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Abstract 
It is undeniable which soil management systems with intensive use of machines and with little formation of 
organic matter result in the deterioration of the soil structure. The relation among the values of organic matter in 
the soil profile as function of the quantity of residue left on the soil surface during the harvest has been little 
documented. This evaluation will be very important to provide and to apply the best optimization model of the 
soil management system. The objective of this work was to value the contribution of the mulch cover of maize 
and oat straw, applied in the soil surface at different quantities and of the soil textural porosity at the change of 
the soil structural porosity. The experiment was carried out from August to November 2005 on a Oxisol, with 
clay texture, located at the Experiment Farm of Agricultural Engineering from the UNIOESTE, Cascavel, Paraná, 
Brazil (24°54′ S; 53°31′ W). The average soil texture in top 20 cm was 126, 195 and 679 g kg-1 of sand, silt and 
clay respectively. Aggregates sizes distribution, soil bulk density, particles density and textural density and soil 
organic matter were determined at the laboratory for evaluation of the soil structural parameters. For all 
conditions: application rates, and distribution in the layers of soil depth, the cover with oat straw produced more 
organic matter and presented a positive effect faster on the soil structural voids ratio than the coverage with 
maize straw. 
Keywords: maize straw, mulch, soil cover residue, soil textural density, structural void ratio  

1. Introduction 
The excessive use of heavy machines on the tillage system is known worldwide like an important element that 
produces soil compaction that is a threat to fertility and to sustainability of the agricultural production systems. It 
is undeniable which soil management systems with intensive use of machines and with little formation of 
organic matter result in the deterioration of the soil structure.  

The soil microbiota - great number of small lively beings as ants, beetles, larvae, slugs, snails, worms, funguses 
and seaweeds - acts in the formation and in the aggregates stability and in the ciclagem of nutritious ones, being 
an indicator of the quality of the ground, feeding on organic matter originating from the remains of cultures or 
remains of animals. 

Crop production practices such as tillage residue management, crop rotation, and conservation tillage system 
influence organic matter levels in soil. The use of conservationist practices of soil management has been 
receiving great emphasis, basically, in what it refers to the maintenance and to the improvement of the physical, 
chemical and biological properties of the soil cultivated and its implications in the yield of the cultures 
(Brussaard & Faassen, 1994, Sharma et al., 2011; Pereira et al., 2018). The maintenance of the organic matter 
content, in values higher, in the soil superficial layer, principally, in the conservationist systems results from the 
accumulation of vegetable residues (mulch). The presence of residues in the soil surface protects the ground 
against the erosion and increases its capacity of support (McGregor et al., 1990; Boiffin & Monnier, 1994), 
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absorbs part of the energy of compaction produced by the traffic of machines and animals (Aragón et al., 2000) 
and changes its physics conditions (temperature, water content and oxygen) necessary to germination (Richard & 
Boiffin, 1990; Shinners et al., 1994). According to Barral et al. (1998), among others elements, such as 
aluminium or iron oxides, colloidal silica or calcium carbonate, the organica matter has role important as 
cimenting particles to form stable aggregates whoch spatial arrangement largely determines the complementary 
porous volume of the soil, and thus influences mass- and energy-transfer properties, while the interparticular 
unions condition the soil strength. In this sense, several authors (Guérif, 1979; Gupta et al., 1987; Zhang et al., 
1997; Annooussamy, 1999; Barzegar et al., 2000) researched the influence of the incorporation of cultures 
residues, such as wheat, corn and sugar-cane in the soil, on the reduction of the soil compaction. However, the 
relation among the values of organic matter in the soil profile as function of the quantity of residue left on the 
soil surface during the harvest has been little documented. This evaluation will be very important to provide and 
to apply the best optimization model of the soil management system. The intensive mechanization and its use in 
unsuitable conditions, has been altering the soil physical characteristics in variable degrees. The principal 
alterations are shown up by modifications in the values of soil bulk density, total porosity, distribution of the 
diameter of the pores and structural porosity, aggregation and organic matter (Eynard et al., 2006).  

The literature has been showing also the importance of the distribution of size of pores by characterization of the 
evolution of the soil (Richard et al., 2001), capacity of retention of water (Fox et al., 2004) as well as they are 
used to describe effects of the management of the soil agricultural (Lipiec & Hatano, 2003) and widely 
influenced by the soil aggregates (Lipiec et al., 2007). Tariq and Durnford (1993) presented shrinkage data as a 
curve of void ratio, e (volume of voids per unit volume of solids), against the water ratio, ∂ (volume of water by 
volume of solid). Different stages of shrinkage can be identified and the extent of each depends inter alia upon 
whether the soil is poorly or well structured to saturation. Generally, there are four distinct shrinkage ranges that 
can be distinguished in a typical shrinkage characteristic curve and all four ranges are not always present. These 
ranges are generally referred to as (a) structural, (b) normal, (c) residual and, (d) zero-shrinkage. In structural 
range, large water-filled pores may be emptied without the accompanying equal soil volume change. In the 
normal shrinkage range, the volume decrease of the soil is equal to the water loss and the volume of the air 
remains constant. In the residual shrinkage range, the water loss exceeds the soil volume change, resulting in an 
increase in air-filled pores. In the zero-shrinkage range, there is no further decrease in the soil volume and 
moisture loss is due to pore drainage. The relative extent of the different shrinkage ranges varies for different 
soils (Parker et al., 1977). Whereas extended structural and normal shrinkage ranges may be present in highly 
swelling soils, only a limited normal shrinkage range may be present for low and moderately swelling soils 
(Tariq & Durnford, 1993). However, the quantitative and qualitative contribution of the straw of culture left on 
the soil surface in aid of the soil structure and of the reduction of the soil compaction has been little studied. 

The objective of this work was to value the contribution of the mulch cover of maize and oat straw, applied in 
the soil surface at different quantities and of the soil textural porosity at the change of the soil structural porosity. 

2. Method 
2.1 Location, Soil Classification and Experimental Design 

The experiment was carried out from August to November 2005 on an Oxisol, FAO/UNESCO classification 
(1988), with clay texture, located at the Experiment Farm of Agricultural Engineering from the State University 
of Western Paraná (UNIOESTE, in Portuguese) Cascavel, Paraná, Brazil (24°54' S; 53°31' W). The average soil 
texture in top 20 cm was 126, 195 and 679 g kg-1 of sand, silt and clay respectively. The mean annual air 
temperature, precipitation and air relative moisture were 21 °C, 1940 mm, 75%, respectively. Surface slope were 
< 0.5% at the field site, and thus soil erosion was negligible. 

Soils sampling disturbed were collected before experiment installation, for characterization of the physicals, 
textural and organics properties of the soil.  

It was used four applications with treatments of maize straw (Zea mays L) and oat straw (Avena sativa) were 
arranged in four randomized complete block design with four replicates and 1.5 × 2 m (width × length) plots, 
separated by wooden planks (Figure 1). Three blocks have application of the oat straw and maize in ratios of 20, 
30 and 40 t ha-1, respectively. The witness was formed by the 4th block used without straw. After 125 days, 
samples disturbed were collected in the 0-5 cm, 5-10 cm and 10-20 cm depth, for determination of the textural 
density (t) and organic carbon (OC). On the same depth, samples undisturbed were collected, for determination 
of the gravimetric water content (w) and soil bulk density (s), using soil cores ring (70 mm in diameter, 24 mm 
in higher).  
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The textural pore space results from the organization of elementary soil particles. It is mainly affected by the soil 
water content and by the nature and proportions of clay, organic matter, and Fe and Al oxides. Similarly, 
mechanical strength of 2-3 mm aggregates only depends on the packing and cementing of the elementary 
particles (Barral et al., 1998). 

The textural voids ratio curves for the depth of 0-5 cm (Figure 3a) indicate air-entry point and water-entry on the 
water ratio, respectively, of 0.7 and 0.5. At the depth of 5-10 cm, the textural air-entry point and water-entry 
occur in the water ratio, respectively, of 0.8 and 0.4; while at the depth of 10-20 they occur respectively at 0.8 
and 0.5 (Figures 4b and 4c). Considering the soil characteristics, still without incorporation of straw, both maize 
and oats, in this condition, there is no protection of the organic matter within the soil in the structure of the 
aggregates. For the water ratio above the air-entry point, it can be assumed that the probability of water films 
isolating retained air volumes increases with the water content (Gonzalez, 1991). These volumes of air would be 
at the origin of the residual volume of structural voids along the textural saturation line or of aggregates (sa). On 
the other hand, for the water ratio below the air-entry point, since the aggregates are no longer saturated (fragile 
aggregates line-fr), these films can no longer form, causing the air to escape during compression and a zero void 
structural ratio is achieved.  

3.3 Soil Organic Matter 

The regression analysis showed a significant increase of the soil organic matter formed of oat straw with the 
increase of the application rate in all the depths of the soil. Significant (p < 0.005) increase of organic matter was 
also observed with formation of application rates of maize straw only at depths of 0 to 5 and 5 to 10 cm (Figure 
5). The data also show that organic matter increase, produced with oat straw decreased linearly on depths of 0 to 
5 and 5 to 10 cm, while in the depth of 10 to 20 cm, the organic matter increased with the square of the 
application rate of straw. Oat straw provided an increase of organic matter in the soil surface layer (0 to 5 cm) 
with respect to the 5 to 10 cm layer, of 7.2%, 8.6% and 9.9% respectively for the covers 20, 30 and 40 t ha-1. 
Regression analysis also revealed that organic matter increased significantly with increasing application rate of 
maize straw at depths of 0 to 5 and 5 to 10 cm. There was no significant difference in soil depth of 10 to 20 cm. 
The increase of organic matter produced by the cover of maize straw in relation to the initial value contained in 
the soil was of 2.2%, 14.7% and 35%, respectively, with application rates of 20, 30 and 40 t ha, in the topsoil (0 
to 5 cm, organic matter initial = 47.02 g dm-3) and 5.1%, 7.7% and 10.3% in the depth layer of 5 to 10 cm 
(organic matter initial = 43.9 g dm-3) Figure 5. Blanco-Canqui and Lal (2007) found for their study SOC amount 
was 16.0 Mg ha-1 under no straw, 25.3 Mg ha-1 under 8 Mg ha-1 straw, and 33.5 Mg ha-1 under 16 Mg ha-1 straw 
in the 0 to 10-cm depth. Below 10 cm, differences in SOC between mulched and unmulched soil were not 
significant. Research conducted by Pereira et al. (2018) on four cropping systems show tendency of better 
distribution of organic carbon in the layer 0 to 10 cm in cultivation systems in the short term option (no-tillage 
four years) . Results also reveal that organic matter tends to decrease strongly in the 10 to 20 cm layer over time 
in the no-tillage system. 

Our study shows that for all conditions: application rate and distribution in the layers of soil depth, the cover 
with oat straw produced more organic matter and presented a positive effect faster on the structural properties of 
the soil than the coverage with maize straw.  

Research conducted by Mupangwa et al (2013) showed that Soil organic carbon increased with time in all tillage 
systems and more SOC gained in planting basins. Soil bulk density decreased with time in all tillage systems 
irrespective of mulch quantity applied. Results of this research show that the soil density decreased in all the 
layers with both the mulch of the oat straw and with the mulch of maize straw (Figure 2) in both with the mulch 
quantity applied, except with the coverage of oat straw which showed no significant difference in the depth layer 
of 10 to 20 cm. 
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