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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, Parana,
Brazil (24°54' S; 53°31' W). The average soil texture in top 20 cm was 126, 195 and 679 g kg™ 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.
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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 (Aragon 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, 0 (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 Parana (UNIOESTE, in Portuguese) Cascavel, Parana, Brazil (24°54' S; 53°31' W). The average soil
texture in top 20 cm was 126, 195 and 679 g kg™ 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 x 2 m (width x 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”', 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 (p,) and organic carbon (OC). On the same depth, samples undisturbed were collected, for determination
of the gravimetric water content (w) and soil bulk density (p;), using soil cores ring (70 mm in diameter, 24 mm
in higher).
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Figure 1. Part of the experimental plots with residues of maize and oat straw showing soil behaviour after 125
days

2.2 Organic Matter

The determination of soil organic carbon is based on the Walkley-Black chromic acid wet oxidation method as
described by Bartlett et al. (1994). The analyses were determined at the laboratory of Soil of the Cooperative of
Economical and Technological Development (COODETEC—Cooperativa de Desenvolvimento Econdmico e
Tecnoldgico, Parana-Brazil, in Portuguese). Aggregates sizes distribution, soil bulk density, particles density and
textural density were determined at the laboratory of the Agricultural Engineering course of the University of the
West Parana State (UNIOESTE, in Portuguese) Cascavel, Parana, Brazil.

2.3 Soil Water Content

Soil moisture was expressed as the water ratio, which takes into account the change in particle density due to the
change in carbon content by application of the straw oat:

vy = (B/PW Q)
where, v, is the water ratio, ps is particle density p,, is the water density, and w is the gravimetric water content.

Soils samples were dried in the laboratory and then sieved to obtain aggregates with diameter 2-3.35 mm to
measure the soil textural porosity as proposed by Monnier et al. (1973).
2.4 Soil Textural and Structural Porosity

Soil porosity was determined according to Monnier et al. (1973) as a function of pore origin. Soil porosity can be
thought of as the sum of (i) macropores (structural pores) that result from tillage, traffic, weather and biological
activity, and (ii) micropores (textural pores) that result from the arrangement of soil elementary particles.
Structural pores are subjected to short-term variations such as compaction by wheeling, whereas compaction
does not affect the textural porosity (Richard et al., 2001; Pereira et al., 2007).

It can be written:
e=¢ te 2)
where, e is the total void ratio, e, is the textural void ratio, and e is the structural void ratio.
The total void ratio can be calculated by:
e=pyps—1 3)
where, 0, is the soil particle density and p; is the soil bulk density. Particle density was determined by

pycnometry (four replicates per soil). The textural void ratio was measured as a function of soil moisture on the
aggregate fraction 2-3.35 mm using the kerosene method (Monnier et al., 1973).

Therefore, we first calculated the total void ratio using Equation (3), and then calculated the structural void ratio
using Equation (2).

Shrinkage characteristic curve of the textural volume change as function of water ratio (volume of water per unit
volume of solids) were obtained and estimated the ranges structural, normal, residual and and zero-shrinkage
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according to Tariq and Durnford (1993). We determine linear regression equation by using the "least squares"”
method at range of water ratio.

An analysis of variance was realized utilising SISVAR 5.0 (Ferreira, 2003). Comparison of means was effectuate
using orthogonal contrasts, comparing soil bulk density, structural void ratio and organic carbon as function
(maize straw and oat vs depth). Differences were considered statistically significant at P < 0.05.

3. Results and Discussion
3.1 Soil Bulk Density

Soil density decreased with the increase of straw cover in the soil (both oats and maize) in the superficial layer of
0 to 5 cm (Figure 2). Oat straw residues showed the same behavior in the depth of 5-10 cm, but in smaller
proportions. However, in the depth of 10-20 cm, the reduction of soil density was not significant. With the
increase of the maize straw in the soil, another behavior of the reduction of the soil density in the depths of 5-10
and 10-20 cm is verified. Oat straw showed greater effect than maize straw in reducing soil density at depths of 0
to 5 cm. The impact of increased straw quantity on reducing soil density at depths of 5 to 10 and 10 to 20 cm
may be influenced in part by the rate of decomposition of the straw, the time of decomposition, and the carrying
of the decomposed particles on the formation of soil structure. At these depths, the application rate of maize
mulch in the soil showed that values higher than 30 t.ha” had little effect on the decrease of soil density. On the
other hand, these values had important effects on the surface layer of 0 to 5 cm, although it indicated that the
increased mulch cover did not reduce soil density linearly with increasing soil depth. Soil structure and organic
carbon relationships following 10 years of wheat straw management in no-till, were studied by Blanco-Canqui
and Lal (2007). The results revealed that changes in soil properties due to straw mulching were mostly confined
to the upper 5 cm of the soil. Within the upper 0-5-cm soil depth, mulching decreased bulk density (p,) by
40-50%, as compared to unmulched soil.

e i 0.S em hote 1 5-10cm 1,10 1 10-20cm
ME 1,00 1,00 o e 1,00 F<CT et ,""7 L
. - ] e ] T Ty
20,90 ] - Ga g 0,90 1 ——F T 0,90 ] o
= - ® R ] 1
z 1 ~ 4 v(oat) =-0.002x + 0.993 ] » _NR=
< 0:80 1 y(oat) =-0.004x+0.978 0,80 7 R= 0.663 080 {  ylean=NS=100
5 0.70 1 Ri=0.776 0.70 ] Y(maize) =0.0003x’ - 0.0161x +1.0893 0.70 .v(maize)=0,0022x’-0,0071x+1,0155
= 1 v(maize) =-0.005x + 1.029 » g R2=0.9974 g R2=0,648
2 1 R=0.773 eM O ] eMoO i *M 0O
“ 0,60 . : . : 0,60 T A

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Straw cover (t.hal) Straw cover (t.hal) Straw cover (t.ha')

Figure 2. Soil density on the depth of 0-5, 5-10 and 10-20cm as a function of the coverage mulching of maize
straw (M) and of oats straw (O)

The results of our study, in short time, showed within this depth (0-5 cm) the decrease in soil density of 8.2%,
12.3% and 16.4%, respectively, with 20, 30 and 40 tha' oat straw cover, and 9.7%, 14.6% and 19.4%
respectively, with 20, 30 and 40 t.ha™ with maize straw cover. It can be evidenced that the maize straw favors
more the reduction of the density of the soil than the oat straw. This favoring can be attributed to the rate of
decomposition of the material as well as the C/N ratio, maintaining the soil surface more protected (covered for
longer), indicating the importance of the quality of the cover material on the soil surface. Straw left on the soil
surface decomposes slowly and replenishes the soil with cementing organic agents continuously unlike the
residues turned under (Borresen, 1999). This corroborates the better effect of maize straw than of oat straw on
soil density in the surface layer in our results, since, because of its structural characteristics, corn straw provides
slower decomposition than oat straw.

3.2 Textural Voids Ratio

For a range of water ratio lower than 0.68, there is no difference between the textural voids ratio at the three
depths (Figure 3). For water ratio higher than 0.68, the textural void ratio is lower, for the aggregates sampled in
the depth layer from 5 to 10 cm, relative to the other depths. For this water content range, a higher textural voids
ratio is obtained for the aggregates sampled in the depth layer from O to 5 cm, which corresponds to greater
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microporosity. These results can have as origin the presence of greater structural porosity by the modification of
the porous textural volume connected to soil compaction.
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Figure 3. Textural void ratio curves from aggregates of 2-3.35 mm for soil layers from depths of 0-5, 5-10 and
10-20 cm as a function of the water ratio

The curves of textural voids ratio potential (Figure 4) are composed of a phase of retreat of water
normal-aggregate saturation (sa), residual-fragile aggregates (fr) and zero-dry aggregates (strong-st), and they
were separated by a critical water ratio, the air-entry point and the limit of retreat of water as defined by
Gonzalez (1991), Tariq and Durnford, (1993), Sillon (1999). The residual state condition represents the location
along the soil-water characteristic curve and is of interest to agricultural and environmental engineers and soil
scientists. In agricultural soils, soil support capacity can be predicted, avoiding or reducing the possibility of soil
compaction, a phenomenon very damaging to the agricultural production system and to the environment, since in
this state condition, the soil aggregates resistance becomes stronger than the external loads applied to the soil, for
example, the loads of tractors and agricultural machinery. Residual water content specifies the maximum amount
of water in a soil that will not contribute to liquid flow because there is a blockage in flow paths or a strong
adsorption onto the solid phase (Luckner et al., 1989). Vanapalli et al. (1998) have shown that shear strength can
be predicted with a reasonable degree of accuracy using soil-water characteristic curves that have been
determined without considering the influence of the stress state of soil for a net normal stress variation of 25 to
200 kPa.
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Figure 4. Textural porosity from aggregates of 2-3.35 mm on dry (strong-zero to residual state condition), fragile
and saturated state characterized by the change of the air-entry point and retreat water limit, for soil layers on
depths (a) 0-5, (b) 5-10 and (c) 10-20 cm as a function of the water ratio

Note. ssl-Soil saturation line.
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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™.
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™) and 5.1%, 7.7% and 10.3% in the depth layer of 5 to 10 cm
(organic matter initial = 43.9 g dm™) Figure 5. Blanco-Canqui and Lal (2007) found for their study SOC amount
was 16.0 Mg ha™' under no straw, 25.3 Mg ha™' under 8 Mg ha™' straw, and 33.5 Mg ha under 16 Mg ha™ 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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Figure 5. Soil organic matter for soil layers on depths 0-5, 5-10 and 10-20 cm as a function of application of
maize straw and oat straw on the soil cover

Note. ns-not significant.

3.4 Structural void ratio

According to Stengel (1990), for many low volume materials, variations in the volume of the soil layer with their
water content are not detectable. For this hypothesis, assuming the total porosity independent of the water
content, or calculating its variations from those of the aggregates under the hypothesis of distribution of isotropic
contraction, one can calculate the variation of the structural porosity as a function of the humidity.

From the results of Figure 6, it can be clearly seen that both maize straw as oat straw in the soil cover had a
greater effect on the structural void ratio, on the surface layer of the soil (0 to 5 cm) than on the depth layers 5 to
10 cm and 10 to 20 cm. In the uncovered soil condition, it can be verified that the area covered with oat straw
revealed a better initial structural state than the area covered with maize straw (structural void index greater
18.34% and 36.61%, respectively, at depths 0 to 5 cm and 5 to 10 cm).

There is practically no improvement in the structural void ratio with the increase of maize straw in the depth
layer of 10 to 20 cm. However, it is verified that there was an increase in the structural porosity (even low) in
this depth with the increase of the oat straw. Following Borressen (1999) reasoning, our hypothesis is that oat
straw by its own properties produced the faster decomposition that the maize straw, in addition to forming
smaller particles in the short time. As shown by Figure 5, this soil had the highest initial structural void ratio, at
depths of 0 to 5 and 5 to 10 cm, compared to the one where the maize straw experiment was installed. Thus, the
transport of the decomposed oat straw particles may have occurred for the depth layer of 10 to 20 cm with ease,
producing structural void index growth with the increase of the applied oat straw. Aggregates with lower
wettability such as those from mulched soil were more water-stable and less dispersed than those with higher
wettability. It is believed that our study follows the hypothesis of hydrophobicity according to Chenu et al. (2000)
that the hydrophobicity of oat straw may be due to the presence of humic acids, aliphatic substances, and organic
polymers. Borresen (1999) stated that straw residues released organic acids, which serve as strong binding agents
of soil particles into aggregates. It is also evidenced that growth of the soil structural voids ratio correlated in this
study to two physical properties as: reduction of the textural voids ratio, as perceived in Figures 3 and 4c, as well
as the decrease of soil bulk density (Figure 2) probably due to the effect of the low density of the organic
compound produced by oat straw. The lower bulk density and higher aggregate density under mulched soil imply
increased porosity and improved soil structure by mulching supported by the high rate of organic carbon
concentration (Figure 5). Our results reflect those obtained in the study of Blanco-Canqui and Lal (2007) which
reported that both SOC concentration and aggregate structure were highly correlated with soil physical
properties, indicating that were strong determinant of soil structural properties.
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Figure 6. Soil structural void ratio for soil layers on depths 0-5, 5-10 and 10-20 cm as function of application of
mulching of maize straw and mulching fo oat straw on the soil cover

4. Conclusion

The mulch of maize straw and oat straw significantly reduced soil density at all depths with increasing the
amount of straw, compared to uncovered soil, except with the coverage of oat straw that reduced only at the
depths of 0 to 5 and 5 to 10cm. The lowest density was recorded in the soil surface layer with all the mulchs. 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. The lower bulk density and higher aggregate density under mulched soil imply increased porosity
and improved soil structure by mulching supported by the high rate of organic carbon concentration, reflecting
the residue mulch influence on soil structural properties.
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