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AGRONOMY (AGRONOMIA)

ABSTRACT: The aim of this study was to evaluate the physical attributes and the silage production of a soil submitted to chiseling 
under an integrated crop-livestock system (ICLS) for nine years. The experiment was performed with clayey Ferralsol with three 
treatments (no-tillage, no-tillage with chiseling every other year, and conventional tillage) and three blocks. Corn was grown for 
silage in the summer, and ryegrass for pasture in the winter. The sampled soil layers each year were: 0.00-0.05 m; 0.05-0.10 
m; 0.10-0.20 m; and 0.20-0.30 m, in order to determine total organic carbon, particle density, texture, porosity, bulk density and 
resistance to penetration. Compaction was evaluated by the relative density and the structure by the structural index. Dry matter 
corn silage yield and ryegrass forage were determined. Chiseling did not provide higher silage yield compared to other treatments. 
However, chiseling provided improvements in the physical attributes of the Ferralsol conducted over nine years on ICLS with the 
physical attributes of the soil detected 12 months after chiseling management.
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Produção de silagem, teor de carbono orgânico e atributos físicos
de Latossolo escarificado sob integração lavoura-pecuária

RESUMO: O objetivo do estudo foi avaliar os atributos físicos e a produção de silagem de um solo conduzido há nove anos 
com escarificação sob sistema integrado de produção agropecuária (SIPA). O experimento foi realizado em um Latossolo 
Bruno distrófico típico argiloso com três tratamentos (plantio direto; plantio direto com escarificação a cada dois anos e preparo 
convencional) e três blocos. No verão era cultivado milho para a produção de silagem e no inverno era semeado azevém 
para pastejo. Aos noves anos da implantação foram amostradas as camadas: 0,00-0,05; 0,05-0,10; 0,10-0,20 e 0,20-0,30 m, 
para a determinação de carbono orgânico total, densidade de partículas, textura, porosidade, densidade do solo e resistência 
à penetração. A compactação foi avaliada pela densidade relativa e a estrutura pelo índice estrutural. Foram determinadas 
as produtividades de silagem de milho e a oferta de forragem do azevém. Embora a escarificação não tenha proporcionado 
aumento na produtividade de silagem de milho, comparada aos demais tratamentos, proporcionou melhorias nos atributos 
físicos do Latossolo Bruno conduzido por nove anos em SIPA, efeito detectado 12 meses após o manejo. 

Palavras-chave: preparo convencional; sistemas integrados de produção agropecuária; plantio direto; qualidade física do solo
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Introduction
Integrated crop-livestock systems (ICLS) have been 

highlighted in the scenario of modern Brazilian agriculture, 
since they provide low economic risk economic to farmers 
(Moraes et al., 2014a). In addition, there are many benefits 
of ICLS to the soil such as carbon input (Costa et al., 2015; 
Piano et al., 2015), soil structure improvement (Piano et al., 
2015) and potential productivity gains (Moraes et al., 2014a). 
Thus, ICLS is almost exclusively adopted by the producers in 
the Campos Gerais-Paraná-Brazil region (Santos et al., 2018b). 
In this region, ryegrass (Lolium multiflorum Lam.) is cultivated 
and grazed during the winter and corn (Zea mays L.) is grown 
in the summer for silage yield (Santos et al., 2018b). The crops 
are usually cultivated under a no-tillage system, which is the 
most used in the region (Moraes et al., 2014a; Santos et al., 
2018b). 

We know of the advantages that a no-tillage system brings 
to soils (Kunz et al., 2013). However, due to the absence of 
tillage, it is possible that no-tillage can cause some damage to 
soil physical attributes (Lozano et al., 2016), especially if it is 
associated with animal trampling and under crop succession. 
Trampling is reported as one of the main compaction agents 
of soils when performed in inadequate conditions (Kunz et al., 
2013). 

Therefore, in order to avoid the compaction that no-
tillage causes on the soil and to continue using the ICLS, 
some farmers adopt a conventional tillage system. This 
system revolves (tills) the soil and disaggregates its structure, 
thereby facilitating root system development of the plants in 
the first 0.20 m of depth. A disadvantage is compacting the 
layer below the working depth of agricultural equipment, as 
well as promoting soil carbon and nutrient losses through 
erosion. Thus, an intermediary to no-tillage and conventional 
tillage systems is the periodic chiseling of soils under no-
tillage (Lozano et al., 2016). This preparation has the potential 
to break any compacted layers resulting from no-tillage, but 
does not till the soil, favoring its structure and porosity over 
time (Drescher et al., 2016; Calonego et al., 2017). 

Chiseling has been used in soils under crop use (Allmaras 
et al., 1977; Moraes et al., 2014b; Drescher et al., 2016; 
Calonego et al., 2017), with beneficial results to the soil 
physical attributes (Allmaras et al., 1977; Calonego et al., 
2017), but few studies have been performed with soils under 
ICLS that evaluate the effect of chiseling on physical attributes. 
Drescher et al. (2016) concluded that the effect of chiseling on 
bulk density and macroporosity was ephemeral and inferior 
to an agricultural crop (about six months) in Rhodic Ferrasol 
under crop rotation. However, the authors observed that the 
effect of chiseling on the hydraulic conductivity, transport 
and water retention of that soil could be detected for up to 
two years. Calonego et al. (2017) also observed that chiseling 
improved the physical attributes of a Nitosol under crop 
rotation.

According to Calonego et al. (2017) and Reichert et al. 
(2017), the need to chisel soils under no-tillage is debatable, 

because when the soils are managed with a great diversity of 
plants in both cultivation crop use and in ICLS, the soils do 
not present limiting conditions to vegetal development. Thus, 
in ICLS in which there are successions of two plant species in 
the crops, the idea that no-tillage would maintain favorable 
conditions to plant development may not be valid, since there 
is no plant diversity. In addition, there is animal trampling, in 
which case chiseling could improve the physical attributes of 
the soil for plant growth and development.

The hypothesis of this work was that the periodic chiseling 
of the soil on ICLS may promote an increase in silage yield by 
improving the carbon organic content and physical attributes 
of the soil. Therefore, the objective of this work was to evaluate 
the silage yield, carbon organic content and physical attributes 
in a soil under different tillage systems in an integrated crop-
livestock system conducted over nine years.

Materials and Methods
The data are provided from an experiment started in March 

2005, and the results presented in this study correspond to an 
evaluation in May 2014, nine years after the beginning of the 
experiment. The studied soil is a Humic Ferralsol, “Latossolo 
Bruno Distrófico típico” (Santos et al., 2018a) with clayey 
texture (Table 1), located in the municipality of Castro-PR-
Brazil (24°47′53′′S; 49°57′42′′W, 996 m altitude). The climate 
is Cfb temperate humid with frost occurring in winter. The 
average maximum temperature during the year is 25ºC, and 
the average minimum is 5ºC (Alvares et al., 2013). 

The soil of the area was under native vegetation until the 
year 1960; from that date a conversion occurred to cultivation 
with the planting of wheat (Triticum sativum L.) in the winter 
crop and soybean (Glycine max [L.] Merril) in the summer 
crop. The wheat-soybean succession occurred in the area 
under conventional tillage (a plowing and two harrowings in 
the 0.00-0.20 m layer) until March 2005, when the experiment 
started. In March 2005 the soil was tilled up to approximately 
0.20 m to eliminate the crop residues of the previous harvests. 
At this time, 5,360 kg ha-1 of dolomitic limestone was applied 
to the soil and 8,360 kg ha-1 was then reapplied in March 2009 
as indicated by chemical analysis. From the beginning of the 
experiment there was crop succession with annual ryegrass for 
pasture during winter season and corn silage in the summer.

The experiment was a randomized complete block design 
with three treatments repeated and three blocks. The 
treatments were soil tillage systems on ICLS: no-tillage; no-
tillage with chiseling every other year and conventional tillage. 
Each plot occupied an area of 100 m2 (10 × 10 m). In the no-
tillage treatment, the soil was not revolved, but seedling rows 
for seed deposition; in the no-tillage with chiseling treatment, 
the soil was maintained without any tilling, but mechanical 
chiseling was carried out to the depth of 0.30 m every other 
year with 0.60 m spacing between the chisel-type rods. The 
chiseling occurred in the years 2007, 2009, 2011 and 2013, 
before ryegrass planting. In the third treatment, the soil was 
conventional tillage with a disc plow in the depth up to 0.20 
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m and two harrows with leveling grades up to 0.10 m depth 
were applied before planting each crop.

Crop planting occurred annually in May (ryegrass pasture) 
and in October (corn silage). The ryegrass seeding rate was 60 
kg ha-1 sown at a depth of 0.03 m and 0.17 m row spacing. For 
corn, 20 kg ha-1 of seeds sown at a depth of 0.03 m and 0.80 
m row spacing. A no-tillage seeder was used for both crops. 
The ryegrass cultivar used in 2013 was FABC 1, and the corn 
hybrid P30R50 in the 2013/14 crop. At ryegrass planting time, 
200 kg ha-1 of fertilizer 10-20-10 (N-P2O5-K2O) was applied 
and 120 kg ha-1 urea covering and 36 kg ha-1 potassium 
(potassium chloride - KCl) in the tillering phase of the crop. 
The corn received 165 kg ha-1 of N (ureia souce), with the first 
part of planting time with 40 kg ha-1 of the 15-30-0 fertilizer 
(N-P2O5-K2O) formulation, and the remainder applied at the 
V4 crop stage with 25-00-25 fertilizer. At the planting time, 
80 kg ha-1 of P2O5 and 125 kg ha-1 of K2O were applied to the 
sowing line. Weeds were controlled by nicosulforon, a post-
emergent herbicide (600 g ha-1) at the V3 crop stage. The corn 
was harvested for silage at the beginning of the flowering 
in February. The ryegrass was grazed during in winter when 
plants reached 0.30 m height for Dutch dairy cattle (1350 kg 
ha-1 stock). The cows remained in the plots for about seven 
days or until the ryegrass residue reached a height of less than 
0.10 m. Cattle returned to graze when ryegrass reached again 
a height of 0.30 m. The ryegrass residue was sprayed with 
Glyphosate (1,200 g ha-1) before planting the corn. The corn 
succession for silage and ryegrass pasture happened from 
May 2005 until May 2014 when the trial finished.

After the corn harvest in May 2014, the soil was sampled in 
layers of 0.00-0.05 m; 0.05-0.10 m; 0.10-0.20 m and 0.20-0.30 
m, where three undisturbed and disturbed soil samples were 
collected per plot in each layer. The undisturbed samples were 
collected in volumetric metal cylinders (0.05 m high × 0.045 
m wide) in the corn sowing row at three points of the plot 
area. The soil surplus of the cylinder comprised the disturbed 
soil samples, totaling 108 samples. It is worth mentioning that 

the data presented correspond to the soil sampling in 2014, 
twelve months after the last chiseling occurred in 2013; and 
six months after the conventional tillage that occurred before 
sowing of each crop. 

The soil texture was determined by the Bouyoucus 
densimeter method and the particle density (ρP) by the 
modified volumetric flask method (Table 1). The total organic 
carbon content (TOC) was determined by the Walkley-Black 
method (Walkley & Black, 1934).

The undisturbed samples were prepared in the laboratory 
and saturated with water, raising a water slide in 2/3 of the 
cylinder height for 36 hours; the wet mass was measured 
after saturation, and then submitted to the potential of -100 
hPa in Richards chamber (Richards, 1965). The wet mass of 
the samples was again measured after reaching hydraulic 
equilibrium at the potential, and the samples were subjected 
to the penetration resistance (PR) test using a bench-top 
penetrometer with a 4-mm diameter cone tip, angle of 60 ° 
to a velocity of 0.001 m s-1. Obtaining the mean PR data from 
each sample followed the procedures described in Tormena 
et al. (1998). After determining PR, the samples were dried in 
a forced air circulation oven for 36 h at 105 °C. Bulk density 
(ρB) was obtained from the ratio of the dry soil mass (kg) by 
volume of the metal cylinder (dm3). Total porosity (TP) was 
obtained from the water volume ratio saturated by the volume 
of the metal cylinder, the microporosity (MI) was equivalent 
to the soil water volume after the hydraulic equilibrium at the 
pressure of -100 hPa and macroporosity (MA) through the 
difference between TP and MI.

Using the texture and TOC data, the maximum soil density 
(ρM) was estimated by the pedotransfer function proposed 
by Marcolin & Klein (2011), in which: ρM = 2.03133855 - 
0.00320878*(TOC*1.724) - 0.00076508*Clay. Then using the 
ρM data, the soil relative density (ρR) could be estimated by the 
formula ρR = ρB/ρM .

Soil structure was evaluated by the soil structural index 
(SI) as proposed by Reynolds et al. (2009): SI = [(TOC*1.724)/

Table 1. Textural composition and particle density (ρP) of the Ferralsol under crop-livestock integration, with different soil tillage.

1 The classification of Coarse Sand and Fine Sand according to the Brazilian Soil Science Society (SBCS), in which Coarse Sand: 2-0.2 mm and Fine Sand = 0.2-0.053 mm.



Silage yield, organic carbon content and physical attributes of a chiseled Ferralsol under an integrated crop-livestock system

Rev. Bras. Cienc. Agrar., Recife, v.14, n.3, e6710, 2019 4/9

(Clay+Silt)]*100; in which the TOC is in g dm-3, and the clay and 
silt in g kg-1.

The available water content (AW), which equals the 
difference between the water content in the field capacity and 
the permanent wilting point, respectively associated with the 
potential values of -100 and -15000 hPa, was given by the soil 
water retention curve (SWRC) estimated for each undisturbed 
sample using the SPLINTEX pedotransfer function proposed 
by Prevedello & Loyola (2002) and validated by Silva et al. 
(2017). The SPLINTEX pedofunction estimates the parameters 
θR, α, n and m (Table 2) of the van Genuchten (1980) equation, 
from the texture data (clay, silt, coarse sand and fine sand), ρP, 
ρB and a measured moisture value, in this case the moisture to 
the pressure of -100 hPa, considered by Silva et al. (2017) as 
the value that obtains the best estimates of the parameters.

The average yield of each treatment was obtained from 
the dry matter mass of corn and ryegrass harvested in the 
useful area of each plot. In the case of corn, the production 
of silage and ryegrass was considered to be the forage supply 
before cattle grazing.

TOC, ρB, ρR, MA, MI, TP, WA, SI, and crop yield data were 
submitted to the Shapiro-Wilk normality test and analysis of 
variance, and the means were compared by the Duncan test 
when they were significant by the F-test (p<0.05).

Results and Discussion
The treatments promoted differences in TOC content, 

and the chiseling presented the highest TOC content in 
relation to no-tillage in all the evaluated layers. No-tillage and 
Conventional tillage had the same statistical TOC values in the 
0.00-0.05 and 0.20-0.30 m layers, but lower than chiseling 
(Table 3). The TOC was higher in the Conventional tillage in 
relation to No-tillage in the 0.05-0.10 and 0.10-0.20 m layers, 
probably due to the rotation that incorporates vegetal material 
to depth of work (0.20 m). The lower TOC content in the 

surface layer under no-tillage contrasts with what has been 
reported in the literature, in which the highest TOC values are 
determined in topsoil layers under no-tillage (Piva et al., 2012; 
Olson et al., 2016). Olson et al. (2016) verified a higher TOC 
content in the no-tillage treatment in the A horizon of a clay-
silty soil conducted under crop succession (soybean-corn) in 
a no-tillage system, no-tillage with chiseling and conventional 
tillage in the United States. The authors attributed the results 
to plant materials with different compositions. However, the 
plant material present in the soil studied herein consisted 
exclusively of grasses with slower degradation, which may 
have influenced the results.

The benefit of chiseling in increasing TOC content in relation 
to no-tillage is attributed to incorporating plant material into 
the soil every other year, four times in nine years of study. 
This plant material is generally coarser than plant material 
incorporated in the conventional tillage, which favors the slow 
and gradual decomposition of the residue incorporated by the 
chiseling (Olson et al., 2016; Seben Junior et al., 2016). Chiseling 
does not fully expose the compost/residue to microorganism 
action and oxygen which accelerates the degradation process, 
and which usually occurs in conventional tillage, favoring the 
results observed in this treatment in the 0.00-0.05 m layer. 
Another characteristic of chiseling is to break up the topsoil 
layer, facilitating root development at depth (Colussi et al., 
2014). As is known, the roots are the main sources of TOC in 
depth (Shahbaz et al., 2017). On the other hand, there was 
greater immobilization and preservation of the residue in 
no-tillage, and consequently lower decomposition and TOC 
release. Moreover, the management did not favor root growth 
in depth, which provided a lower content in this layer.

Incorporating more fragmented plant residues in tillage 
systems that revolve the soil favored an increase of TOC 
in deeper layers (Shahbaz et al., 2017). Tilling also favors 
increased air and water flow in depth, promoting the growth 
of more roots (Shahbaz et al., 2017). These findings are in 

qS = volumetric water content (m3 m-3); qR = residual water content (m3 m−3); α = empirical parameter which is often referred to as the inverse of the air entry point (hPa); n = the soil 
water characteristic curve index (shape parameter of the curve); m = 1 - 1/n.

Table 2. Mean of the fit parameters of the van Genuchten (1980) equation estimated by the SPLINTEX pedotransfer function.
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agreement with the results obtained in the 0.05-0.10 and 
0.10-0.20 m layers in the chiseling and conventional tillage 
treatments. The tillage effect on increasing TOC in depth is 
evident in the 0.20-0.30 m layer, since the TOC levels in the 
no-tillage and conventional tillage treatments were similar.

The increase in TOC has a direct influence on the physical 
attributes of the soil. In soils of the southern region of Brazil, 
TOC levels of 15-30 g dm-3 are considered good soil quality 
indicators (CQFS-RS/SC, 2004; Nascimento et al., 2018). The 
TOC content between 15-50 g dm-3 are indicative of soil with 
excellent physical quality (Reynolds et al., 2009; Nascimento 
et al., 2018). In this context, the results indicated that all the 
treatments presented optimal soil physical quality at all depths 
studied. According to Costa et al. (2015), ICLS systems may 
present higher TOC levels in relation to agricultural systems 
because forages produce large amounts of biomass and root 
volume. The authors emphasize that the presence of animal 
waste also favors TOC supply.

The no-tillage treatment presented the highest ρB in the 
0.00-0.05 and 0.05-0.10 m layers in relation to the Chiseling 
and Conventional tillage treatments, most likely due to the 
reduction (although not significant) of the total porosity and 
the structural index in conjunction with the TOC contribution 
in structuring the soil, directly affecting ρB (Table 2). According 
to Drescher et al. (2016) and Reichert et al. (2017) high ρB in 
no-tillage systems is due to soil restructuring which occurs due 
to the natural arrangement of the particles and the wetting 
and drying cycles of the soil. The chiseling effect on reducing 

the ρB of the Ferralsol could be detected after twelve months 
of its implementation in the 0.00-0.05 m and 0.05-0.10 m 
layers. According to Rosa et al. (2008), the effect of chiseling 
on the physical attributes of the soil is more evident in the 
topsoil layers, decreasing with the increase in time since the 
treatment. The authors concluded that the effect of chiseling 
on the physical attributes of a Rhodic Ferralsol under crop use 
lasted for up to four years. Moreover, Drescher et al. (2016) 
stated that the chiseling effect was detected for up to two and 
a half years in a Rhodic Ferralsol under crop use.

Several authors have reported the ephemeral effect of 
chiseling on soil physical attributes. Rosa et al. (2008) detected 
the effects for up to four years in a clayey Rhodic Ferralsol 
with crop succession. Drescher et al. (2016) observed effects 
two and a half years after management in a clayey Ferralsol 
conducted under crop rotation. Colussi et al. (2014) observed 
that chiseling of a very clayey Nitosol could be detected after 
nine months. Reichert et al. (2017) reported that the effects on 
a medium-textured Red-Yellow Acrisols under crop succession 
were no longer detected after nine months of management. 

Chiseling has an immediate effect on improving the 
physical quality of the soil (Drescher et al., 2016; Calonego et 
al., 2017). However, this effect does not last for more than one 
year (Colussi et al., 2014; Calonego et al., 2017; Reichert et al., 
2017). From this period on the improvement of the physical 
quality is attributed to the coverage plants maintained in 
the soil resulting from the no-tillage system (Calonego et al., 
2017). In this experiment the determinations occurred one 

Table 3. Mean values of total organic carbon (TOC); soil bulk density (ρB); relative soil bulk density (ρR); macroporosity (MA); 
microporosity (MI), total porosity (TP); water available (WA) and structural index (SI) of a Ferralsol under crop-livestock 
integration, with different soil tillage.

ns, no significant difference. Means followed by equal letters do not differ by the Duncan test at 5% probability. CV = coefficient of variation.
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year after the chiseling, showing benefits of this management 
in improving the physical attributes of the soil. The succession 
of ryegrass crops under continuous no-tillage did not have a 
similar effect to chiseling in improving the physical quality of 
the Rhodic Ferralsol. The result is explained by the absence in 
diversity of root systems in the soil, since the species used in 
this work are grasses. It is known that grasses have a primordial 
effect on soil structuring due to improved aggregation (Seben 
Júnior et al., 2016). However, diversified cover crops must be 
adopted to improve the soil physical quality; in this context 
legume insertion could improve the structural quality of the 
soil under no-tillage because their root system favors forming 
macropores (Seben Junior et al., 2016; Calonego et al., 2017; 
Reichert et al., 2017). Crop diversification is necessary for 
chiseling to be an effective management of the area. 

High ρB values are common in soils under no-tillage in 
ICLS systems. The high ρB values in this experiment can be 
attributed to the action of machine traffic, animal trampling 
and the absence of crop rotation. Drescher et al. (2016) 
observed a higher ρB value in a clayey Rhodic Ferralsol under 
crop use in no-tillage treatment conducted 16 years ago in 
relation to the chiseling system every two and a half years, 
both using crop rotation management systems of: wheat, 
soybean, vetch (Vicia sativa L.), corn, white oats (Avena 
sativa L.) and soybeans. However, according to Reichert et 
al. (2017) only the ρB value does not allow to infer that the 
adopted management causes soil compaction. Thus, other 
more sensitive attributes to compaction should be taken into 
account in order to evaluate the impacts of the management 
system on the physical quality of the soil, such as hydraulic 
conductivity (Allmaras et al., 1977; Drescher et al., 2016), 
aggregation (Calonego et al., 2017), penetration resistance 
(Drescher et al., 2016; Colussi et al., 2014; Reichert et al., 
2017) and the compaction degree (Rossetti and Centurion, 
2015; Drescher et al., 2016; Sá et al., 2016).

There was an effect of the treatments in altering the ρR 
of the studied soil, which evaluates the soil compaction 
degree (Rossetti & Centurion, 2015; Drescher et al., 2016; Sá 
et al., 2016). The ρR determined under the conditions of this 
experiment is above the 0.80 limit considered critical for most 
crops (Beutler at al., 2005; Sá et al., 2016). However, in no-
tillage systems the ρR value considered as critical can be up to 
0.90 due to the structural conditions that this system imposes 
on the soil (Rossetti & Centurion, 2015). Rossetti & Centurion 
(2015) evaluated the corn yield in a medium-textured Rhodic 
Ferralsol in no-tillage systems with different implantation 
times and observed ρR values > 0.87, where the authors 
did not observe a reduction in crop yield. In addition, Sá et 
al. (2016) concluded that ρR > 0.88 limited the root growth 
of mechanized sugarcane (Saccharum officinarum) in a very 
clayey acric Rhodic Ferralsol under no-tillage. Furthermore, ρR 
values > 0.77 under conventional tillage do not compromise 
crop yield (Beutler et al., 2005). 

The results indicate that treatments significantly affected 
the soil compaction degree in the 0.05-0.10 and 0.20-0.30 m 
layers (Table 3). The effect of chiseling on reducing the sub-

surface compaction degree is attributed to the working depth 
of the implemented chiseling rod (≈ 0.30 m) (Drescher et al., 
2016). Increasing the degree of compaction usually results 
in a reduction in soil aeration, meaning in the macropore 
volume (MA). In this sense, the reduced compaction degree in 
the chiseling was accompanied by an increase of the MA, and 
not only in the 0.05-0.10 and 0.20-0.30 m layers, but it was 
also significant for the 0.10-0.20 m layer. Rossetti & Centurion 
(2015) observed MA < 0.10 m3 m-3, which limits root growth 
(Lapen et al., 2004; Reynolds et al., 2009) in a medium texture 
Ferralsol when the ρR value exceeded 0.89; a condition that 
was not determined in this work.

The chiseling MA volume was higher than the no-tillage 
and conventional tillage treatments in the 0.05-0.10, 0.10-0.20 
m and 0.20-0.30 m layers. Therefore, the effect of chiseling on 
increasing MA was more evident in sub-surface layers of the 
Ferralsol after 12 months of management. Contrary to these 
results, Rosa et al. (2008) verified that a chiseling every two 
or four years of a clayey Rhodic Ferralsol under crop rotation 
was efficient in increasing the MA in the topsoil (0.00-0.10 m). 
However, the authors did not observe chiseling effect on the 
subsurface layers. In addition, the authors emphasize that the 
chiseling effect on the MA of topsoil layers can be detected up 
to four years after management.

Chiseling and conventional tillage did not have effect in 
promoting significant differences in the MA in the 0.00-0.05 
m layer, in relation to no-tillage, indicating that these tillage 
operations have no effect in providing significant differences 
in macroporosity of soils under ICLS. Due to the soil disruption 
provided by the treatments on the particle arrangement and 
the soil structure when being trampled by cattle, the particles 
were more easily compressed, thus reducing MA (Drescher et 
al., 2016; Reichert et al., 2017). It is worth mentioning that the 
MA volume determined in the conditions of this experiment 
is above the value considered critical for satisfactory root 
development, which is 0.10 m3 m-3 (Lapen et al., 2004; 
Reynolds et al., 2009).

The increase in the chiseling MA yielded significantly 
higher results in total porosity (TP) in the 0.10-0.20 and 
0.20-0.30 m layers in relation to no-tillage and conventional 
tillage. The effect of the conventional treatment on TP was not 
detected after six months of operations. 

There were no significant differences between the 
treatments in the soil structure evaluated by the structural 
index (SI). The SI values up to the depth of 0.20 m are above 
the 9% value indicative of soils with stable structure (Reynolds 
et al., 2009; Ghiberto et al., 2015). The SI in the 0.20-0.30 
m layer was statistically different between the treatments, 
where the Chiseling was the best. The reduced SI at depth is 
attributed to the lower proportion of TOC in deeper layers and 
the increase in clay content in the 0.20-0.30 m layer (Ghiberto 
et al., 2015). However, despite the significant differences in 
this layer, the SI values provided by the treatments are above 
7%, which indicates soils with a low risk of physical degradation 
(Reynolds et al., 2009; Ghiberto et al., 2015). 
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The WA content in all treatments in the 0.00-0.05 m layer 
is almost 0.15 m3 m-3, which is a value considered optimal 
for plant development (Reynolds et al., 2009). The best WA 
condition observed in the 0.00-0.05 m layer is explained by the 
higher TOC content in this layer, which favors water retention 
in the soil. Thus, even if drier conditions occur in the region, 
the adopted treatments would have the potential to maintain 
crop productivity. However, the treatments in the subsequent 
layers provided WA<0.15 m3 m-3, indicating that there may 
be productivity damage due to a lack of water in drought 
conditions (Reynolds et al., 2009; Nascimento et al., 2018). 

The penetration resistance (PR) values determined in 
the field capacity condition (ψ = -100 hPa) are presented 
in Figure 1. The highest PR value in the more superficial 
layers of 0.00-0.05 and 0.05-0.10 m was verified in the no-
tillage treatment and the lowest in the chiseling, while the 
conventional treatment was intermediate, and not differing 
from the chiseling; from 0.10 m there was an inversion of 
the mean values ​​of PR between no-tillage and conventional 
tillage, with these being statistically equal and both greater 
than the chiseling treatment. The increase in PR in the 0.10-
0.20 m layer in conventional tillage is attributed to compaction 
below the working depth of the equipment such as harrowers 
and plows. The chiseling effect on PR could be detected up 
to a depth of 0.20 m, even after 12 months of management. 
Drescher et al. (2016) reported that PR is the best parameter 
to evaluate the effects of chiseling on soil physical attributes, 
which is more sensitive to changes in ρB and porosity. 

The highest PR values in the no-tillage layers are attributed 
to the absence of tilling in this treatment, which maintains 
the stronger cohesion between the soil particles (Piva et al., 
2012). The critical PR value for crop growth may be variable 
depending on the soil, the adopted management system and/
or cultivated crops. Thus, the PR values determined in this 
work are below that proposed by Moraes et al. (2014b) as 
limiting for the root growth of a clayey Ferralsol, which is: 3.5 
MPa no-tillage with crop rotation; 3.0 for chiseling systems, 
and to maintain 2.0 MPa as the limiting value in conventional 
treatment, which is recurrent in the literature (Tormena et al., 
1998; Moraes et al., 2014b). 

There were no significant differences in corn silage yield 
or in the supply of ryegrass forage in the 2013/14 crop in 
the Ferralsol (Figure 2). The absence of significant difference 
is attributed to a good distribution of rain during the crop’s 
growing phases and to the soil’s good physical quality. Another 
factor that favored high silage yields was fertilization, since N 
and K are the primordial nutrients for silage yield (Costa et al., 
2015), as they are linked to shoot growth and development. 
The average corn silage yield in the Castro-PR-Brazil region 
is about 10,000 kg ha-1 of DM (dry matter) and for grazed 
ryegrass is about 2,500 kg ha-1 of DM (Moraes et al., 2014a). 
Fertilization was performed aiming at high silage yield, and 
there were no effects of treatments on yield because the soil’s 
physical conditions were not impeding to plant development.

Figure 1. Resistance to root penetration (PR) determined 
under field capacity conditions of a Ferralsol under crop-
livestock integration, with different soil tillage.

ns, no significant difference. Means followed by equal letters do not differ by Duncan test 
at 5% probability. 

CV = coefficient of variation. ns, no significant difference.

Figure 2. Dry matter yield of maize and ryegrass in the crop 
year 2013/14.

Conclusions
Chiseling did not provide higher corn silage and ryegrass 

yield under crop-livestock integration compared to other 
treatments.

Chiseling carried out every two years provided 
improvements in the physical attributes of the Ferralsol 
conducted over nine years under crop-livestock integration, 
with chiseling effects on the soil physical attributes detected 
12 months after the management.
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