsurface layer in comparison with the surface layer, in areas
under NT.

Plant root development, favored in the 0.07 to 0.17 m layer due to
the soil chiseling operation, can be said to have promoted increase
in the size and stability of soil aggregates (Martins et al., 2009),
counteracting the negative effect of the shanks of chisel plow action ob-
served in the first crop after this practice had been carried out, improv-
ing the percentage of aggregates larger than 2 mm in this layer. The
positive effect of roots in the clayey soil aggregation statewas alsomen-
tioned by Garcia and Rosolem (2010), Guedes Filho et al. (2013) and
Silva et al. (2014). However, the effect of chiseling on soil physical prop-
erties and, consequently, on the corn plant root development, expired
after short term. The effect on root system is only observed in the first
crop after chiseling and only in the percentage of aggregates larger
than 2 mm, which became the same as the percentage of aggregates
larger than 2 mm observed in the soil under continuous NT, six months
after soil mechanical chiseling (C6) (Table 3 and Fig. 2).

According to our study, the effect of soil chiseling on soil physical im-
provement, in the 0.07 to 0.17 m layer, persists only in the first crops
after operation. This indicates that soil chiselingmight provide onlyme-
chanical effects, without representing effective improvement to the soil
structure. This can be stated considering that the soil aggregation condi-
tion after three crops the soil was chiseled and the soil under continuous
NTwas similar. Moreover, the soil bulk density, indicative of its physical
condition, and plant root development, did not have significant correla-
tionwith the soil aggregation parameters in this layer (Fig. 3b, c, d and e).

A root development increase restricted only to the first crops after
soil chiseling (Table 5) is not enough to promote soil carbon accumula-
tion and changes in the soil wet aggregation state under NT (Six et al.,
2002). According to Abdollahi et al. (2014), increase in soil organic car-
bon levels can only be observed in the long-term. Most of the studies
that point to improvement in the soil structure upon the use of covering
plants cropping are based on long-term experiments (Eynard et al.,
2004; Garcia et al., 2013; Silva et al., 2014). The carbon continuous
flow leads to the humification of organic compounds and associations
of carbonwith aggregates and soil particles, which is, therefore, respon-
sible for the formation of stable organic mineral complexes (Golchin
et al., 1994).

The results of this study revealed that soil mechanical chiseling, as a
technique to mitigate soil compaction in clayey soils under NT, provides
only short-term effects, without contributing with long lasting improve-
ment of the soil structure. The adoption of such a technique as a common
practice, in itself, might become an obstacle regarding the conduction of
NT as amanagement system, including thewhole of its principles: species
diversification via rotation, succession and intercropping; soil mobiliza-
tion only at the sowing line; reduction or suppression of the time interval
between the harvesting and the next sowing; and maintenance of crop
residues on the soil surface, among others (Derpsch et al., 2010). The NT
system conducted under the principles mentioned above can provide
sustainability to the productive agriculture systems, in the medium and



Fig. 3. Correlations: a) soil bulk density vs plant root development, b) soil bulk density vs mean weight diameter of the aggregates (MWD), c) soil bulk density vs aggregates larger than
2 mm, d) soil bulk density vs macroaggregates, e) root density of corn plant vs MWD, f) root density of corn plant vs macroaggregates, in the layer between 0.07 and 0.17 m of a Ferralic
Nitisol (Rhodic) under no till. ns is not significant and ** is significant to 0.01.
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long-term (Lal et al., 1999; Derpsch, 2004; Garcia et al., 2013)when com-
pared with soil submitted to intermittent mechanical chiseling (Derpsch
et al., 1986; Cavalieri et al., 2009; Franchini et al., 2012; Silva et al.,
2014). Besides that, there is also evidence that the soil chiseling makes
the soil more vulnerable to further compaction through the machinery
traffic (Hamza andAnderson, 2005), dependingon the subsequent cumu-
lative rainfall (Busscher et al., 2002; Silva et al., 2012).

5. Conclusions

Our results showed that: i) mechanical chiseling of clayey soil under
NT, in humid subtropical climate region, does not affect soil organic car-
bon content in the profile from 0 to 0.30m depth; ii) mechanical chisel-
ing of clayey soil under NT decreases the size and stability of soil
aggregates, in the layer 0.07 to 0.17 m, in the first six months after this
practice; iii) the positive effects promoted by soil mechanical chiseling
on soil physical attributes (penetration resistance, macroporosity and
bulk density) and root development (root density) expired three crops
after this operation; iv) root development in depth, intensified in the
first crops after mechanical chiseling, is not enough to promote improve-
ment in the soil aggregation state in the compacted sub-superficial soil
layer (0.07 to 0.17 m) in areas under NT; and v) mechanical chiseling of
clayey soil underNTdoes not promote effective and long lasting improve-
ments in the soil structure, in humid sub-tropical climate region.
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