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Abstract

This work aimed to evaluate the dynamics of physical and hydric attributes of a clayey Latosol cultivated with
different cover species. The experimental area was located in the Agronomic Institute of Parana (IAPAR), in the
regional hub of Santa Tereza do Oeste, Parana, Brazil. The experiment was comprised of seven cover species
also called treatments is the course of this work. Three of them were isolated summer species notably Crotalaria
Jjuncea, Crotalaria spectabilis, Cajanus cajan (pigeon pea), and the other four treatments winter species
cultivated individually or in association including Avena strigosa (Black oat), + (4vena stirgosa + Raphamus
sativus (radish), Avena strigosa + Lupinus albus (Lupin bean), and (4vena strigosa + Pisum sativum (pea). The
treatments were distributed on a completely random plots of 20 m x 25 m without replication. Soil density,
macroporosity, and saturated hydraulic conductivity were measured to follow the changes of the soil structure.
Statistical analyses showed that cover crops species did not lead to a significant improvement in soil structural
status. Soil density varied between 1.08 and 1.12 Mg m™, macroporosity from 15.22 and 16.90%, and saturated
hydraulic conductivity ranged from 28.83 to 45.07 mm h™'. Soybean grain yield were considered satisfactory in
2016 (mean = 1909.68 kg ha™) and in 2017 (mean = 3355.30 kg ha™) most probably due to the good initial
structural conditions of the soil, alongside with the good climatic conditions during the two campaigns.
Furthermore, the soybean grain yield was positively influenced by Ds which ranged from 1.0 to 1.17 Mg m™.
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1. Introduction

The soil is one of the most important resources on our planet, and its conservation has been an aspect of great
relevance for a more sustainable production. The availability of water is one of the main physical factors that
have a direct influence on the development and production of agricultural crops (Reichert et al., 2011; Serafim et
al., 2013).

Soil structure is an important property of the soil, as it affects the retention and transportation rates of water,
gases and nutrients in the soil (Zhao et al., 2016). Among the most widely used properties to evaluate soil
structure, water infiltration is one of the most important, as it integrates different factors, such as size distribution
and pore continuity, soil density, macroporosity and saturated hydraulic conductivity (Santos & Pereira, 2013).

The aim of sustainable development is to combine production with conservation of natural resources such as
water and soil, through adoption of conservationist practices, among which the cultivation cover crops (Stone
& Silveira, 2001) is particularly noteworthy cover crops play a key role in the recovery or maintenance of the
soil physical qualities, providing positive effects such as suppression of spontancous plants thus limiting the
demand for water, soil moisture conservation, nutrient cycling, and erosion control (Doneda, 2010).

The knowledge and understanding of the effects of certain cover crops on a possible improvement of soil
physical properties, such as porosity and density, is of great importance in the search for the sustainability of
agriculture. The purpose of this work was to evaluate the changes in the physical and hydric attributes of oxisols
in Parana resulting from cultivations of different cover crops, and the effects of these changes on soybean grain
yields.
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2. Material and Methods
2.1 Location and Description of the Study Area

The experiment was carried out at the Experimental Station of the Agronomic Institute of Parana (IAPAR), in the
regional pole of Santa Tereza do Oeste, Parana, Brazil.

The local relief is mildly undulating, with a mean slope of 30% in the southwest-northeast direction and 8% in
the southeast-northeast direction in relation to the geographic north. The soil of the experimental area is
classified as typical dystroferric red Latosol (Embrapa, 2013). The region is located between 53°29'37"W
longitude and 24°50'42"S longitude, and 750 m in altitude. The climate of the region according to the Kdppen
classification is mesothermal subtropical wet, with average annual rainfall of 1840 mm and relative humidity of
75-80% (IAPAR, 2000).

2.2 Experimental Design and Description of Treatments

The experimental design was completely randomized plots of 20 m in width by 25 m in length each, totaling
seven plots without replication.

The soil was not tilled and the 7 soil covering species used consisted of three summer species in isolation viz:
Crotalaria juncea (Crotalaria juncea), Crotalaria spectabilis (Crotalaria spectabilis), pigeon pea (Cajanus cajan),
and four winter species cultivated individually or in association including (i) Black oat (4vena strigosa), (ii)
Black oat + radish (Avena stirgosa + Raphamus sativus), (iii) Black oat + Lupin bean (Avena strigosa + Lupinus
albus), and (iv) Black oat + pea (4Avena strigosa + Pisum sativum).

2.3 Implantation and Crop Treatment of the Cover Species and Soybean Crop

In March 2015, the sowing of three cover species of the summer cycle namely Crotalaria juncea, Crotalaria
spectabilis, and Cajanus cajan (pigeon pea) was carried out, followed by the sowing of the winter cover species
in May 2015. The sowing of the covers was performed without any basic chemical fertilization. All species were
managed with triton in full bloom.

The soybean cultivar Vmax RR-NK7059 was planted in November 2015 and 2016 (two cropping campaigns),
spaced 0.45 m between rows and 16 seeds per linear meter within rows. The soybean management and crop
treatments followed the recommendations for the crop, requiring the application of herbicides to control weeds,
insecticides for pest control and fungicides to control diseases, mainly of Phakopsora pachyrhizi.

2.4 Climatological Assessments

Data on rainfall, temperature and monthly crop evapotranspiration that control soybean development were
collected from with field pluviometer at the IAPAR experimental station. For the calculation of the soybean
evapotranspiration, Thornthwaite method adapted by Camargo et al. (1999) based on the effective temperature
was used.

2.5 Analytical Assessments and Determinations

Undisturbed samples were collected in three layers: 0-0.1; 0.1-0.2; and 0.2-0.3 m, always considering the
intermediate depth of the target layer, using cylinders with 0.05 m in height and 0.05 m in diameter. They were
collected in triplicates at each depth in order to obtain representative samples, considering the major dispersion
of the physical attributes and preventing loss of samples during the execution of the laboratory procedures.

Soil physical parameters determined were the density, macroporosity and saturated hydraulic conductivity. For
soil density and macroporosity, a sand column was used to allow the selective extraction of water at the
pre-established voltages (Reinert & Reichert, 2006). Subsequently, the samples were weighed and saturated
again for 24 hours for the determination of the saturated hydraulic conductivity under constant load permeameter.
The calculations for the hydraulic conductivity of the soil were performed according to the methodology
recommended by Embrapa (1997).

2.6 Statistical Analysis

Soil physical-hydric attributes and soybean were submitted to an analysis of variance. A comparison of mean
values of the above soil physical-hydric parameters was carried out using Tukey’s test at 5% probability by the
program Sisvar, version 5.6 (Ferreira et al., 2011). Correlation between soybean yields and soil physical-hydric
properties were analyzed using the electronic spreadsheet of Microsoft Excel, version 16.0-Office 2016. Multiple
linear regression models and graphs were built using the program R (R Core Team, 2016).
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3. Results and Discussion

3.1 Soybean Development as a Function of Climatic Factors

Requirement in terms of rainfall, temperature and monthly crop evapotranspiration varied with the vegetative
and reproductive stages of the soybean during the two cropping campaigns (October 2015 and February 2016,
and October 2016 and February 2017) are shown in Figure 1.
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Figure 1. Rainfall, mean temperature and evapotranspiration (ETo) of the soybean crop from October to

3.2 Soil Physical-hydric Attributes

February 2016 (A) and 2017 (B)

Figure 2 (A and C) showed the Ds data for the cover species, for the 0-0.10 m layer (A) and 0.20-0.30 m layer
(C), presented discrepant points around the means and their distribution. In the 0-0.10 m layer (A), the species
black oat + lupin bean presented a variability. In the 0.20-0.30 layer (C), the species Crotalaria juncea presented
great variability, which was illustrated by the sizes of the boxes and bars and the discrepant points.
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Figure 2. Ds boxplot of 0-0.10 m layer (A), 0.10-0.20 m layer (B), and 0.20-0.30 m layer (C) for different cover
species. 1 (black oat), 2 (black oat + radish), 3 (Crotalaria juncea), 4 (pigeon pea), 5 (Crotalaria spectabilis), 6
(black oat + lupin bean), 7 (black oat + pea)

Results of the macroporosity showed a discrepancy for the 0.10-0.20 m layer (B) exhibited by Crotalaria juncea
(Figure 3), that might have influenced the saturated hydraulic conductivity, as demonstrated hereafter in Figure
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Figure 3. Macro boxplot of 0-0.10 m layer (A), 0.10-0.20 m layer (B), and 0.20-0.30 m layer (C) for cover
species. 1 (black oat), 2 (black oat + radish), 3 (Crotalaria juncea), 4 (pigeon pea), 5 (Crotalaria spectabilis), 6
(black oat + lupin bean), 7 (black oat + pea)

Discrepant points were observed regarding the saturated hydraulic concentration (Figure 4), as well as a
concentration of values close to the lowest obtained, since the rectangle, limited by the upper and lower quartiles,
was closer to the minimum value, showing asymmetry. In the 0.10-0.20 m layer (B) and 0.20-0.30 m layer (C),
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the species that presented the most discrepant points were black oat + radish; pigeon pea; Crotalaria juncea, and
black oat + pea.
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Figure 4. Ksat boxplot of 0-0.10 m layer (A), 0.10-0.20 m layer (B), and 0.20-0.30 m layer (C) for cover species.
1 (black oat), 2 (black oat + radish), 3 (Crotalaria juncea), 4 (pigeon pea), 5 (Crotalaria spectabilis), 6 (black
oat + lupin bean), 7 (black oat + pea)

The analysis of variance for Ds, Macro and Ksat for the different species of cover crops for the period 2016-2017
in the three layers are presented in Table 1.
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Table 1. Mean values of soil density (Ds), macroporosity (Macro) and saturated hydraulic conductivity (Ksat) in
the three layers as a function of different soil cover species

. Ds (Mg m™) Macro (%) Ksat (mm h™")
Cover species
2016 2017 2016 2017 2016 2017

0.0-0.10 m layer

Black oat 1.14 1.04 14.87 A 13.33 Ba 17.80 b 17.76

Black oat + radish 1.12 1.00 1391 B 19.31 Aa 22.12 ab 15.61

Black oat + lupin bean 1.09 1.11 17.79 A 13.54 Bab 27.93 ab 25.86

Black oat + pea 1.14 1.07 13.87 A 13.44 Aab 10.82b 16.02

Crotalaria juncea 1.10 1.04 1582 A 16.13 Aab 31.16 ab 9.10

Pigeon pea 1.00 1.09 18.03 A 15.31 Aab 90.31 a 55.68

Crotalaria spectabilis 1.06 1.09 1471 A 13.06 Ab 18.19 ab 45.30
‘Mean o8 1522 2883

Column DMS 0.18 5.96 72.26

Row DMS 0.12 3.90 47.23

CV (%) 7.85 18.03 115.29

Fc 1.90 2.50 0.71

Pr>Fc 0.09 0.03 0.64

0.10-0.20 m layer

Black oat 1.11A 1.10 A 15.98 17.82 15.72B 75.06 A

Black oat + radish 1.L14A  1.17A 16.82 18.29 2739 A 1393 A

Black oat + lupin bean 1.08A 1.10A 15.46 15.07 20.06 A 39.69 A

Black oat + pea 1.LI3A  1.09A 14.95 14.67 7.05 A 28.45 A

Crotalaria juncea 1.07 B 1.17 A 15.50 17.98 38.73 A 65.94 A

Pigeon pea 1.07B 1.16 A 16.53 17.38 35.72 A 29.96 A

Crotalaria spectabilis 1.07 A 1.LI3A 16.76 17.92 21.34B 89.51 A
‘Mean Lt 651 632

Column DMS 0.12 5.09 90.37

Row DMS 0.08 3.33 59.07

CV (%) 4.95 14.19 114.44

Fc 1.75 0.41 1.06

Pr>Fc 0.13 0.87 0.40

0.20-0.30 m layer

Black oat 1.09 1.06 16.35 19.6 13.14B 138.28 Aa

Black oat + radish 1.07 1.13 15.42 16.63 24.06 B 93.24 Aab

Black oat + lupin bean 1.03 1.11 18.58 14.92 73.52 A 49.63 Aab

Black oat + pea 1.07 1.06 14.99 15.54 927 A 72.48 Aab

Crotalaria juncea 1.09 1.14 16.35 17.78 2573 A 16.75 Ba

Pigeon pea 1.06 1.13 16.02 17.14 50.25 A 9.49 Ab

Crotalaria spectabilis 1.07 1.09 17.92 19.42 2440 A 30.75 Ab
‘Mean g 1691 4506

Column DMS 0.12 5.71 98.99

Row DMS 0.08 3.73 64.7

CV (%) 5.31 15.55 101.05

Fc 1.12 1.31 3.47

Pr>Fc 0.36 0.27 0.01

Note. Means of treatments followed by uppercase letters in the row and lowercase letters in the column do not
differ significantly from each other. Absence of lowercase letters in the column indicates that there was no
significant difference.
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3.2.1 Soil Density

The density is an important physical attribute of the soil that influences root development, water infiltration, and
is widely used in the evaluation of the state of soil compaction. In areas managed under no-till system (SPD), the
highest values are found in the 0.10-0.20 m layer, due to the external pressure exerted by agricultural machines
and implements (seed drills), resulting in the reduction of water flow and gas exchange in its lower layers, thus
affecting crop productivity (Lal & Shukla, 2004).

In accordance with the results presented in Table 1, Ds in the 0.0-0.10 m and 0.20-0.30 m layers did not differ
significantly between treatments and periods. As for the 0.10-0.20 layer, there was a significant difference
between the periods, of soil density and the saturated hydraulic conductivity.

The calculated values of coefficient of variation were CV = 7.85% (0.0-0.10 m layer), CV = 4.95% (0.10-0.20 m
layer) and CV = 5.31% (0.20-0.30 m layer) are values that can be considered homogeneous.

It can be noted that in the of 0.0-0.10 m and 0.10-0.20 m layers, all treatments obtained similar results for Ds,
which shows that the species used in the two growing periods did not provide significant effects due to the good
structural state of the soil (Bertol et al., 2004).

Cunha et al. (2011) evaluated the effect of different vegetation covers on soil physical attributes and did not find
differences in soil Ds after one year of cultivation with cold season cover plants in a red Latosol. However,
Lanzanova et al. (2016), during the period of higher evaluation, observed differences with higher values of Ds in
systems that include cover plants, mainly hot season plants.

Lower density values in the upper layers were observed by Genro Junior et al. (2004), in typical clayey
dystroferric red Latosol. The lower densities might have been related to the higher root density of the crops used
and the higher OM content.

It can be noted that in the 0.10-0.20 m layer, it was found that in soils planted with Crotalaria juncea and pigeon
pea there were significant differences in Ds over the periods considered. Ds rates above 1.30-1.40 Mg m™ for
soils with more than 55% clay are considered critical (Reichert et al., 2003). In fact, Reinert and Reichert (2001)
considered soil density values above 1.45 Mg m™ as critical regardless of the content of clay.

Soils with Ds values considered critical restrict the growth and development of the root system, infiltration and
transport of water, and gas exchange (Fonseca et al., 2007).

3.2.2 Macroporosity

Macropores are the results of the arrangement of aggregates, mesofauna and root action, and soil expansion and
contraction, playing a key role in the movement of gases in the soil and the flow of water: infiltration, drainage,
and solute transport (Embrapa, 2013).

Statistical analyses not showed differences between soil cover crops regarding the macroporosity at 0.0-0.10 m
depth, where the association black oat + radish differed significantly from the rest during the 2016’s campaign,
but not the following year where all the covers crops were comparable (Table 1).

In this study, it was observed that macroporosity values were more than 10% for all soil cover species, which is
considered adequate according to Seidel et al. (2015) as lower values would not secure respiratory demand of the
roots, plant growth, activity of microorganisms in the drainage and aeration of the soil and the absorption of
water and nutrients. In fact, the particularity of the soil macroporosity is to allow aeration and gravitational water
and gas diffusion. The effects of the different cover plants on the macroporosity can be attributed to the different
forms of their root systems; fasciculate in Poaceae and pivotal in Fabaceae for example.

The largest macroporosity (19.60%) was found in the soil planted with Crotalaria spectabili, a speciess
characterized by a pivotal root system. In fact, Fidalski and Tormena (2007) mentioned that a pivotal root system
promoted a higher volume of macropores. The authors justifed this result by root decomposition and higher
volume of micropores in Poaceae due to the production of very fine roots.

3.2.3 Hydraulic Conductivity of Saturated Soil (Ksat)

The Ksat is nothing more than the ability of the soil to conduct water from the upper layer to the deeper layers.
In general, it is high in the first layers, decreasing in depth, and is influenced by Ds, macro, and micro. Ksat in
all studied layers differed significantly (Table 1).

The coefficients of variation obtained were high i.e. 115.29% for 0.0-0.10 m layer, 114.44% for 0.10-0.20 m
layer, and 101.05% for 0.20-0.30 m layer. The high variation was probably due to variation in soil porosity
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derived from structural variation of the soil. Gianello and Bueno (2015) stated that CV greater than 65%
indicates high heterogeneity of this variable (Ksat) in the area.

Pereira et al. (2008) stated that Ksat behaves differently in each horizon of the soil profile, as in Table 1, where
the 0.20-0.30 m layer had a higher conductivity up to the most superficial layer for most treatments. This higher
Ksat value is associated with the higher volume of macropores in this layer.

Aimrun et al. (2004), in their studies, mentioned an increase of the Ksat associated to an increase of the macro of
the soil. Root decomposition produced continuous and more stable macropores, which favored water infiltration
and gas exchange and reduced runoff. High-density, deep-rooted species that have the ability to break up
compacted layers are preferable to form biopores, which are responsible of increasing Ksat (Yu et al., 2016).

3.2.4 Soybean Yields

The results of the analysis for soybean yield for the different treatments are shown in Table 2.

Table 2. Soybean grain yield in the 2016 and 2017 cycles in treatments involving cover species

Soybean grain yield (kg ha™")

Treatments
2016 2017

Black oat 1938.60 B 3296.30 A

Black oat + radish 1735.72 B 3097.29 A

Black oat + lupin bean 1780.69 B 3565.21 A

Black oat + pea 1617.41 B 3685.09 A

Crotalaria juncea 244091 A 2896.95 A

Pigeon pea 2065.23 B 3483.56 A

Crotalaria spectabilis 1789.23 B 3462.67 A
‘Mean 262373

Column DMS 1196.1

Row DMS 1960.15

CV (%) 32.33

Fc 0.53

Pr>Fc 0.84

Note. Means followed by same uppercase letter in the row and same lowercase letters in the column do not differ
significantly at 5% probability. Absence of lowercase letters in the column indicates that there was no significant
difference.

Crop yield is a function of several factors, such as physical, chemical and biological properties of the soil,
besides the climatic factor. During the initial stage, the soybean crop obtained a rainfall of 264.3 mm, according
to Figure 1, for the 2016-2017 cycle.

The precipitation in all months of the vegetative and reproductive cycle of the soybean at the IAPAR
experimental station was approximately 1.118 mm in the period 2015-2016 and 970 mm in the period
2016-2017.

According to Albrecht et al. (2009), and Farias et al. (2015), for a good development and productivity, soybean
requires 500-700 mm of precipitation during its cycle. Rainfall for the reproductive stage was sufficient or
enough presenting 1.118 mm and 970 for the periods studied of crop.

During the stage of reproductive development of soybeans starting at flowering (stage R1) to grain filling (stage
R5), the distribution of rain during the cycle contributed to the storage and availability of water in the soil, thus
contributing to good uniformity of water and, subsequently, an increase in productivity (Figure 1).

The soybean productivity difference between 2016 and 2017 was due to intense attack of the Asian rust that
reduced grain yield in 2016.

Grain yield per soil did not differ significantly with the cover species, good initial structural conditions of the
soil irrespective of the cover species, along with the good climatic conditions during the two soybean campaigns.

Figure 2 shows the multiple linear correlation of soybean yield as a function of Ds vs. Macro and Macro vs.
Ksat.
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Figure 2(A) shows that a significant increase in Ds (in the scale ranging from 1.0 to 1.17 Mg m~, respectively
representing the minimum and maximum values found in this experiment) and a reduction of the macro cause a
higher grain yield. Due to the close relationship with other attributes, the great majority of the research
converges to the fact that, with increasing density, there is a decrease in total porosity, macro and ksat, ionic
absorption, and the subsequent increase in micro and resistance to soil penetration (Rosa Filho et al., 2009).
Figure 2(B), a reduction of macro and Ksat contributed to an increase in grain yield.

Rend =3.681 + 1.802 Ds — 0.137 Macro Rend =5.577 — 0.129 Macro — 0.001 Ksat
R2=76% R2 =72%

Figure 2. Multiple linear correlation of soybean yield as a function of Ds vs. Macro (A) and Macro vs. Ksat (B)

4. Conclusions

The vegetation cover species did not provide a significant improvement in the soil structural status. The soybean
grain yield was positively influenced by the Ds when it ranged from 1.0 to 1.17 Mg m™.
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