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ABSTRACT: The reduced crop diversity under no-tillage increases soil compaction 
and reduces soil quality. This study aimed to investigate whether intercropping corn 
and Urochloa has significant short-term effects on soil physical quality, as assessed by 
Visual Evaluation of Soil Structure (VESS), and its correlations with physical properties. 
Soil physical quality was assessed after corn and Urochloa intercropping and corn 
without Urochloa. The VESS, penetration resistance, bulk density, air-filled porosity, 
air permeability, pore continuity index, and water storage capacity were determined 
from 0.00 to 0.25 m depth in the Latossolo Vermelho Distroférrico. Intercropping of 
Urochloa and corn resulted in lower VESS values and favorable soil physical properties. 
For Urochloa and corn, the VESS score was improved (score 1 to 2.9). In the absence 
of the Urochloa, a moderate VESS score was observed (3 to 3.9). The results showed 
significant relationships between VESS scores and soil physical properties. Our findings 
suggest that the cultivation of Urochloa intercropped with corn improves the physical 
quality of Latossolo Vermelho Distroférrico, even in the short-term, 83 days after sowing, 
in a no-tillage system in a subtropical climate.
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INTRODUCTION
Lower plant diversification under no-tillage increases soil compaction and reduces soil 
quality. The main difficulty in introducing diversity in production areas is related to the 
need to produce two cereal crops per year, aiming at higher profitability. However, the 
effects on the soil include structural degradation (Moraes et al., 2019) and increased 
compaction, such as higher bulk density and penetration resistance (Li et al., 2020).

In contrast, intercropping improves soil physical quality, such as higher aggregate stability, 
total porosity, and lower bulk density (Cagna et al., 2023). Therefore, it is essential to 
assess the physical quality of the soil, especially visual assessment, as physical assessment 
is difficult in production areas. Crop rotation improves the soil health and is fundamental 
for the sustainability of cereal production, especially in areas with frequent droughts 
during the rainy season. In this sense, crop diversification through intercropping under 
no-tillage could be a promising way to promote the physical, chemical, and biological 
properties of the soil (Stefan et al., 2021; Peng et al., 2023).

Urochloa, characterized by its high production of root and shoot biomass, has been 
grown intercropping with corn, for a more diversified and sustainable production system 
(Baptistella et al., 2020). The use of cover crops, such as Urochloa has shown benefits to 
subtropical soils in no-tillage production, like increasing organic matter (Silva et al., 2022; 
Crusciol et al., 2023), stabilising soil structure and improving nutrient cycling (Baptistella 
et al., 2020). Improvement of roots with positive effects on soil macroporosity and water 
infiltration (Santos et al., 2018a), increased water availability (Silva et al., 2020) and 
crop yield (Crusciol et al., 2023) are other benefits of Urochloa.

Intercroping corn, which has a fibrous root system, intercropping with Urochloa, which 
has thinner and more abundant lateral roots (Galdos et al., 2020), has beneficial effects 
on the physical (Baptistella et al., 2020) and chemical (Crusciol et al., 2023) quality of 
the soil. However, the effectiveness of Urochloa intercropping with corn in improving the 
soil physical properties depends on climatic conditions, especially temperature and soil 
moisture. In this sense, little is known about the effects on soil physical quality when 
the Urochloa is cultivated for a few weeks between corn rows. Introducing Urochloa 
during the corn cycle may have a short-term effect, i.e., between one commercial crop 
and another, similar to chisel plowing. However, the difference is that Urochloa is more 
economical and does not destroy the porosity created by no-tillage; it mitigates the effects 
of compaction, with the residual decompression effect lasting much longer than chisel 
plowing. The economic costs of scarifying the entire planting area are high (Pinheiro et 
al., 2021), affecting the farm sustainability.

Strategies for assessing the impact of crop management, such as intercropping, are 
based on laboratory analysis. However, visual methods can be used to provide important 
information about the soil condition. Visual evaluation of soil structure (VESS) is a qualitative 
method for soil health assessment, which farmers can use to investigate effective 
cultivation practices under different edaphoclimatic regions (Franco et al., 2019). Thus, 
the VESS uses objective criteria for rapid assessment and serves as an effective tool to 
illustrate the impact of management practices on soil properties and overall soil health.

The VESS has the potential to evaluate the effect of plant management and the relationship 
with soil physical properties, as observed by Paschoal et al. (2020) in intercropping 
corn + Urochloa, and by Tuchtenhagen et al. (2018) under different crop management 
systems in a typic eutrophic Albaqualf soil. The investigation of Paschoal et al. (2020) 
under clayey Oxisol showed that intercropping corn and forage grasses improves the soil 
structural quality, according to the VESS evaluation. Additionally, the linear regression 
between bulk densities and VESS scores showed that VESS is a useful tool for managing 
moderately compacted soils (Tuchtenhagen et al., 2018). Thus, the limiting values for 
some physical properties and VESS scores result from studies carried out in temperate 
soils and need to be carefully interpreted when applied to subtropical and tropical soils.
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We hypothesized that the short-term intercropping of corn and Urochloa improves soil 
quality, and the visual assessment correlates with physical analytical properties, which 
remain understudied in commercial production systems. This study aimed to investigate 
whether intercropping corn and Urochloa has significant short-term effects on soil physical 
quality assessed by VESS and its correlations with physical properties.

MATERIALS AND METHODS
The study was carried out in an experimental area belonging to the Unidade de Difusão 
de Tecnologias da Cocamar Cooperativa Agroindustrial located in the city of Floresta, 
state of Paraná, southern Brazil (23° 35’ 23” S and 52° 04’ 27” W; Figure 1).

Climate of region is classified as mesothermal humid subtropical (Cfa), with hot summers 
and rare frosts, and with seasonal rainfall concentrated in summer, and no dry season 
(Peel et al., 2007). Mean annual temperature is 22 °C and the mean annual rainfall is 
1,450 mm. No significant climatic changes, such as dry spells, were observed during 
this study. The soil in the area is classified as a Latossolo Vermelho Distroférrico, very 
clayey textural class (Santos et al., 2018b), like a Rhodic Ferralsol (IUSS Working Group 
WRB, 2022). Granulometric characterization and soil organic carbon (SOC) content in 
the 0.00-0.10 and 0.11-0.20 m layers are presented in table 1.

Figure 1. Geographic location of the study area at Cocamar Experimental Station, Floresta 
municipality, Paraná State, Brazil.

Table 1. Clay, silt, sand and soil organic carbon (SOC) contents of the 0.00 to 0.10 and 0.11 to 
0.20 m layers of the Latossolo Vermelho Distroférrico
Layer Clay Silt Sand SOC
m g kg-1

0.00 to 0.10 785 75 140 1.79
0.11 to 0.20 760 65 175 1.08
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No-tillage has been used in the area since 2011 involving soybean (Glycine max (L.) 
Merrill), wheat (Triticum ssp.) and corn (Zea mays L.) (Figure 2). The experimental 
design was a randomized block, with four replications. The plots contained 12 rows of 
corn, 6 m long, spaced 0.9 m, and an intercropping treatment of Urochloa between the 
rows. The treatments evaluated were: a) corn crop without Urochloa (control - NTC) and 
b) intercropping corn and Urochloa (NTUr). Corn and intercropping corn, and Urochloa 
(sown simultaneously) were established on February 6, 2016, after the soybean harvest 
(Figure 2).

Seeder was equipped with furrow rods for fertilizer application at a depth of 0.10 m  
(340 kg ha-1 of an NPK 13-09-09 formulation) and cutting discs for opening the furrow 
and depositing the corn seeds at a depth of 0.05 m. Urochloa was sown in the central 
part of the inner rows of the corn crop at a depth of 0.03 m, using cutting discs to open 
the sowing furrow for the Urochloa, no fertilizer was added.

Evaluations and sampling were carried out 83 days after corn and Urochloa sowing, 
when the soil water content was close to field capacity. In the field, the soil structural 
quality score (Sq) through the Visual Evaluation of Soil Structure (VESS) was carried 
out according to Guimarães et al. (2011), with four samples for each treatment. After 
the VESS evaluation, 12 undisturbed samples from each treatment (four blocks × three 
subsamples) were removed at 0 to 0.05 and 0.10 to 0.15 m. Undisturbed samples were 
collected using cylinders (0.07 m in diameter × 0.05 m in height ~192 cm3 cm-3). The 
dimensions of the samples were adjusted to the dimensions of the cylinders and kept 
at the temperature of 5 °C until they were used in the analyses.

Figure 2. Land use history under no-tillage and sampling positions of the evaluated study areas. NTC: control - corn crop without 
Urochloa; NTUr: intercropping corn and Urochloa.
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To determine the VESS Sq, small trenches were opened, from which soil samples (0.25 
× 0.10 × 0.20 m) were taken using a straight spade. After the samples were taken, soil 
aggregates were revealed manually at their fracture points, and their color, size, shape, 
and resistance to rupture, as well as the presence of inter and/or intra-aggregate roots 
and visible porosity were evaluated (Guimarães et al., 2011). The VESS Sq score was 
attributed to each layer, according to the VESS chart (Guimarães et al., 2011). Contrasting 
layers of the structure were identified (0 to 0.03 and 0.04 to 0.25 m to intercropping, 
and 0 to 0.10 m and 0.11 to 0.25 m to corn). The first layer was called the top layer, 
and the second was the bottom layer. The VESS Sq scores range from 1 to 5, allowing 
intermediate numbers. Scores varying from 1 to 2.9 have good structural quality, requiring 
no changes in soil management; from 3 to 3.9 requires long-term changes in management 
(not immediate) to reduce further structural degradation; and 4 to 5 correspond to a poor 
structural quality, requiring an immediate change in management to support adequate 
plant production (Ball et al., 2017). For each block, a weighted average was calculated 
according to equation 1.

Ev =
∑

[ (Evi Ei) / ET ] Eq. 1

in which: Ev is the average score of the sample (dimensionless); Evi (dimensionless) and 
Ei (m) are the score and depth of each layer, respectively; ET is the sum of the depth of 
the individual layers of each sample.

Undisturbed samples were placed in trays for gradual saturation with water for a week. 
After saturation, the samples were weighed and subjected to a matric with the potential 
of -6 kPa (Deeks et al., 2004) in a tension table (Ball and Hunter, 1988). After the soil 
equilibrium, the samples were weighed again. Then, they were placed back on the 
tension table and subjected to a matric potential of -10 kPa, according to Reynolds et 
al. (2002). After equilibrium, at this potential, the permeability of the soil to the air was 
determined using a constant head permeameter (Figueiredo, 2010). Permeability of the 
soil to air (Ka) was estimated according to equation 2.

Ka = (Q / As) × (z / P) Eq. 2

in which: Ka is the permeability of the soil to air (μm2); Q is the mass flow rate (m3 s-1); Ƞ 
is the air viscosity at 20 °C (1.8 × 10-5 N s-1 m-2); As is the area perpendicular to the air 
movement (m2); z is the soil column (m) and P the differential air pressure (Pa).

After determining the air permeability of the soil, the samples were again saturated 
and subjected to progressive air drying in the laboratory at a controlled temperature of 
25 °C to determine the penetration resistance. For drying, the samples were placed on 
a wire mesh device with an approximate height of 0.05 m to allow water loss through 
both ends of the sample. Five penetration resistance measurements were made for 
each sample over the drying period, resulting in observations from five different water 
contents, starting from close to saturation. The penetration resistance was determined 
using a bench penetrometer equipped with a metal rod with a conical tip, with a basal 
diameter of 0.0038 m and an angle of 30°. The mass of each sample was obtained 
before each measurement of penetration resistance for the subsequent determination 
of the soil water content. After the last determination of resistance, the samples were 
dried in an oven at 105 °C for 48 h to obtain the mass of soil solids and thus allow the 
calculation of the soil bulk density and water contents at different times of soil drying 
according to Moreira et al. (2014).

Values of penetration resistance were adjusted with the soil water content using the 
model proposed by Busscher (1990), described in equation 3.
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PR = a × Ɵ × b Eq. 3

in which: PR is penetration resistance (MPa); Ɵ is the water content of the soil (m3 m-3); 
a and b are the parameters for fitting the model to the data. Soil water content for the 
PR is 3.5 MPa, the PR value suggested by Moraes et al. (2014) as critical for crops grown 
in soils under NT, it was calculated according to equation 4.

ƟPR = (3.5/a)(1/b) Eq. 4

The pore continuity index was estimated through the ratio between the permeability of the 
soil to air and the air-filled porosity at a potential of -10 kPa, as proposed by Groenevelt 
et al. (1984) - equation 5.

K1 = Ka/Par Eq. 5

in which: K1 is the soil pore continuity index (dimensionless); Ka is the permeability of 
the soil to air (μm2); Par is the air-filled porosity (m3 m-3) at the potential of -10 kPa. Par 
was determined by the difference between the water content of the saturated soil and 
the water content at the potential of -10 kPa, according to Reynolds et al. (2002).

Soil bulk density was determined by the ratio between the mass of solids and the volume 
of the core (Teixeira et al., 2017); the total porosity was considered the water content of 
the saturated soil (θs) and the macroporosity was obtained by the difference between 
θs and θ under the potential -6 kPa (field capacity), according to Ball and Hunter (1988).

Soil water storage capacity (SWSC) was calculated using the ratio between soil water 
content at -10 kPa, taken as the field capacity (FC), and the total porosity (TP) (Reynolds 
et al., 2002), according to equation 6.

SWSC = FC/TP Eq. 6

in which: SWSC is the water storage capacity (dimensionless); FC is the soil water content 
or volume of pores occupied with water at the potential of -10 kPa (m3 m-3); TP is the 
total porosity (m3 m-3).

For the layers identified through the VESS assessment of each sample, an aliquot of 
soil, aggregates were collected and used to determine the SOC. Soil aggregates were 
air-dried, ground, and sieved at a 2 mm mesh opening, and the SOC was determined 
in triplicate using oxidation with potassium dichromate and titration with ammonium 
ferrous sulfate (Teixeira et al., 2017).

Critical limits to soil physical quality were according to: VESS Sq score of <3.0 (Ball et 
al., 2017); soil density of 1.21 Mg m-3 (Ferreira et al., 2020), total porosity of 0.50 m3 m-3  
(Kiehl, 1979) and macroporosity of 0.10 m3 m-3 (Baquero et al., 2012); water stock capacity 
of 0.66 m3 m-3 (Reynolds et al., 2002); total organic carbon of 1.1 dag kg-1 (Pawar et al., 
2017); air-filled porosity of 0.09 m3 m-3 (Reynolds et al., 2015); soil air permeability of 1 
µm2 (McQueen and Shepherd, 2002) and water content at PR equal to 3.5 MPa (Moraes 
et al., 2014).

Differences in soil physical properties and SOC between the studied managements 
(intercropping corn-Uroclhoa and without intercropping) were analyzed using ANOVA. 
A Shapiro-Wilk normality test was applied to the residuals of the ANOVA models to 
check for the assumption of normality and homogeneity of variance (p-values <0.05 
were significant at 5 %, linear model residuals can be considered normal). In this study, 
both assumptions of the tests (normality and homogeneity) were met, and the data 
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were submitted to a Tukey test (α = 0.05), which was done separately for each soil 
type and layer (top and bottom layer). Statistical analyses were performed according 
to Ferreira (2011). Regression analyses were performed using the Sigma Plot software. 
Principal component analysis was performed for the different soil properties, following 
the normalization of the data in score Z, as suggested by Gotelli and Ellison (2011) and 
based on the correlation matrix of these variables using the Paleontological Statistics 
software, 3.0 (Hammer, 2001).

RESULTS
The VESS showed different layers (thickness) between the treatments (Figure 3). For the 
NTC treatment, the average VESS Sq score was 3.1 (top layer) and 3.6 (bottom layer) 
(Figure 3a). For the NTUr treatment, an average VESS Sq score of 1.9 (top layer) and 2.8 
(bottom layer) (Figure 3a). The mean values for the VESS Sq scores differed (p<0.05) 
between NTC and NTUr in the top layer (Figure 3b). For the bottom layer, no significant 
difference (p>0.05) was observed between NTC and NTUr. Although the average score 
shows that they belong to different quality classes: NTUr good and NT moderate (Ball et 
al., 2017) (Figure 3b). These results, with distinct VESS Sq, and layer depth for NTC and 
NTUr, are due to aggregates of different shapes and sizes, with differences in fracture 
resistance, visible pores and the presence or absence of roots in the sampled profile.

The average values for soil bulk density, total porosity, macroporosity, SOC, penetration 
resistance and water content at PR equal to 3.5 MPa are shown in figure 4. There was 
a reduction in soil bulk density, penetration resistance, and water content at PR equal 
to 3.5 MPa, and an increase in total porosity and macroporosity for the NTUr top layer 
compared to NTC (Figure 4). There were no differences in SOC between the NTC and 
NTUr in the individual layers (Figure 4d).

Compared to NTC, NTUr increased (top layer), soil air porosity at ψ -10 kPa by 52 %; 
air permeability by 98 %, and pore continuity index by 94 % (Figure 5). No significant 
differences between the management treatments were observed in the bottom layer 
(p<0.05).

Figure 3. Mean depth of the different soil layers with their respective VESS Sq scores (a) and 
the mean VESS Sq score of the soil layers (b) in the treatments studied. NTC: control - corn crop 
without Urochloa; NTUr: intercropping corn and Urochloa. Bars: standard errors. Different lowercase 
letters indicate significant differences between systems by t-test p<0.05. ns: not significant.  
* <3.0 following Ball et al. (2017)
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Regression analyses showed significant positive relationships (Figure 6) between the 
VESS Sq scores (p<0.01) and soil bulk density (r2 = 0.56), soil water storage capacity  
(r2 = 0.77) and water content at PR = 3.5 MPa (r2 = 0.64). Significant negative relationships 
were found between VESS Sq score and total porosity (r2 = 0.69), macroporosity  
(r2 = 0.72), soil air permeability at ψ = -10 kPa (r2 = 0.55), and air-filled porosity at  
ψ = -10 kPa (r2 = 0.59). In addition, the significance for SOC was r2 equal to 0.45 (p<0.05).

Figure 4. Soil bulk density (a), total porosity (b), macroporosity (c), soil organic carbon (d), penetration resistance (e) water content 
at PR equal to 3.5 MPa (f) for the treatments studied. NTC: control - corn crop without Urochloa; NTUr: intercropping corn and Urochloa. 
Bars: standard errors. Different lowercase letters indicate significant differences between systems by t-test p<0.05. ns: not significant. 
Top layer: 0.0 and 0.10 m; bottom layer: 0.11 and 0.25 m.
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The VESS Sq scores for the NTC treatment were in a range where soil structure is 
considered inadequate and requires changes in management strategies (Sq VESS 2.9 to 
5). In contrast, the majority of points of NTUr were positive (Sq 1 to 2.9), corresponding 
to physical soil properties that are more favorable to plant development (Figure 6).

Principal component analysis indicated that the two principal components (PC) were 
responsible for 93.78 % of the total variance, with PC1 explaining 88.25 % and PC2  
5.53 % (Figure 7). In PC1, there was a large overlap of the positive effects of pore space-
related variables (total porosity, soil air permeability, pore continuity index, air-filled 
porosity at ψ = -10 kPa and macroporosity) and negative effects with soil bulk density, 
penetration resistance, and VESS (Figure 7). On second axis, the SOC was positively 
grouped, while the water content at PR was equal to 3.5 MPa, and the water storage 
capacity was negatively grouped.

DISCUSSION
In the top layer, which is particularly important for many physical and hydrological soil 
processes, the VESS Sq scores differed between treatments, with the lowest values 
indicating an agronomically more favorable soil structure in the NTUr treatment (Figure 3).  

Figure 5. Air filled porosity (a), soil permeability to air (b), soil pore continuity index (c), and water storage capacity (d) for the 
treatments studied. NTC: control - corn crop without Urochloa; NTUr: intercropping corn and Urochloa. Bars: standard error. Different 
lowercase letters indicate significant differences between systems by t-test p<0.05. ns: not significant. Top layer: 0.0 and 0.10 m; 
bottom layer: 0.11 and 0.25 m.
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Urochloa has a high potential for root production, improving soil structure quality (Silva 
et al., 2022). In this case, the crop rotation system should be adapted to avoid further 
damage to the soil structure, such as intercropping corn and Urochloa. Intercropping corn 
with forage grasses under no-tillage conditions improves aggregate stability, reduces bulk 
density, and increases total porosity in the 0.00-0.10 m soil layer (Cagna et al., 2023).

Figure 6. Relationships between VESS Sq scores and soil bulk density (a), total porosity (b) soil 
macroporosity (c), soil organic carbon (d), soil air permeability at ψ equal to -10 kPa (e), air filled 
porosity at ψ equal to -10 kPa (f), water storage capacity (g) and water content at PR equal to  
3.5 MPa (h) for the treatments studied. NTC: control - corn crop without Urochloa; NTUr: intercropping 
corn and Urochloa. *** p<0.01; ** p<0.05. The area outlined in green indicates adequate soil 
structure.
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Roots interactions with soil microbiota help the formation and stabilization of soil aggregates 
and increase soil porosity (Bardgett et al., 2014). The presence of Urochloa increased the 
depth of the layer of good soil quality to 0.10 m (Figure 3b). Most annual crops grow their 
roots in the first 0.10 m of soil; therefore, the better environment provided by Urochloa 
reduces crop constraints (Guimarães et al., 2011).

In soils similar to this study, Guimarães et al. (2013) found that for VESS Sq scores >3.0, 
there was a predominance of the Least Limiting Water Range (LLWR) equal to 0, indicating 
severely restrictive physical conditions for the development of crops. The reduction in 
the VESS Sq score in NTUr (38 % in top layer) and 21 % (bottom layers) indicates a 
substantial improvement in the physical and structural quality. The good soil structure 
identified by the VESS Sq score confirms the physical and hydric attributes studied, 
which showed better physical conditions in the NTUr (Figures 4 and 5). These results are 
probably related to the diversification of plants, which accumulate on the soil surface, 
allowing the growth of fine roots (Cagna et al., 2023), creating a porosity network in the 
soil, and improving the soil recovery (Baptstella et al., 2020). Urochloa is known for its 
ability to protect the soil while enhancing soil health and carbon sequestration; however, 
these effects were not evidenced in the present study.

The VESS Sq scores observed in NTUr (Figure 3) was classified as 'good' (ranging from 1 to 
2.9) and indicate that Urochloa induced short-term improvements in soil structure within 
just 83 days of cultivation. These changes demonstrate that Urochloa intercropping can 
be an efficient and low-cost alternative to chisel plowing for rapidly enhancing soil quality. 
However, the long-term effects of intercropping need to be further investigated. Roots 
improve microbial activity, abundance, and diversity and produce organic compounds, 
such as exudates (e.g., enzymes and proteins), that improve soil health (Koudahe et al., 
2022), which does not occur with plowing.

The increased macroporosity of the top layer recorded in the short term is fundamental to 
the dynamics of air and water in the soil profile and, consequently, favors the growth of 
roots, which could reach more layers in the subsurface, especially if grown in the medium 
and long-term. Therefore, the positive effects on the soil are due to the growth of roots 
and the intensification of drying cycles and wetting cycles through the absorption and 
transpiration of water, affecting the structural and physical quality of the soil.

Figure 7. Multivariate analysis of the principal components of variables related to the physical 
properties and quality of the soil for the studied treatments. NTC: control - corn crop without 
Urochloa; NTUr: intercropping corn and Urochloa; VESS: visual evaluation of soil structure; TOC: 
total organic C; Bd: bulk density; Mac: macroporosity; PR: penetration resistance; AW: available 
water; θPR: water content at PR 3.5 Mpa; Ka: air pemeability; PT: total porosity; Par: air porosity; 
Ka: permeability of the soil to air soil; and K1: pore continuity index.
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Urochloa has a high potential for biomass production of its aerial parts (13.6 Mg ha-1) 
and the roots (8.4 Mg ha-1), evaluated in the 0 to 0.2 m layer (Bonetti et al., 2015). This 
protects the soil against erosion and compaction and has a greater impact on productivity 
than straw (Balbinot Junior et al., 2017). The biomass of the aerial part and the roots 
promotes the formation and stabilization of the structure with improvements in the 
pore system, in terms of temperature moderation, reduction of penetration resistance, 
increase in water infiltration, and the stability of aggregates and nutrient cycling (Santos 
et al., 2018a; Oliveira et al., 2019).

The lower water content at a penetration resistance of 3.5 MPa observed in the NTUr area 
suggests a greater degree of drying in the surface layer, likely associated with higher air 
permeability (Figure 5d). This condition may facilitate water redistribution toward deeper 
soil layers, where higher moisture content is retained.This may be a consequence of the 
increased addition of SOC (not confirmed in this study), as well as the number of fine 
roots (Crusciol et al., 2023), which are common in Urochloa plants (Galdos et al., 2020) 
and improve subsequent grain yields (Crusciol et al., 2023). Fine roots with a diameter  
<0.5 mm influenced the decomposition rate, remaining in the soil for 243 and 261 days 
less than roots with a diameter between 1.0 and 2.0 mm (Bieluczyk et al., 2023). This 
rapid improvement in soil structure promoted by Urochloa during the corn crop can 
prevent limitations during drought periods, which are common in southern Brazil, as corn 
root growth is favored by the reduction of mechanical and hydric stresses (Moraes et al., 
2019). These benefits positively impact plant growth and development and can last for 
several harvests, benefiting multiple crops, as confirmed by Balbinot Junior et al. (2017).

The NTUr is a possible window for cattle grazing after corn cultivation, as has been widely 
implemented by producers in the central south of Brazil. In the absence of Urochloa, the 
soil under NTC showed high Sq VESS and physical degradation, defined for this soil as  
1.21 Mg m-3 (Ferreira et al., 2020), resulting in soil compaction (Figures 4 and 5). In another 
study, the regression analysis between bulk density and macroporosity (considering the 
critical macroporosity for plant growth of 0.10 m3 m-3), Suzuki et al. (2022) defined for 
clay soils the bulk density of 1.33 to 1.36 Mg m-3 and the critical penetration resistance 
of 2 to 3.5 MPa. Our results suggest a negative evolution of density (1.27 Mg m-3) and 
penetration resistance (1.48 MPa). Thus, intercropping with forage and cattle grazing is 
an alternative to recover compacted soils or reduce the evolution of compaction observed 
in the no-tillage (Glaze-Corcoran et al., 2020; Bonetti et al., 2023).

The VESS Sq score was related to the quantitative physical properties of the soil, as 
suggested by Cherubin et al. (2017) and also observed in several studies (Hargreaves 
et al., 2019; Paschoal et al., 2020). Thus, the significant relationships observed between 
VESS and the soil properties (physical p<0.01; SOC p<0.05; Figure 6) indicate that VESS 
adequately detects the structural quality of the managed soils with different plant diversity, 
showing it to be an efficient tool for assessing the structural quality of subtropical and 
tropical soils, in line with the results of Franco et al. (2019). Other studies have already 
found a close relationship between the VESS Sq score and soil properties such as SOC, 
soil bulk density, water capacity, air permeability, and pore space (Cherubin et al., 2017; 
Guimarães et al., 2017). In particular, aggregates' shape and ease of breaking (rounded 
shapes connected by roots indicate stable aggregates, and right angles and lack of roots 
indicate low stability), high visible biological porosity, and activity of macroorganisms are 
easily observed and associated with conservation management and soil physical quality.

Furthermore, a VESS Sq score <2.9 or > 3.0, used as a boundary between good and 
moderate to poor soil structural conditions (Ball et al., 2017), converged with limiting 
values for the physical properties for plant growth for the soil texture class studied, which 
had a soil bulk density of 1.21 Mg m-3 (Ferreira et al., 2020), macroporosity of 0.10 m3 m-3 
(Baquero et al., 2012); 1.1 dag kg-1 SOC for maintaining tropical soils quality (Pawar et 
al., 2017), water storage capacity of 0.66 m3 m-3 (Reynolds et al., 2002); air-filled porosity 
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of 0.09 m3 m-3 (Reynolds et al., 2015); and soil air permeability of 1 µm2 (McQueen and 
Shepherd, 2002). However, it was observed that the average scores for the NTUr treatment 
were close to those indicated to represent a good structural condition of the soil.

Principal components (PC) analysis technique grouped the treatments according to the 
variation of the properties studied. The NTC was associated with properties indicative of 
compaction, such as soil bulk density, penetration resistance, and water parameters (AW 
and ϴPR3.5 MPa). In contrast, NTUr was associated with increased SOC and permeability 
parameters. The physical effects, negative for NT (Li et al., 2020) and positive for 
intercropping corn and Urochloa (Cagna et al., 2023), are observed, especially in compaction 
parameters (penetration resistance, bulk density, and soil porosity parameters). Thus, the 
results of the PC analysis indicate that the adoption of corn with Urochloa intercropping 
is associated with an increase in soil quality, allowing fewer restrictions on root growth 
and better access to water, as well as improving the quality of soil pores and airflow.

CONCLUSIONS
Corn with Urochloa intercropping improved soil physical quality in the top layer (0.00 
to 0.10 m) of the Latossolo Vermelho Distroférrico in a short time, 83 days, evaluated 
by visual and analytical methods. The VESS scores were significantly correlated with 
the quantitative physical properties, showing that visual observations can guide soil 
compaction management decisions for the studied soil and anticipate soil management 
problems. Intercropping corn with Urochloa improves soil quality and is an interesting 
option for managing compacted soils in cereal production.
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