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Abstract

Technological development has triggered a steady increase in Brazilian agricultural production, but also brought
problems due to the excessive land use. The lack of care with proper management practices has led to soil
physical degradation, mainly the formation of impermeable layers, which can lead to a reverse effect, a reduction
in crop yield. It can be potentiated in silage production and with the lack of cover crops. To minimize the
negative impacts of soil compaction, scarification is recommended, but its effectiveness has been questioned in
no-tillage system. Thus, an experimental field was implemented in Brazil in 2015-2016 season, to evaluate the
mechanical scarification on soybean production in succession to silage and grain corn intercropped with
Brachiaria (Urochloa ruziziensis) as well as the physical properties of the soil. The experimental layout was a
complete randomized block design with four replications. The plots were composed of second crop maize
(autumn) intercropped with brachiaria, in two systems: silage and dry grains. The subplots were composed of
three management system: no-tillage, reduced tillage cultivation with Terrus scarifier and Fox scarifier. Corn
harvesting systems as well the scarifiers use did not affect soybean production and its yield components. The use
of scarifiers reduced soil coverage, plant population, and soil penetration resistance. The data suggest that there
was no persistence in the benefits presented by scarification. Soybean was able to break through the compacted
layers, even above the critical level, corroborating with the hypothesis that the use of scarifiers does not bring
benefits in no-tillage system.
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1. Introduction

Currently, about 6% (64 million ha) of the Brasilian territory is destined to the production of grains, especially
soybean (Scolari, 2006), and the country has became the second largest producer of grains in the world. In the
2014/2015 harvest, production reached approximately 96 million tons (CONAB, 2015).

The increasing production growth and the technological evolution of the agricultural sector underwent major
transformations. Originally, conventional soil preparation practices cause excessive physical soil degradation, as
well as the formation of compacted layers, thus resulting in low agricultural productivity (Silva, 2007; Marahatta,
Sah, Mac Donald, Timilnisa, & Devkota, 2014). According to Debiasi, Levien, and Trein (2010), the formation
of compacted layers in the soil has been considered as the main factor responsible for the reduction of crop
productivity; since it changes the physical-water properties in the radicular environment. Compressing reduces
the availability of water and oxygen (Millington, Misiewicz, Dickin, White, & Godwin, 2016). It also increases
soil resistance, preventing root growth, which limits the depth and volume of the soil explored by the roots
(Cavalieri, Tormena, Vidigal Filho, Gongalves, & Costa, 2006). Among the physical attributes with potential for
the spatial detection of soil compaction, we have the evaluation of porosity, soil density and resistance to
penetration (RP).

Soil compaction at elevated levels is a difficult reversal process, especially in clay soils (Girardello et al., 2011).
There are many strategies for reducing soil compaction and for breaking-up compact layers. We can mention
consortiums between cultures, crop-livestock integration, and green manure.
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Cultivation systems, involving crops and forages, especially brachyria, represent an excellent alternative for
maize in a no-tillage system. This consortium drew attention to its potential benefits to the no-tillage system,
mainly because grasses have a more aggressive development, a high potential of phytometry production, with
high C/N ratio, guaranteeing soil cover for a longer time (Borghi, Crusciol, Costa, & Mateus, 2006). The
inclusion of forage in grain systems alters the physical and chemical properties of the soil, increases the presence
of straw and roots that contribute to the increase of soil carbon content and the stability of aggregates and
macroporosity (Seidel, Gerhard, Castangara, & Neres, 2014), leading to a higher infiltration of water in the soil
(Loss, Pereira, Giacomo, Perin, & Anjos, 2011).

Another option is soil scarification, which favors the root development of the plants, increases the surface
roughness, raises infiltration rate, increasing the water storage capacity in the soil, which in turn results in a
greater availability of water to the crops. It also results in increased macro porosity and decreased soil density
(Ferreras, Battista, Ausilio, & Pecorari, 2001; Camara & Klein, 2005).

Scarification, according to Camara (2004), is classified as a conservationist soil preparation by revolving it just a
little, breaking its points of resistance, thus leaving the maximum of residues on the surface, in addition to
increasing the structural stability and soil permeability, and reducing the risks of water erosion. However, the
efficiency of this practice in increasing soybean crop productivity has been contradictory. D. Secco, Ros, J. K.
Secco, and Fiorin (2005), in their research with scarifiers in soybean crops under the no-tillage system did not
observe a significant difference in productivity.

This work hypothesized that, in soil conservation systems, such as no-tillage system, there is a possibility of soil
recovery without mechanized interventions, even in compacted soils, and its objective was to evaluate the effect
of scarification after harvesting of autumn maize, both as dry grains and silages, on the percentage of soil cover,
soil physical properties and on soya production components in succession.

2. Method
2.1 Description of the Experimental Area and Experimental Design

The works were developed in the municipality of Quatro Pontes, in the latitude geographical coordinates
24°32'51.23" S and longitude coordinates 53°57'57.78"W, and average altitude of 412 meters.

The climate of the region is classified as Cfa, mesotherm subtropical humid according to Koppen’s climatic
classification, with hot summers with a tendency for rainfall concentration (average temperature higher than
22 °C), winters with infrequent frost (average temperature below 18 °C), without defined seasons. The average
annual rainfall is around 1,500 mm. The soil was classified as Eutrophric Red Latosol, with a very clayey texture
(Santos et al., 2006).

The experimental design was a randomized block design with four replications in a subdivided plot scheme. The
main plot consisted of second crop maize in consortium with Brachiaria ruzuziensis in two harvest systems:
silage and dry grains. The subplots were composed of three management system: no-tillage, reduced tillage
cultivation with Terrus scarifier and Fox scarifier. Each experimental unit was 5 m wide and 10 m long,
constituting an area of 50 m? per plot.

2.2 Management and Cropping Systems

The maize crop was mechanically sown. Morgan hybrid 30A37 was used at 0.70 m spacing with a population of
68,000 ha' plants. Sowing fertilization was performed with 330 kg ha' of the formulation 10-24-16
(N-P,05-K,0). When the maize was with 4-7 leaves, was applied in topdressing 100 kg ha™ of nitrogen on the
soil surface in the form of urea.

Scarification of the area was carried out one week after the maize harvest. The Terrus scarifier had 7 rods, with
rod spacing of 65 cm and working depth between 0.30 and 0.35 m. The Fox scarifier has 5 stems with a distance
between stems of 0.50 m and working depth between 0.18 and 0.26 m.

On September 16th, 2015 soybean was sown using a direct, no-tillage Tatu Ultra Flex seeder with 0.45m spacing
and equipped with a transverse fertilizer distributor. The area was fertilized with 372 kg ha™ of NPK in the
commercial formula 6-36-6, and 4 kg of potassium chloride in coverage. Harvesting was done manually, 129
days after sowing.

Thirty days after emergence, the plant population was evaluated by counting the number of plants over 8 meter
in the four central lines of each subplot. The vegetative cover was also evaluated using the tagged tread method.
In an extension of 11.5 meter, the track was extended diagonally to the subplot, and the points with uncovered
soil were counted in intervals of 0.10 meter, thus determining the percentage without soil coverage.
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To determine the components of soybean production, 10 plants were randomly collected per subplot. In order to
determine the height of the plants was used a measuring tape, taking the level of the ground to the last insertion
of trefoil as parameter. The number of pods and the number of grains per plants were determined by counting,
while the mass of one thousand grains was estimated by weighing eight subsamples of 100 grains per plot on a
precision scale. For the evaluation of crop yield, each plot was collected, discarding the borders, and the weight
determined on a scale with the results expressed in kg ha™.

2.3 Determination of Porosity, Soil Density and Soil Penetration Resistance

After the soybean harvest, undisturbed samples were collected through a metal cylinder (Kopecky ring) of
known internal volume at the depths of 0.0 to 0.05; 0.05 m to 0.1 and 0.1 to 0.15 meter. The set was weighed
after saturation of the samples for 24 hours and placed in a tension table (0.006 MPa) for determination of the
macroporosity. After, the samples were placed in aluminum cans, and dried in an oven with forced air circulation
at 105 °C until constant weight, for determination of microporosity, and soil bulk density.

In order to evaluate soil resistance to penetration, an impact penetrometer was used. The impact weight in free
fall reached 0.40 m. The impact results in dm™ were converted into impact on soil dynamic resistance (Mpa)
through equation of Stolf (1991): RP = 5.6 + 6.89 N, where: RP = Resistance to penetration in kgf cm™; N=
penetration in impact results in dm™. For conversion of RP in kgf cm™ to MPa, the result obtained in equation 1
was multiplied by constant 0.0981.

The results of the evaluated parameters were submitted to analysis of variance by the SISVAR computer
program, and the averages were submitted to the Tukey test for the comparison of multiple averages, at 5%.

3. Results and Discussion
3.1 Soil Cover, Production Components and Soybean Yield

Statistical analysis showed that there was an isolated significant effect (P < 0.05) for the studied factors, and
there was no effect for the interaction. The two corn harvest systems: silage and dry grains, promoted significant
differences in the percentage of soil coverage with straw. In the area where the corn intercropped with brachiaria
was intended for silage, the coverage of the soil with straw was 63%. On the other hand, in the area destined to
the production of dry grains, coverage of the soil with straw was 74%; an increase in soil coverage by 17%
(Table 1).

A lower coverage of the area destined to silage production was expected, because in the silage system it is
necessary to harvest the aerial part of the plant, so that the percentage of cultural remains that stay in the ground
is reduced. This reduction in coverage could be even lower if maize was not intercropped with brachiaria.

The two systems of corn intercropped with brachiaria for silage and dry grains did not influence the soybean
population, plant height, number of pods, grains per plant, the weight of a thousand grains or soybean yield in
succession. The yield of the soybean after intercropping of maize with brachiaria harvested as dry grains and
silage was 4,144 kg ha” and 3,624 kg ha™' respectively. There was a productivity difference of 490 kg ha™, but
they were statistically the same.

3.2 Physical Soil Properties

There was interaction between cropping systems and soil management systems for macroporosity; and an
isolated effect of scarification and no-tillage management for microporosity and total porosity at depth (Table 3).

At the depth of 0 to 0.05 m in the area where corn was harvested for silage or grains, there was a significant
difference (P < 0.05) for macroporosity.
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Table 1. Effect of the harvest system of the maize on the soybean’s production components

Plant population

. o .
Harvest system Soil coverage (%) (plants ha™) Plant height (cm)  Pods per plant
Silage 63b 316.898 ™ 79.60 ™ 3942

Dry grains 74a 310.893 79.36 45.96

LSD 4.70 10.971 3.52 6.76

Harvest system Grains per plant Z{S ight of 1.000 grains Yield (kg ha™)

Silage 92.62™ 171 3.624™

Dry grains 108.97 169 4.114

LSD 18.05 17.05 868.19

Note. Averages followed by distinct letters, in the same column, differ by the Tukey test (P < 0.05).

When the soil management systems were evaluated, there was statistical difference for percentage of soil
coverage and plant population. The highest soil coverage with straw was observed in the no-tillage system, with
79% of area covered. Meanwhile, in the treatments with scarifiers, the average coverage was 63%. There was a
reduction in soil cover by 16% (Table 2).

Table 2. Yield contributing characters of soybean as affected by no-tillage and reduced tillage cultivation

Plant population

Soil management Soil coverage (%) (plants ha™) Plant height (cm)  Pods per plant
No-tillage 79a 330,749 a 81.99 ™ 40.92 ™
Terrus scarifier 64 b 311,458 b 78.61 42.17

Fox scarifier 62b 299,479 b 77.85 4497

LSD 4.70 10,971 3.52 6.76

Soil management Grains per plant 2:; ight of 1.000 grains Yield (kg ha™)

No-tillage 94.56 ™ 179.11 ™ 4.000 ™

Terrus scarifier 100.51 164.98 3.711

Fox scarifier 107.31 165.68 3.896

LSD 18.05 17.05 868.19

Note. ns = not significant. Averages followed by distinct letters, in the same column, differ by the Tukey test (P
=.05).

According to Cruz et al. (2017), for the requirements of no-tillage to be met, the cultural remains must cover at
least 80% of the soil surface or maintain 6 t ha™ of dry matter; it should be noted that the evaluation conducted in
this experiment was performed 30 days after sowing.

When evaluating the management systems (no-tillage and reduced tillage cultivation with Fox and Terrus
scarifier), there was no significant effect of the management systems on plant height, number of pods per plant,
number of grains per plant and mass of one thousand grains. Nevertheless, there was an effect over the plant
population. No-till showed the largest population of plants with 330.749 plants per hectare, while the area in
which the scarifier was used had 311.458 plants per hectare. The reduction of the plant population in scarified
areas of 5.8%, probably associated with less contact between soil and seed during sowing; or due to variation in
soil temperature, which was more exposed to the incidence of solar rays, and consequently may have affected
soil moisture. This particular reduction in the plant population also allowed it to remain within the recommended
range of 300.000 plants ha'! (Garcia, Pipolo, Lopes, & Portugual, 2007); however, this did not affect soybean
yield.

The soybean yield was 3.869 kg ha™', 23% higher than the local average yield in the respective harvest (CONAB,
2016). The data demonstrated that the use of mechanical scarifiers, when compared to no-tillage did not alter
soybean productivity. This result can be corroborated by Girardello et al. (2014), who did not find an increase in
soybean yield due to mechanical scarification. The authors have justified this absence with the rustic
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characteristics of the soybean, under favorable climatic conditions. Contrariwise, Kunz et al. (2013), observed a
reduction in the soybean yield with the use of scarifiers when the physical-water conditions of the soil were less
favorable to the development of the plant.

The maintenance of crop residues on the soil it is essential for the maintenance of the no-tillage system in
tropical regions. This practice allows an accumulation of organic matter on the soil surface, protecting the soil
from erosive agents. The soil organic carbon is considered a key property in soil quality because it influences
soil biota dynamics and acts on many soil physical and chemical functions (Albuquerque et al., 2005; Cherubin
et al., 2016).

Temperate regions are more susceptible to temporal variations (Bottineli et al., 2017) but tropical ones, are very
sensitive to the maintenance of organic matter in the system. In the superficial layer, where the straw is
invariably concentrated and the machines operate, it tends to have a greater macroporosity, and the reverse
occurs in depth, where the tire pressure and the weight of the machines result in compaction or densification over
time (Secco et al., 2005). This problem is aggravated in silage production due to the non-deposition of straw on
the surface, which serves as a buffer for the action of agricultural machinery besides promoting the biological
activity of the soil.

In corn harvested for silage there was no effect between the use of scarifiers and no-tillage; however, in corn
harvested for grain, higher macroporosity (0.082 m® m™) was observed when the Terrus scarifier was used (Table
3). When we analyzed the management systems, greater macroporosity was observed when the corn was
harvested as grains and when it was managed with the Terrus scarifier, and there was no difference between
no-tillage and Fox scarifier. Differential behavior was observed in the depth of 0.05 to 0.10 m, in the area where
corn was harvested for silage. The use of the Terrus scarifier promoted greater macroporosity and total porosity
in relation to the other soil management; this is explained because this scarifier has winged tips, and allowed
greater soil movement (Table 2).

The use of furrow stems can increase the roughness, decrease the density, increase the porosity and break the
compacted layers of the soil in direct sowing, without totally compromising the system, since it does not revolve
the soil and allow the straw to remain on the soil surface. This would lead to an improvement in the direct
seeding system by increasing soil water infiltration and aeration, allowing adequate root growth in depth. In this
way, positive results can be achieved with the use of furrow stems (Camera & Klein, 2005; Bavoso, Giarola,
Tormena, & Pauletti., 2010; Melo, Nobrega, Gnoatto, Marchetti, & Lenz, 2014), justifying the results obtained
with the Terrus scarifier, possibly more pronounced under conditions of greater compaction, as a function of
silage production. However, in the same way, many studies have shown that the use of furrow stems does not
present results that would justify its use. This would be because its effects would not be persistent, occurring the
reconsolidation of the soil in a few months and leading to small gains or even losses of production (Secco et al.,
2005; Reichert, Kaiser, Reinert, & Riquelme, 2009a; Debiasi et al., 2009), which would also justify the results
presented by the Fox scarifier.

There was difference (P < 0.05) to soil resistance penetration. When the corn was harvested for silage the soil
penetration resistance was higher until 0.12 meter; because in this system the traffic of machines is higher. The
soil penetration resistance evaluated was higher than 3.0 Mpa, and it was considered a value above the critical
level of 2.27 Mpa (Beutler, N. A. Centurion, J. F. Centurion, & Silva, 2006; Freddi, Centurion, Duarte, & Leonel,
2009).
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Table 3. Physical properties of soil after cultivation intercropped corn crop with silage and dry grains and

soybean
. Macroporosity Microporosity Total Porosity Density
Soil Management - - p - - : : .
Silage Grains Silage  Grains Silage Grains Silage  Grains
M M s Mg -
0-0.05 m
SPD 0.049Ba 0.056Ab 0.45™  0.46™ 0.499™  0.516™ 1.41" 1.31"
Fox 0.053Aa 0.046Ab 0.44 0.47 0.496 0.516 1.40 1.40
Terrus 0.062Ba 0.082Aa 0.46 0.46 0.521 0.542 1.40 1.34
CV (%) 14.47 24.64 7.42 5.98 8.22 9.59 5.66 8.14
0.05-01m
SPD 0.025 Ab 0.029Aa 0.44™  0.45™ 0.465™  0.479ns 1.51" 1.51"
Fox 0.024 Bb 0.036Aa 0.43 0.45 0.454 0.486 1.50 1.50
Terrus 0.037Aa 0.027Ba 0.46 0.46 0.497 0.487 1.49 1.47
CV (%) 17.82 12.16 5.32 4.88 5.56 4.79 5.92 3.66
01-015m
SPD 0.032" 0.030™ 0.45™  0.44b 0.482"™  0.470b 1.49™ 1.55™
Fox 0.025 0.031 0.45 0.43b 0.475 0.461b 1.51 1.40
Terrus 0.029 0.027 0.45 0.47a 0.479 0.497a 1.52 1.43
CV% 13.12 14.49 3.61 5.63 2.68 4.87 5.23 4.06

Note. Averages followed by lower case letters in the column and upper case in the row in each layer, do not differ
by Tukey test (P < 0.05). CV = Coefficient of Variation.

however, it did not reduce soybean productivity (Figure 1a) demonstrating that soybean roots were capable of
breaking up compacted layers. These results corroborate those presented by Secco et al. (2005), Reichert et al.
(2009a) and Debiasi et al. (2010), demonstrating that the effects caused by furrow rods were ephemeral.

In the mechanical management of the soil (Figure 1b), there was a statistical difference between the soil
management systems. Higher soil resistance penetration (4.0 MPa) was observed in the no-tillage, at depth of
0.10 to 0.20 m, and there was no significant difference for the management with the Fox and Terrus scarifiers.

This result was also expected, because in the no-tillage there is no stirring of the soil and are the main concern
about the non-tillage system.
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Figure 1. Soil resistance to penetration, in the depth of 0 to 0.40 m, in no-tillage, and reduced
cultivation with scarifier

Penetration resistance values greater than 2 MPa, with different variation between different textural classes, are
considered limiting to the root development of cultures (Silva, Tormena, Junior, Imhoff, & Klein, 2016; Reichert,
Suzuki, Reinert, Horn, & Hakansson, 2009b). Freddi et al. (2009) observed a positive correlation between depth
and soil compaction, manifested in both soil density, maroporosity and resistance to penetration. In this sense,
Freddi et al. (2009) observed that different levels of compaction interfered in the grain yield of the hybrids after a
resistance of 2.15 MPa. Rosset (2015) observed RP of 2.09 MPa for no-till systems with 22 years of implantation.
This evidences the presence of compacted layers in subsurface, which can cause development impediment to the
root system of the cultures, with consequent restriction in the production in prolonged water stresses. However,
the joint evaluation of different works indicates that, in soils under no-tillage system (SPD), the critical value
seems to be higher (Reichert et al., 2009b). Although the critical limit may be greater than the theoretical limit, it
is evident that soil compaction has been the most challenging problem currently encountered in commercial
crops in the direct crop management system.

Voorthees, Johnson, Randall, and Nelson (1989) studied compacted soils on the surface and subsoil and found
that compaction interfered in maize crop production, but this variation was related to the variation of climatic
conditions, indicating that in some conditions, higher soil density may not be detrimental to culture. Different
root systems have different actions on the soil. Mottin (2016) found that treatments with grasses (oats and
brachiaria) allowed a lower penetration resistance compared to treatments with legumes (lupine and pea) up to a
depth of 20 cm. The results showed that an increase in the production of organic material influences RP.
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The management of corn for silage and the use of scarifiers did not influence the components of soy production.
The use of scarifiers decreased soil cover and the population of soybean crop plants. Even though the use of
scarifiers has influenced soil porosity and resistance to penetration, this did not translate into yield gains for
soybean cultivation, which allows saying that soybean was able to break down the compacted soil layer even
above the values considered critical by literature. It can be inferred that the critical values pointed out by the
older works may be overestimated for the no-tillage system.
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