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ABSTRACT: Cover crops are important for improving soil quality. However, soil properties
usually have some spatial dependence. Thus, this study aimed to evaluate the effect of winter cover
crops on physical properties of soil and soybean yields using thematic maps. Five winter treatments
were used: black oats; intercropping 1 (forage turnips and black oats); intercropping 2 (forage
turnips, black oats and common vetch); wheat; and control. Macroporosity, microporosity, total
porosity, bulk density and water content of the soil from 0 - 0.1 m depths were evaluated after the
winter cover crop management. Soybeans were sown over the entire area in the summer after the
winter cover crop management, and the soybean yield was determined for each treatment. Maps for
each treatment were created and compared to the control treatment using the relative deviation
coefficient (RDC). The cover crops improved the total macroporosity of the soil in some regions of
the study area. The black oats were more efficient at maintaining higher water content of the soil,
and it can be used to decrease the bulk density.

KEYWORDS: soil porosity, bulk density, crop rotation.

ATRIBUTOS FiSICOS DO SOLO E PRODUTIVIDADE DA SOJA SOB PLANTAS
DE COBERTURA

RESUMO: As plantas de cobertura sdo importantes na melhoria da qualidade do solo, cujos
atributos frequentemente apresentam dependéncia espacial. Assim, 0 objetivo deste trabalho foi
avaliar o efeito de plantas de cobertura em manejo de inverno nos atributos fisicos do solo e a
produtividade da soja por meio de mapas tematicos. Os tratamentos foram cinco manejos de
inverno: aveia-preta; consércio 1 (nabo forrageiro e aveia-preta); consércio 2 (nabo forrageiro,
aveia-preta e ervilhaca comum); trigo e testemunha (pousio). Avaliaram-se a macroporosidade, a
microporosidade, a porosidade total, a densidade e o teor de agua do solo, na profundidade de O -
0,1 mapds o manejo das coberturas de inverno. A soja foi semeada em toda a area no verdo, apds o
manejo das coberturas de inverno e determinada sua produtividade para cada tratamento.
Elaboraram-se mapas tematicos para os tratamentos, os quais foram comparados com a testemunha,
utilizando-se do coeficiente de desvio relativo (CDR). As plantas de cobertura melhoraram a
macroporosidade e a porosidade total do solo em algumas regides dentro da area em estudo. A
aveia-preta foi mais eficiente em manter mais elevado o teor de 4gua do solo e demonstrou maior
potencial para reduzir a densidade do solo.

PALAVRAS-CHAVE: porosidade do solo, densidade do solo, rotacdo de culturas.
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INTRODUCTION

In a no-tillage system, the soil is not subjected to much machine traffic; however, without
overturning, surface soil compaction may occur. Soil compaction occurs because of an increase in
both bulk density and microporosity, which decrease the total porosity and, particularly, the
macroporosity (ROSA FILHO et al., 2009). Thus, the determination of properties such as density
and soil porosity is essential to the agricultural management of soil. These properties indicate
whether the soil is suitable for plant development and root exploration, as well as whether there are
compaction problems (RAMIREZ-LOPEZ et al., 2008; STRUDLEY et al., 2008).

HAMZA & ANDERSON (2005) suggested a combination of practices to reduce or delay the
problem of soil compaction. Such practices include no-tillage systems, controlled traffic of
agricultural combines, and crop rotation management, which involves plants with deep and strong
roots that are able to penetrate compacted soils. The growth of plant species can also provide the
soil with good coverage and organic matter, which improve the physical, chemical and biological
conditions of the soil and contribute to weed control. The soil coverage using plant residues and the
plant roots in the soil profile helps retain water, increase the porosity of the soil, and improve
aeration. The cover also decreases the soil density due to the organic matter effect (CALEGARI,
2006; PENTEADO, 2007).

Physical properties of soils vary over short distances. According to SCHAFFRATH et al.
(2008), this non-uniformity is most likely due to soil management systems, the chosen cultures and
the intrinsic properties of the soil (particular factors and generational processes).

Once the spatial dependence is quantified, it can be used to classify and register a soil survey
in an area. Then, the soil characteristics can be mapped for an area using interpolation methods. The
mapping of both soil properties and yields requires data on the spatial variability of the area
(GONGALVES et al., 2001).

Thus, this study aimed to evaluate the performance of cover crops during winter management
and their effect on the physical properties of soils and soybean yields based on a comparison of
thematic maps.

MATERIAL AND METHODS

This study was conducted from June 2008 to April 2009 in an agricultural area of 2.03 ha,
153 m wide and 133 m long, located in the city of Cafelandia, western Parana (24° 37' 05" S and
53° 19' 18" W), where the average elevation is 550 m. The area has subtropical and humid
mesothermal weather, with an annual average rainfall of 1,850 mm and an average annual
temperature of 20 °C. The soil was characterized as Distroferric Red Latosol (EMBRAPA, 2006),
whose composition is 92, 363 and 545 g kg™ of sand, silt and clay, respectively.

The experiment was designed to be completely random, with five treatments and six
replications per treatment (30 plots) (Figure 1). Each plot was 5.1 m wide and 133 m long. The five
winter managements were as follows: black oats (Avena strigosa), intercropping of forage turnips
(Raphanus sativus) and black oats (intercropping 1); intercropping of forage turnips, black oats and
common vetch (Vicia sativa) (intercropping 2); wheat (Triticum aestivum) and control (remained
under fallow during the winter). During the summer, soybeans (Glycine max) were planted over the
entire area.
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FIGURE 1. Sketch of the completely randomized experimental design.

According to the recommendations of Calegari (2006), the following amounts of seeds were
used: 50 kg ha™ (black oats treatment); 30 kg ha™* of black oats and 10 kg ha™® of forage turnips
(intercropping 1 treatment); and 30 kg ha™* of black oats, 8 kg ha™ of forage turnips and 15 kg ha™
of common vetch (intercropping 2 treatment). Wheat was sown with a 65 plants m™ density, and
165 kg hat of fertilizer was applied to the seeding rows using 8-20-20 NPK fertilizer as the soil
analysis required. Fertilization was not used for the other treatments. The cover crops were
managed at the full blossoming term (100 days after sowing) with a roller crimper, while the wheat
was cropped with a harvester.

Using a no-tillage system in the summer, 50 days after the management of the cover crops and
15 days after the wheat harvest, a 16 plants m™* density and 0.45 m length was used to sow the
soybeans. 2-24-16 NPK fertilizer was applied to the sowed rows at 206 kg ha™*, according to the soil
analysis and crop requirements.

Evaluations were obtained after the management of the winter treatments (50 days after the
management of the cover crops and 15 days after the wheat harvest). Two points were delimited in
each plot (strip) with a GPS (DGPS Trimble Geo Explorer 3) for a total of 60 points. At each point,
the macroporosity, microporosity, total porosity, bulk density and water content of the soil at 0 to
0.10 mdepths were obtained, according to the EMBRAPA methodology(1997).

The soybean harvest was manual and occurred separately at ten sampling points for each strip
(plot), which were delimited with stakes and guided by GPS. Each plot was divided to obtain five
points in each strip (plot). To obtain spatial variability at short distances, points were included
(using a tape measure) at 5 m distances from each one of these five points. At each of the 300
sampling points, soybean plants, which were in 1 m length of two sowing rows, were harvested.
The seeds were packaged, labeled and weighed to determine the yield, with the water content
adjusted to 13%.

The data were analyzed using descriptive and exploratory statistics and geostatistics. During
the exploratory analysis of the data, the position measurements (mean and median) of the dispersion
(standard deviation and coefficient of variation (CV)) and the form of the distribution (coefficients
of skewness and kurtosis) were calculated.

The CV values were interpreted as follows: low (homoscedasticity) when CV < 10%, medium
when 10% < CV < 20%, high when 20% < CV < 30% and very high (heteroscedasticity) when CV
> 30% (PIMENTEL GOMES & GARCIA, 2002). The hypothesis of data normality was tested by
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Anderson-Darling and Kolmogorov-Smirnov tests, with 5% significance, using Minitab 14
software. Based on the geostatistics analysis of the soybean yields, semivariograms were produced
to determine the spatial dependence of the data. Matheron’s estimator was used to estimate the
experimental semivariance function. Theoretical models fixed to the semivariograms were
spherical, exponential and Gaussian.

The experimental semivariograms were obtained by applying the adjustment methods of
ordinary least squares (OLS) to estimate parameters, such as the nugget effect (CO0), sill (CO + C1)
and range (a), by adopting the isotropic model (omnidirectional semivariogram) with a 50% cut-off
of the maximum distance. ArcView 9.2 software was used during this analysis. Thematic maps
were produced through interpolation by ordinary kriging, and the best model was selected by cross-
validation using the method of BAZZI et al. (2009).

The spatial dependence, represented by the nugget effect coefficient (E% CO0/(CO + C) x 100),
was considered robust when E% < 25%, moderate when 25 < E% < 75% and weak when
E% > 75% (CAMBARDELLA et al., 1994).

To prepare thematic maps of variables that were evaluated in each treatment, only the
sampled points in the plots where a winter treatment was implemented were considered. Then, the
sampled values at these points for the entire area were interpolated, as this treatment had been used
throughout. Thus, the same procedure was conducted for each treatment.

For the analysis of the physical properties of the soil and soybean yields, 12 and 60 sampling
points were used in each treatment, respectively, because there were six plots for each treatment.
Two points were sampled for the analysis of the physical properties of the soil, and ten points were
sampled to evaluate the soybean yields. The structure of the spatial dependence of the physical
properties of the soil was not analyzed by the preparation of an experimental semivariogram
because the sampling grid did not provide a minimum of 30 pairs of points for the semivariance
calculation, as recommended by WOLLENHAUPT et al. (1997). Thus, to prepare the thematic
maps related to the physical properties of the soil, an inverse distance interpolation was used.

For the map comparison, the relative deviation coefficient (RDC, COELHO et al., 2009; [eq.
(1)] adapted to RDCjocq1 [€0. (2)] was used, where the former shows the average difference, in
modulus, of the interpolated values of a thematic map compared to a reference map, while the latter
shows the percentage difference at each point of the interpolated values for each thematic map. In
this study, the treatments (black oats, intercropping 1, intercropping 2 and wheat) were compared to
the reference control conditions (remained fallow during the winter).
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where,

Z - estimated reference value at the location i on the reference map;

A

Z; - value at location i for treatment j (j = 1: black oats; j = 2: intercropping 1; j = 3:
intercropping 2; j = 4: wheat) on the map to be compared, and

M - the total number of interpolated locations on the yield maps.
Furthermore, linear correlation was measured through the Pearson correlation coefficient (R)

using the classification proposed by Konopatzki et al. (2012): very weak for 0 < |r| < 0.2; weak for
0.2 <|r| < 0.4; moderate for 0.4 <[r|< 0.6; strong for 0.6 < |r| < 0.8; and very strong correlation for
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0.8<[f<1.

RESULTS AND DISCUSSION

The normality of the soybean yields, all physical attributes of the soil, and symmetrical and
mesokurtic distributions were measured after the management of the winter treatments (Table 1).
Considered anomalies, the macroporosity presented a negative skewed distribution, while the
density showed a platykurtic distribution in the wheat treatment.

The CV indicated homogeneity of the data (CV < 10%) for microporosity, total porosity,
density and water content. However, for the soybean yields, 20% <CV < 30%, which is a high CV.
The results differ from ROSA FILHO et al. (2009), who obtained an average variability in CV by
studying the yields of no-tillage soybeans that had been planted after corn (in summer) and beans
(in winter) in a Distroferric Red Latosol. The macroporosity, for which the CV is considered very
high (CV > 30%), is in agreement with the results obtained by SCHAFFRATH et al. (2008), who
studied Distroferric Red Latosols under no-till conditions after planting soybeans (in summer) and
wheat (in winter).

The lowest value (1.18 kg dm®) and the highest value (1.48 kg dm®) for the bulk density
were obtained for the intercropping 1 treatment. The average values for this soil attribute were 1.33
kg dm?® (control treatment), 1.34 kg dm?® (black oats and intercropping 1), 1.35 kg dm?
(intercropping 2) and 1.37 kg dm™ (wheat), where values were close to critical, according to
REICHERT et al. (2009). The average macroporosity for all of the treatments was below 0.10 m®
m 3. The average ground water levels were 0.34 (control), 0.35 (intercroppings 1 and 2 and wheat)
and 0.36 kg kg™ (black oats).

The averages of the soybean yield after all of the treatments were lower than the average
yield of 2,337 kg ha™ in Parana, according to CONAB (2010), most likely due to the drought that
occurred in December 2008 and January 2009 (SIMEPAR, 2010). The droughts damaged the ideal
development of the soybean crops in the region where the experiment was conducted.
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TABLE 1. Descriptive statistics of macroporosity, microporosity, total porosity, density, water
content of soil and soybean yields for winter treatments of black oats, intercropping 1,
intercropping 2, wheat and control conditions.

Treatment  Minimum Mean Median Maximum S.D CV (%) Skewness Kurtosis Normal*
MACROPOROSITY (m’m™)

Black oats 0.01 0.05 0.05 0.09 0.026 49 -0.22(a) 0.28(A)  yes
intercropping 1 0.02 0.07 0.07 0.12 0.029 43 -0.33(a) 0.04(A) yes
intercropping 2 0.01 0.07 0.06 0.12 0.035 52 -0.36() -0.54(A) yes

Wheat 0.01 0.06 0.07 0.08 0.021 35 -158(c) 2.12(A)  yes

Control 0.01 0.07 0.07 0.12 0.035 48 -0.38(a) -1.05(A) yes

MICROPOROSITY (m*m™)

Black oats 048 049 049 051 0.009 2 0.15(a) -0.43(A)  yes
intercropping 1 045 049 049 054 0024 5 0.53(@) 0.88(A)  yes
intercropping 2 046 049 049 0.50 0.011 2 -1.19(@) 2.12(A)  vyes

3
3

Wheat 046 049 049 0.52 0.016 -0.51 (@) 0.57(A)  yes
Control 047 049 049 052 0.016 0.79 (a) -0.29 (A)  yes
TOTAL POROSITY (m’m®)

Black oats 051 055 0.55 061 0027 5 053(a) 1.84(A)  yes
Intercroppingl 050 056 0.56 062 0029 5 -0.16 (a) 1.97 (A)  vyes
Intercropping2 050 055 0.55 0.60 0.032 6 -0.04 (@) -0.58 (A)  yes

Wheat 050 055 0.6 059 0028 5 -1.05() 0.18(A)  yes

Control 049 057 057 0.63 0.038 7 -0.52 (@) 0.70 (A)  yes

DENSITY (kgdm™)

Black oats 126 134 134 1.40 0.039 -0.55(@) 0.36 (A)  yes
Intercroppingl 118 134 1.36 1.48 0.080 -0.39 (@) 0.36 (A)  yes
Intercropping2 127 135 134 1.41  0.037 -0.34 (@) 0.71(A)  yes

Wheat 130 137 135 1.43  0.046 0.09(@) -1.67(B) yes

Control 123 133 134 1.42  0.059 -0.54 (a) -0.34 (A)  yes

Black oats 034 036 0.36 0.38 1.252
Intercroppingl 031 035 0.34 041 2712
Intercropping2 033 035 0.35 0.36 0.734

Wheat 032 035 0.36 0.38 1.745
Control 032 034 034 0.38  1.559
YIELD (kgha™)

Black oats 857 1666 1642 2903 420 25 050() 0.31(A) yes
Intercroppingl 708 1472 1430 2333 368 25 0.22 (a) -0.47(A) yes
Intercropping2 941 1702 1710 2653 413 24 0.26(a) -0.43(A) yes

Wheat 1030 1872 1843 2971 539 29 0.20(@) -1.1(A)  yes
Control 729 1793 1756 2952 455 25 0.26 (a) -0.09 (A) yes

* Anderson-Darling and Kolmogorov-Smirnov Normality test;

Skewness - symmetrical distribution (a) positive skewness (b) negative skewness (c);
Kurtosis — mesokurtic (A), platykurtic (B), leptokurtic (C);

S.D. - standard deviation;

CV - Coefficient of Variation.

0.07 (@) -0.58(A) yes
1.20(a) 2.06 (A)  yes
-0.57 (@) 0.52(A)  yes
-0.84 (a) -0.18 (A)  yes

3
6
3
3
4
WATER CONTENT (kgkg™)
3
8
2
5
4 0.81() 0.16 (A) yes

Spatial dependence could be assessed for soybean yields (planted after all winter treatments),
which was determined in a denser sampling grid (60 points in each treatment). The maximum
distance of spatially correlated points (range; Table 2) was 14 m in the soybean Yyields
(intercropping 1) and 123 m in the wheat. Note that the degree of spatial dependence of the
soybean yields was classified as moderate (25 < E% < 75%) in most treatments (except for the
black oats treatment). These results corroborate to those obtained by ROSA FILHO et al. (2009).
The spatial distribution of the soybean yields (kg ha™*) for the winter treatments can be observed in
Figure 2.
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TABLE 2. Models and parameters estimated from experimental semivariograms of the soybean
yields for the following treatments: black oats, intercropping 1, intercropping 2, wheat

and control.
Co CotCy a E%* .
Treatment Model (nugget effect) (sill) (range) (Co/(Co+Cy))X100 Spatial Dependence
YIELD
Black oats Spherical 147570 185342 76 80 weak
Intercropping 1 Exponential 65061 139100 14 47 moderate
Intercropping 2 Spherical 53453 177503 34 30 moderate
Wheat Gaussian 219980 354450 123 62 moderate
Control Exponential 130170 212068 56 61 moderate

*E% = coefficient of nugget effect.

Different spatial dependence characteristics were observed among the treatments. Therefore,
different managements may have changed the spatial variability of the soil attributes, indicating
that the spatial variability of a particular physical attribute depends not only on factors of soil
formation but also on the management adopted, as emphasized by LIMA et al. (2009).

A map of percentages differences between each treatment and the control (RDCy¢a) Was used
for the comparison. Thus, it was possible to determine points where there was positive or negative
change from the control values, as well as the percentage of the area in which there were negative
or positive deviations or where no deviation (zero) occurred. The lowest values of soybean yields
occurred in the treatments of black oats, intercropping 1 and intercropping 2, where nearly 89, 95,
and 71% of the areas had lower yields compared to the control, respectively (Figure 3).

i ‘
13000 15333 17666  2000.0 10000 13666 17333 21000 10000 15000 20000 2500.0

& b 8

(@) Black oats (b) Intercropping 1 (c) Intercropping 2
[ B
1400.0 17333 2066.6  2400.0 1400.0 1683.3 1966.6 2250.0

N
e ‘ O # L
{ : S
(d) Wheat (e) Control

FIGURE 2. Spatial distribution of the soybean yields (kg ha*) for the winter treatments: black oats,
intercropping 1, intercropping 2, wheat and control.
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FIGURE 3. Thematic maps of RDC,c4 (percentage difference from the control) values for soybean
yields for treatments of black oats, intercropping 1, intercropping 2 and wheat.

It should be noted that cover crops used in crop rotations did not adversely influence
commercial crop yields, according to several researchers (KUBO et al., 2007; LOPES et al., 2007;
NUNES et al., 2006). This contradictory result can be explained by the timing of the treatment
management (black oats, intercropping 1 and intercropping 2), which resulted in germination and
sprouting of the cover crops in areas they were planted as winter treatments; thus, these cover crops
became weeds and competed with soybean plants in the initial term.

The development of the cover crops was rapid and non-uniform due to the weather
conditions during the winter treatment set-up. Thus, although most plants were blooming, there
were plants with seeds and physiologically mature plants when the treatments (black oats,
intercropping 1 and intercropping 2) were managed.

There were larger areas with reduced soil macroporosity in the treated areas compared with
the control. The lowest macroporosity values occurred in the wheat and black oat treatments, with
almost 77 and 86% of the area with lower values of macroporosity, respectively. Such results
disagreed with those obtained by some authors who observed an increase in the macroporosity
when using cover crops (NICOLOSO et al. 2008).

Attention should be given to the fact that these authors have worked with average values.
Although most part of the area exhibited lower values of macroporosity when compared to the
control, 42.4% (intercropping 1) and 32.7% (intercropping 2) of the areas had higher values of
macroporosity when using cover crops, up to 186% higher, as can be observed in the thematic
maps of the relative deviations (Figure 4).
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FIGURE 4. Thematic maps of RDCy (percentage difference from the control) values for soil
macroporosity for treatments of black oats, intercropping 1, intercropping 2 and wheat.
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The regions in which the lowest and the highest values of total pores occurred are presented
in Figure 5. The southwestern region is highlighted because it showed the lowest values of the total
porosity when the four treatments were compared to the control. Although all treatments showed
larger areas with negative deviations from the control (68, 80, 86, 88% of the areas for treatments
of intercropping 1, wheat, black oats and intercropping 2, respectively), some areas in the
northeastern region of the map showed the highest values of total pores when using winter
coverage plants. These data correspond with the region where the highest values of macroporosity
were found (Figure 4).
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FIGURE 5. Thematic maps of RDC,,c, (percentage difference from the control) values for the total
porosity of the soil for treatments of black oats, intercropping 1, intercropping 2 and
wheat.

The bulk density associated with the soil macroporosity is an attribute related to soil
compaction; 80.3% of the area treated with winter wheat exhibited higher bulk densities compared
to the control (Figure 6d). However, when black oats were managed, there was a reduction in the
density for half of the area (Figure 6a). The increase in the bulk density, over most of the area, was
observed for intercropping 2; this is similar to the results found by NICOLOSO et al. (2008), who
attributed the increase in the density of superficial layer of soil to lateral pressure exerted by forage
turnip roots, due to their large tap-root diameters.

The soil water content increased from 82.1 (intercropping 1) to 100% (black oats) of the area
when compared to the control. The increase in the water content was most likely due to cover crop
waste that was used to protect and retain the soil moisture. The black oat treatment is highlighted
because it had the highest water content response for 100% of the area, with an increase up to 13%
(Figure 7a) when compared to the control, whose soil was very exposed at the period of collection
(weed coverage only). Black oat plants helped maintain the water content of soil because straw
slowly decomposes due to the high C/N ratio and high lignin contents, which increase with the
development of culture (RIZZARDI & SILVA, 2006).
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FIGURE 6. Thematic maps of RDCyc4 (percentage difference from the control) values for the
density of the soil for treatments of black oats, intercropping 1, intercropping 2 and

wheat.
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FIGURE 7. Thematic maps of RDCy¢a (percentage difference from the control) values for the soil
water content for treatments of black oats, intercropping 1, intercropping 2 and wheat.

Average tests can be used to compare treatments, typically with the experimental design that
is chosen for the trial. Therefore, the data concerning the physical properties of the soil were
obtained from the analysis of variance, but there was no significance using the F test in any of the
analyses. Significant differences (classical statistics) in the physical properties of the soil using
cover crops as treatments are found for longer experiments. Thus, the thematic maps and local
coefficients of deviation (RDCyc4) €nabled us to determine the spatial distribution of the properties
in the study area, as well as compare the results with the control in the first year.

There was no significant linear correlation between the soybean yields and the physical
properties of the soil (Table 3). ROSA FILHO et al. (2009), working in a Distroferric Red Latosol,
also found no correlation between density and soybean yields, unlike ANDREOTTI et al. (2010),
who found significant linear correlations between soybean yields and macroporosity, microporosity
and bulk density ina Distroferric Red Latosol.

It was observed a weak negative linear correlation between the bulk density and
macroporosity. According to THIMOTEO et al. (2001), a porosity decrease may increase the bulk
density, decrease the water infiltration and consequently make the soil susceptible to erosion.
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TABLE 3. Pearson's correlation coefficients (r) between macroporosity (Macro), microporosity
(Micro), total porosity (TP), bulk density (BD), water content of the soil (WCS) and
soybean yields (Yield).

WCS BD Macro Micro TP Interpretation
BD -0.420* 0 <r| <0.2 (very weak)
Macro  -0.030  -0.381* 0.2 <|r] < 0.4 (weak)
Micro [70583* " -0.027 -0.185 0.4 <[r|< 0.6 (moderate)
TP 0.276*  -0.363* 0.337* 0.6 < |r| < 0.8 (strong)
Yield 0047  -0012 0015 -0.003 0.043 0.8 < [t} < 1 (very strong)

*T-test significant (o.= 0.05 level); N = 60.

There was a moderate, negative linear correlation between the density and the water content
of the soil, consistent with KIEHL (1979) and ROSA FILHO et al. (2009), who explained that a
decrease in the bulk density of the soil corresponds to a predominance of small particles with a
large capacity for water retention. A strong correlation was also detected between the macroporosity
and the total porosity, agreeing with the results obtained by SCHAFFRATH et al. (2008).

CONCLUSIONS

According to the winter treatment results, only the wheat treatment provided an increase in
soybean yields compared with the control treatment for most of the area in the first year of
management.

Different spatial dependence structures were observed among the treatments.

The cover crops improved the macroporosity and total porosity in some regions (northeast) of
the studied area.

The use of black oats as cover plants was more efficient at retaining higher soil water
contents; black oats have also shown the greatest potential to reduce the bulk density in a no-tillage
system. Inthe studied area, the results suggest this crop rotation maybe benefit soybean yields.
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