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Abstract: The adoption of a no-till system presents difficulties in maintaining the potential crop
yield under long-term conditions when compacted soil layers are observed in the field. The research
objective was to assess the benefits of soil intervention in a traditional area of no-till system while
considering the production parameters of corn (Zea mays L.) under tropical conditions. The area was
installed considering 24 experimental units, including 6 treatments, a 3 × 2 scheme, and 4 repetitions
(3 soil management systems and 2 crop hybrids). The soil scarification was carried out at two depths,
0.15 m and 0.30 m, to compare its influence on corn yield. The number of days of plants’ emergence,
seed depth, longitudinal distribution of seedlings, phytotechnical parameters, and crop yield in the
field were evaluated. The dataset was subjected to the F Test and Tukey test (p < 0.05) to compare the
means by each attribute and treatment. The adopted hybrids, as well as soil-management systems in
the experimental area, did not interfere with the quality of the sowing and quantitative parameters of
the crop (CV = 15% for normal distribution on plants’ spacing within rows). So, there is no need to
scarify soil with the aim of increasing corn yield under the evaluated field conditions.

Keywords: grain yield; soil management systems; soil scarification; tropical agriculture

1. Introduction

The current adoption of non-tillering systems in Brazil is around 36 Mha, which
represents 54% of the agricultural area available for the production of grains in the country.
The system has been implemented by national farmers since 1979, considering the main
benefits associated with soil conservation, reduction in water consumption, improvement in
organic matter contents, and the mitigation of the gas emissions of the greenhouse effect [1].
Different studies have reported the non-tillering system to be a sustainable practice to
increase crop yield [2], reduce soil losses [3], and the costs of production [4], mainly when
integrated with the initiatives of crop rotation. Medeiros et al. [5] reported that the average
soil loss for the state of São Paulo, the location of this study, is around 118 Mg ha−1 year−1

when considering the areas cultivated with annual agricultural crops. Globally, 33% of
the soil surface is already degraded, and about 12 Mha of land is lost annually [6,7]. So,
it is evident that developing sustainable alternatives in farm management are required to
maintain soil texture and fertility.

To preserve soil conditions for food production, it is common to diversify annual
crops, such as soybean, corn, and sorghum, in the same area over consecutive growing
seasons. Corn (Zea mays L.) is the most common and economically relevant for promoting
crop rotation under tropical conditions. About 19 Mha in Brazil is cultivated with corn,
and its average yield is 6.7 t ha−1 nationally. Michelon et al. [8] observed an increment in
corn yield under the integration of cover crops and Fabaceae species. They also reported
an increase in the organic matter content and availability of macronutrients in the soil.
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Small farmers in developing countries are faced with a lack of capacity in managing
crop residues, mainly in cereal-based agroecosystems. Their condition limits the potential
benefits of adopting agricultural practices to enhance soil fertility at large scale. Some
technological challenges in adopting no-till systems were identified by Setia et al. [9], which
were associated with challenges on agronomical management, packaging, standardization,
and the adoption of machinery for seeding. They also suggested some strategies to over-
come this, such as intensive on-farm trials and adaptative research, policies to support
capacity building, and local solutions from the manufacture of agricultural machinery.

Crop residue management is also an important strategy in agricultural systems for
maintaining soil fertility and its properties over the seasons [10]. But, in some cases,
it is beneficial to execute the scarification of layers according to the variability in root
development in the field. Nascimento et al. [11] observed an increase in grain yield
integrating mechanical soil scarification and cover crops for rice (Oryza sativa L.) due to
its capacity to minimize the surface layer of soil compaction. Other studies have also
highlighted the effects of mechanical scarification on the physical attributes of soil while
considering suitable conditions for root growth and water infiltration [12,13].

Other technical alternatives are commonly implemented in agriculture to maintain
soil health. For example, Cherubin et al. [14] measured it according to the straw removal in
sugarcane, and the authors pointed out that intensive straw removal induced soil health
degradation. The physical degradation of soil, mainly under clayey conditions, was the
main factor for yield losses. Idowu et al. [15] studied the influence of soil management
on soil quality in an irrigated area with corn silage. Their results demonstrated that the
implementation of a no-till system improved the diversity index and total fungi biomass of
soil, but no increment in plant population and silage yield was observed.

Lopes et al. [16] and Correia et al. [17] described methods to assess the operational
performance of mechanized soil tillage and sowing systems under different field conditions,
focusing on their influence on crop yield. The research objective was to assess the benefits
of soil interventions in a traditional area of no-till system considering the production
parameters of corn under tropical conditions, as well as to characterize its relationship
with the operational performance of the agricultural machinery. The hypothesis was
established by describing the scientific contribution, in relation to the corn yield and
machinery performance, of the mechanical soil intervention in a conventional area of grain
cultivation with the NT system. The context of agricultural engineering and technology
applied to soil management systems is also discussed in this paper.

2. Materials and Methods
2.1. Experimental Area

This study was conducted in an agricultural area of 1.0 ha, traditionally managed
under a no-till system, over 20 years, at the facilities of School of Agricultural and Veterinary
Sciences, Jaboticabal, State of São Paulo, Brazil. The geographical coordinates of the area
are 21◦14′ S, 48◦16′ W, 560 m above sea level, and a terrain slope of 4%. The soil type of the
region is categorized as typical Eutrophic Red Latosol composed of sand (200 g kg−1), silt
(290 g kg−1), and clay (510 g kg−1).

The climate of the region is classified by Köppen as Cwa [18]—dry season in winter
and high relative humidity in summer. The mechanized sowing of corn occurred in
November 2021 and its harvesting in April 2022 due to the meteorological conditions. The
data on air temperature and precipitation were obtained, weekly, from a local weather
station (Figure 1). The plots were installed at the field considering 24 experimental units
of 10 m × 20 m size, spaced 15 m apart from each other. Each experimental unit was
composed of nine rows in a row spacing of 0.45 m, which is traditionally adopted by
national farmers in the grain cultivation.
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Figure 1. Air temperature and precipitation during the period of study.

2.2. Data Acquisition

The mechanical resistance of soil to the penetration was obtained by means of a pen-
etrometer of impact to assess what soil depths would be prepared with scarifier equipment
according to the methodology described by Stolf et al. [19]. It was measured randomly by
considering 10 sampling points with 0.50 m in-depth and the number of hits made by the
penetrometer in intervals of 0–0.25 and 0.25–0.50 m. The mean values for each measured
depth were 3.5 and 6.6 MPa, respectively. So, it was determined that soil scarification
would be carried out at depths of 0.15 m and 0.30 m, below of soil layers with assessed
mechanical resistance to the penetration.

The crop parameters evaluated in the field over the growing season were longitudinal
distribution of the plants after emergence, initial and final population of the plants, seed
depth, plant height, stem diameter, number of ears per row, number of grains per row, dry
matter mass, corn yield, and mass of 1,000 grains. The spacing between plants (Xi) was
measured according to the method proposed by Kurachi et al. [20]. Normal spacing was
considered on interval of 0.17–0.51 m, double for Xi lower than 0.17 m, and in-row gap for
Xi higher than 0.51 m.

The initial population of the plants was counted after emergence stabilization, and that
of final population was counted during period of harvesting. A centimeter ruler was used
to measure the height of the plants while considering three plants per plot on reproductive
crop stage. The mean diameter of the stem, located above the first node of the adventitious
roots, was measured using a pachymeter in the same plants from height measurement.

The number of rows and the number of grains were counted per row of five ears in
each plot, chosen randomly within the experimental area. Two plants without ears were
weighed per plot to obtain the weight of the matter mass in the straw. A sample was
taken and subjected to drying in an oven with forced air circulation, at 65 ◦C until constant
mass, determining the water content, and, subsequently, the value of grain production was
determined using the dry matter mass per hectare. The yield values per plot were obtained
using a mechanical threshing machine of grains. The grains were separated and weighed,
and the values (Y) were adjusted to 13% of water content [21,22] according to Equation (1).

Y = m × [(100 − U)/(100 − 13)] (1)
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where Y is the mass of grains on humidity of 13% (kg); m is the initial mass of the sample
(kg); U is the real water content of the grains (%). The crop yield was obtained by converting
Y to kg ha−1.

The operational parameters of agricultural machinery were also measured in the field
while considering the variables associated with sliding of the seeder and wheels of the
tractor, travel speed, and the operational field capacity (FC). The slippage of the seeder’s
wheels (PS) was calculated as function of the wheel’s perimeter and its route in the plot,
that is, the number of theoretical turns, obtained by the perimeter of the wheel, in relation
to the number of real turns (Equation (2)).

PS = [(VR − VT)/VR] × 100 (2)

where PS is slippage of seeder’s wheels (%); VR is the real number of turns of the seeder
drive wheel; VT is the theoretical cycle of the seeder drive wheel. The tractor’s slippage
(PRT) was determined by means of the number of turns of the wheels with load and without
load (Equation (3)).

PRT = [(VCC − VSC)/VCC] × 100 (3)

where PRT is wheelset slipping (%); VCC is the number of turns of the wheels with load;
VCS is the number of turns of the wheels without load.

The travel speed was obtained in relation to the spacing covered in each plot over
20 m about the time set on the route. The operational field capacity (FC) was obtained
considering the useful width of the seeder–fertilizer and its travel speed [23] (Equation (4)).
The efficiency of equipment was set as 75% based on the field conditions.

FC = W × S × 0.36 × 0.75 (4)

where FC is the operational field capacity (ha h−1); W is the useful width of equipment (m);
S is the travel speed (m s−1).

2.3. Field Management

The crop hybrids were selected according to the local conditions of environment and
the current practices of agronomical management in the field. Hybrid A was P4285VYHR
(Pioneer®), and Hybrid B was MG593PWU (Morgan®). Both hybrids were seeded with
population of 65,000 plants ha−1 and density of 2.92 seeds m−1, assuming their capacity
for crop germination and purity. Three soil-management systems were considered in the
experimental area: one no-till (NT) system and two in-depth soil-scarification systems
(0.15 m and 0.30 m).

The weed’s desiccation was performed in the entire area before sowing with 2.2 kg ha−1

of Glyphosate. The mechanized soil tillage and sowing were performed by a tractor
(4 × 2 TDA) with maximum power of 110.28 kW (150 cv), rotation of 2000 rpm on engine,
and constant speed of 1.80 m s−1. The mass of the tractor was distributed 40% on forward
and 60% on rear (mass/power of 56 kg cv−1). The tire pressure was checked before each
operation to follow the specifications of the manufacturer.

A drag seeder–fertilizer was used for corn sowing. The equipment (Figure 2A) is
composed of a pneumatic seed dosing disc; one helical seed distributor–fertilizer configured
for direct seeding with 17′′ front cutting disc; rod-type furrower at 0.10 m in-depth adjusted
to deposition of the fertilizer at 0.08 m; double 15′′ mismatched discs for seeds deposition at
0.05 m of depth; and “V” compacting wheels configured for nine rows spaced 0.45 m apart.
The AST/MATIC 450 equipment with seven rods was used to scarify soil using useful
width of 2.80 m and weight of 2,115 kg equipped with straw cutting discs and crushing
roller (Figure 2B).
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2.4. Data Analysis

The experimental area was designed using randomized blocks with 6 treatments in
a 3 × 2 scheme, with four replications, 3 soil-management systems, and 2 corn hybrids,
totaling 24 experimental units. Table 1 describes the treatments established in study.

Table 1. Description of the treatments in the experimental area.

Treatments Description

P1H1 NT with Hybrid A
P1H2 NT with Hybrid B
P2H1 Soil scarification 0.15 m with Hybrid A
P2H2 Soil scarification 0.15 m with Hybrid B
P3H1 Soil scarification 0.30 m with Hybrid A
P3H2 Soil scarification 0.30 m with Hybrid B

NT: no-till system; Hybrid A: P4285VYHR; Hybrid B: MG593PWU.

The original dataset was subjected to the F Test and, when applicable, to Tukey test
(p < 0.05) to compare the mean values between each treatment. All statistical analyses were
performed in R software version 4.2.2. The data dispersion was calculated by means of
coefficient of variation (CV) by dividing the standard deviation by the mean value of each
variable per treatment.

3. Results and Discussion

The descriptive statistic of the dataset is shown in Table 2. No statistical difference
was observed in values of the seedling emergence, seed depth, and plants’ spacing under
induced variations in the environment (hybrids and soil management). A higher CV was
observed for a double distribution (Xi < 0.17 m; CV = 174%) of the seeds for both condi-
tions in the experimental area. The data dispersion for a double distribution of grains is
commonly reported in the literature while considering high-variability CV values above
25% [24,25]. The normal distribution of the seeds demonstrated a low data dispersion
(CV = 15%) that is required for sowing operations in the field. This demonstrated the im-
portance of the local calibration of agricultural machinery before operation and monitoring
its performance in the field.

The number of days for plant emergence was the same for all conditions of soil
management and crop hybrids. The seed depth was uniform (about 0.04 m) for all induced
conditions in the field, demonstrating the operational control of agricultural machinery
during the sowing even using different strategies of soil tillage. Amorim et al. [26] also
observed a uniform seed depth under different treatments and operational parameters of
the assembly (seeder–fertilizer) because its variation was more significant when there was
no control of the assembly’s speed.
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Table 2. Mean values of the seed’s emergence, seed depth, and distribution within rows, subject to
different treatments.

Plants’ Spacing within Row (Xi %)

Variation Seedling Emergence
(Days)

Seed Depth
(cm)

Normal
Distribution

Gap on
Distribution

Double
Distribution

Hybrid (H) Hybrid A 7 4.25 88.30 4.09 7.61
Hybrid B 7 4.43 87.78 6.40 5.82

Soil management (S)
NT 7 4.51 89.06 4.21 3.22
SI 7 4.23 93.14 3.64 6.73
SII 7 4.29 81.91 7.89 10.19

F-value
H 0.07 n.s. 0.54 n.s. 0.01 n.s. 0.60 n.s. 0.14 n.s.

S 1.78 n.s. 0.44 n.s. 1.43 n.s. 0.81 n.s. 0.71 n.s.

H × S 1.19 n.s. 0.58 n.s. 0.51 n.s. 0.75 n.s. 0.67 n.s.

MSD
H 0.03 0.81 17.49 9.47 3.78
S 0.01 0.54 11.71 6.34 10.21

CV (%) 0.30 14.83 15.29 138.99 174.73

Hybrid A: P4285VYHR; Hybrid B: MG593PWU; NT: no-till system; SI: soil scarification 0.15 m in-depth;
SII: soil scarification 0.30 m in-depth; MSD: minimum significant difference; CV: coefficient of variation;
n.s.: not significant.

No statistical difference was observed in crop parameters measured in the field
(Table 3), such as plant height, stem diameter, the number of grains per row, and the
number of ears per row, under induced variations in the environment (hybrids and soil
management systems). This could be explained by other factors affecting crop development
(i.e., water content and nutrient availability), which were considered uniform across the
field. The NT system promoted higher values of phytotechnical attributes of the crop
compared to other soil-management systems. These results consolidated the potential
benefits of the NT system to corn yield, as highlighted by Rinaldi et al. [27].

Table 3. Mean values of the crop parameters subject to different treatments.

Variation Plant Height (m) Stem Diameter (cm) Number of Grains
per Row

Number of Ears
per Row

Hybrid (H) Hybrid A 2.73 23.85 38 16
Hybrid B 2.50 23.70 38 15

Soil management (S)
NT 2.49 23.48 39 16
SI 2.45 23.83 38 15
SII 2.45 24.0 38 16

F-value
H 2.90 n.s. 0.10 n.s. 0.28 n.s. 1.11 n.s.

S 0.33 n.s. 0.62 n.s. 0.27 n.s. 0.20 n.s.

H × S 1.47 n.s. 0.22 n.s. 0.09 n.s. 0.90 n.s.

MSD
H 0.12 1.31 4.50 2.01
S 0.08 0.87 3.01 1.34

CV (%) 3.88 4.25 9.12 9.99

Hybrid A: P4285VYHR; Hybrid B: MG593PWU; NT: no-till system; SI: soil scarification 0.15 m in-depth;
SII: soil scarification 0.30 m in-depth; MSD: minimum significant difference; CV: coefficient of variation;
n.s.: not significant.

The initial plant population was statistically different between hybrids installed in
the field (Table 4). Hybrid B had a greater plant population in the initial stage of the crop
compared to Hybrid A. As a consequence, the crop yield was greater for Hybrid B (about
11 t ha−1) in comparison to Hybrid A (about 10 t ha−1). The crop yield demonstrated
higher variation (CV = 24%) among the crop variables due to the non-uniformity of the
plant development and soil factors over the field. No difference was evidenced between
soil-management systems in relation to the crop yield, demonstrating that the selection
of the hybrids by the environment is more significant than the proposal of increasing it.
Despite the difference in the initial plant populations between the evaluated hybrids, it did
not interfere with the final plant’s population because the parameter is more associated
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with seed depth and the spacing of the in-row plants. Rolim et al. [28] observed the same
effect by comparing the initial and final plant populations for corn under hydric stress.
It is not possible to confirm those results for the long-term adoption of soil-management
systems because some studies related to an increase in corn yield values, such as that by
Somavilla et al. [29], found an increment in crop yield under mechanical intervention (soil
scarification) compared to the continuous adoption of the NT system when considering
two consecutive seasons.

Table 4. Mean values of the plant population, dry mass, and corn yield subject to different treatments.

Variation Initial Plant Population Final Plant Population Dry Mass (t ha−1) Crop Yield (t ha−1)

Hybrid (H) Hybrid A 68,132 b 67,592 11.70 10.22
Hybrid B 73,302 a 66,203 12.87 11.02

Soil management (S)
NT 73,842 69,444 11.75 10.63
SI 68,055 64,583 12.42 10.70
SII 70,254 66,666 12.69 10.53

F-value
H 6.01 * 0.24 n.s. 1.07 n.s. 0.56 n.s.

S 2.56 n.s. 0.98 n.s. 0.25 n.s. 0.01 n.s.

H × S 0.18 n.s. 0.08 n.s. 0.53 n.s. 0.93 n.s.

MSD
H 6.71 9.02 3.60 3.38
S 4.50 6.05 2.41 2.26

CV (%) 7.30 10.39 22.56 24.43

Hybrid A: P4285VYHR; Hybrid B: MG593PWU; NT: no-till system; SI: soil scarification 0.15 m in-depth; SII: soil
scarification 0.30 m in-depth; MSD: minimum significant difference; CV: coefficient of variation; n.s.: not significant;
* statistically significant. a,b: values statistically different

There was a statistical difference between the NT system and soil-scarification methods
related to the operational performance of the agricultural machinery for all variables
considered in data acquisition (PS, PRT, speed, and FC). But there was no difference
when comparing its values under the induced variation of the hybrids (Table 5). The
mean values of PS under the NT system were two times lower than the values observed
in both soil scarification depths, and PRT was three times higher under the NT system
due to the low area of contact of the tires with the soil surface. Consequently, PRT had
greater variation (CV = 69%) among the evaluated variables of machinery performance.
Fleck et al. [30] observed a similar effect when comparing the operational performance
of both soil-management systems for rice cultivation. The variable FC was smaller for
the NT system (1.59 ha h−1) compared to the values obtained for soil scarification (about
1.70 ha−1). So, increasing the operational speed of the assembly promoted higher FC for
the evaluated field conditions. Zimmermann et al. [31] described that this increase did not
affect the quality of soil tillage and reduced the energy demand of the tractor.

Future studies should focus on including more crop hybrids as well as variations in
the adjustment of the agricultural machinery to obtain higher levels of corn yield using
multiple environmental and field conditions. Agricultural engineering and technology
sectors could assist the development of national policies to consolidate the adoption of
NT system for food production and, in some cases, to advise soil scarification according
to the compacted soil layer as an alternative to increase crop yield. Also, automated
adjustments on agricultural machinery could be performed by the industry to improve
the FC by means of speed control as function of soil condition. For example, considering
agricultural practices under tropical conditions, it is common to observe variation in
soil texture, terrain slope, and residual straw, but currently, the mechanized systems are
configured and designed while assuming uniform field conditions.
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Table 5. Mean values of the agricultural machinery performance. PS: slippage of the seeder’s wheels;
PRT: tractor’s slippage; FC: operational field capacity.

Variation PS (%) PRT (%) Speed (m s−1) FC (ha h−1)

Hybrid (H) Hybrid A −16.16 4.09 5.56 1.68
Hybrid B −16.01 4.66 5.63 1.70

Soil management (S)
NT −9.19 b 7.58 a 5.25 b 1.59 b

SI −19.02 a 2.60 b 5.71 a 1.73 a

SII −20.05 a 2.94 b 5.82 a 1.76 a

F-value
H 0.93 n.s. 0.65 n.s. 0.58 n.s. 0.58 n.s.

S 0.001 * 0.008 * 0.003 * 0.003 *
H × S 0.25 n.s. 0.87 n.s. 0.55 n.s. 0.54 n.s.

MSD
H 3.73 2.64 0.25 0.07
S 5.57 3.95 0.38 0.11

CV (%) 26.67 69.49 5.20 5.16

Hybrid A: P4285VYHR; Hybrid B: MG593PWU; NT: no-till system; SI: soil scarification 0.15 m in-depth; SII: soil
scarification 0.30 m in-depth; MSD: minimum significant difference; CV: coefficient of variation; n.s.: not significant;
* statistically significant. a,b: values statistically different

4. Conclusions

The adopted soil-management systems did not interfere with variables of sowing
quality, phytotechnical parameters of the crop, and crop yield. A difference was observed
in yield among the implemented hybrids for the same environment. It was not feasible to
carry out soil scarification as a method for increasing crop yield in the conditions of the
experimental area. The slip rate of the tractor’s rear wheels achieved better performance in
the no-till system. The travel speed and the operational field capacity achieved better rates
under the soil-scarification method. Considering that the corn yield did not demonstrate
any statistical difference between treatments in the short term, it is recommended to main-
tain an NT system for agricultural areas traditionally cultivated without soil intervention.
Long-term studies and multi-temporal analysis are suggested to characterize and compare
the performance of soil-management systems regarding grain yield and quality.
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