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ABSTRACT

The direct sowing system is characterized by minimum soil rotation and maintenance
of vegetal residues in cover. However, incorrect management excessive traffic of
machines have caused the emergence of compacted layers, which can cause decrease
of crop productivity. The objective of this work was to evaluate the soil parameters
and maize crop yield after management with different performance depths of
fertilizer shanks, associated to the cultivation of winter coverage plants, in compacted
Latosol, conducted in a direct sowing system. The experiment was carried out in two
agricultural years (2013/2014 and 2014/2015), in a dystroferric Red Latosol, with a
very clayey texture. The experiment was conducted in a randomized complete block
design, with treatments arranged in the strip scheme, with two factors and four
replications, totaling 32 experimental units. The main treatments were composed by
the combination of four performance depths of fertilizer shank (0.065, 0.095, 0.125
and 0.150 m) in the corn sowing process and the secondary ones by the cultivation of
two winter coverage plants (black oats and turnip forage). The use of coverage plants
and performance depths of the shank, among themselves, did not change the
parameters of soil density and porosity, in the intercrop line. The final population of
plants, seedling emergence speed index and maize production components did not
vary as a result of the performance depth of the shank.
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1 INTRODUCTION

Corn is among the major cereals grown around the world, providing products
that are used for human and animal food and raw materials for the industry, mainly
due to the quantity and quality of the reserves accumulated in grains (Alves et al.,
2015).

Aiming at the sustainability of agricultural production areas, over time, there
have been changes in cropping systems, where conventional management has
gradually been replaced by the current direct sowing system (DSS), or even no-tillage,
which is considered one of the main techniques of conservation management, mainly
for the maintenance of soil cover with vegetal residues, species diversification through
rotation, succession and/or consortia of crops, minimum rotation in the sowing line,
savings in production costs and productivity increase (Almeida et al., 2018).

However, with the awakening of an intensive agriculture, in which the traffic of
machines in agricultural areas is frequent and the cultivation is carried out much
more respecting a temporal planning than aiming at the conservation of edaphic
resources, the problem of compaction has been showing its compromising effects to
the physical quality of soil and also to the development of annual crops conducted on
DSS (Blanco-Canqui et al., 2018).

An alternative to try to minimize the possibility of loss of productivity caused by
the increase of soil compaction is to increase soil mobilization in the sowing line by
increasing performance depth of fertilizer shank, which minimizes the level of soil
attribute stratification (Nunes et al., 2014).

Another option is the implantation of cover crops, which have a massive and
deep root system, with characteristics that cause improvement in the structural
quality of soil and at the same time, perform its decomposition (Tokura et al., 2017).
However, this practice usually presents itself as an efficient alternative in the medium
and long term. Thus, there is a growing demand to evaluate the practical feasibility of

mechanical intervention in the minimization of Latosol compaction with very clayey
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texture, grouped with management with winter cover crops in a direct sowing system,
aiming at the maintenance or even the increase of maize productivity.

The objective of this work was to evaluate soil parameters and maize crop yield
after the management with different depths of the fertilizer shanks, associated with

the cultivation of winter cover crops, in a compacted Latosol, conducted in direct

sowing system.

2 MATERIAL AND METHODS

The experiment was conducted during two crop harvests (2013/2014 and
2014/2015) in a dystrophic Red Latosol (Embrapa, 2013), with a very clayey texture
(76.0% clay, 21.7% silt and 2.3 % sand).

The region climate is Cfa type, subtropical humid (Alvares et al., 2013). The area
is located in the southwest of Parana state, with an average elevation of 760 m and a
maximum slope of 3%. The mean temperature, as well as the rainfall and
evapotranspiration of maize crop, calculated according to Thornthwaite's (1948)

methodology, during two years of the experiment, can be visualized in Figure 1A and

1B.

Figure 1 - Rainfall (mm), evapotranspiration (Etc) and temperature (°C) at the

development stages of corn crop, in harvests 2013/2014 (A) and 2014/2015 (B)
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Source: Instituto Agrondmico do Parana (IAPAR).
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The experimental design adopted was a randomized block, with treatments
arranged in bands scheme with two factors (4x2) and four replications, totaling 32
experimental units, each with 52.5 m? (3.5 m x 15.0 m). The treatments consisted in
the combination of four performance depths of shank (0.065, 0.095, 0.125 and 0.150
m) in the corn sowing process, with cultivation of two winter coverage plants (black
oat and forage turnip).

The chemical characterization of soil was carried out by means of random
composed collection of soil, with soil tracer, in depths of 0.0-0.10 and 0.10-0.20 m.
These were processed in the Laboratory of Soil Analysis of UTFPR and the results

obtained are detailed in Table 1.

Table 1 - Soil chemical analysis at depths of 0.0-0.10 m and 0.10-0.20 m

M.O. P K Al Ca Mg Vv
Depth (m) pH CaCl; CTC (g kg) (mg dm3) (cmol. dm3) (%)
0.0-0.10 5.5 15.54 53.0 21.8 167.0 0.0 5.9 3.7 65.3
0.11-0.20 5.3 14.99 40.0 14.5 123.0 0.0 5.4 3.3 60.0
Average 54 15.3 46.5 18.1 145.0 0.0 5.6 3.5 62.6

Methodologies: organic matter (O.M.) by wet digestion; P, K extracted with Mehlich-1 solution; pH in
CaCl; 1:2,5; exchangeable Ca, Mg and Al extracted with KCl 1 mol L.

The Latosol compaction management was accomplished by means of two
passes of the tractor tires, in the same trace, until compacting the entire area of the
experiment. A New Holland® TL75E 4x2 TDA tractor (front-wheel drive) with a total
load of 4,630 kg, standard 12.4x24 diagonal front tires and 18.4x30 rear tires, coupled
to a sray jat Jacto, AM-12 (250 kg) 600 liters of water, totaling a mass of 5,480 kg.

After soil compaction, sowing of coverage plants was carried out, with 100 and
16 kg ha-1 of black oats and forage turnip, respectively. When the turnip and oat
crops reached the phenological stage of full bloom and beginning of grain filling, the

spraying of Glyphosate at the dose of 3.0 L ha-1 was carried out in order to cause
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senescence of winter crops and to allow the successive implantation of summer
culture. After desiccation, the winter cover crops were managed with a straw crusher,
in order to avoid packing the seedling lines when sowing the corn crop.

The corn hybrid used was Dekalb 240, with sowing density of 80,000 ha-1 seeds
and line spacing of 0.7 m. Fertilization was performed at the time of sowing with 400
kg ha-1 of the formulation (8-20-15) and a further 99 kg ha-1 of N under cover when
the majority of plants reached the development stage V4 on the phenological scale.

For the crop implantation, a precision seeder-fertilizer was used, of brand
Vence Tudo®, model SM 7040, with five rows, configured with a smooth cutting disc of
0.381 m in diameter; trencher for manure-type fertilizer with tip of 0,025 m wide and
22° of attack angle; grout for seed deposition of doubled-disc type; controlling flat
wheels depth and seed press wheel of convex type of rubber.

For total soil density and porosity, samples were collected in layers of 0.04 -
0.07 and 0.12 - 0.15 m depth, with volumetric rings 3 cm high and 5 cm in diameter.
Soil density (SD) after compaction was 1.20 Mg m-3, and total porosity (TP) was 0.57
m3 m-3, in the said layers. The results were obtained through the processing of
samples according to the methodology described by Embrapa (2017).

Seed depth was determined at 20 days after sowing, and 30 plants were
removed in each experimental unit. With the aid of a pruning shear, the corn was cut
to the ground, and with a spatula the part buried in the ground was removed,
measuring the length of mesocotyl to the seed.

The evaluation of final population of plants was carried out in the physiological
maturation of the same, considering the existing plants in five meters of each of the
three central lines of sowing, being the result extrapolated per hectare.

To determine the number of rows of grain per cob, the total number of rows of
grains contained in 10 cobs, randomly collected in each experimental unit, was
measured. The number of grains per row was obtained by means of the grain
measurement arranged in rows of 10-grain cobs. For the number of grains per ear,

the mean number of grains contained in 10 cobs was determined.
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In relation to the thousand grains weight was determined by the average of four
sub-samples containing 100 grains collected in the cobs harvested randomly in the
experimental units. For the final yield, all the cobs contained in the plants were
harvested in 5 linear meters in the three central lines of each plot. The total grains
weight was oven dried and moisture corrected to 13%. Subsequently, these data were
extrapolated to the area referring to one hectare.

The obtained data were submitted to analysis of variance to verify the effects of
performance depth factors of shank and soil cover plants and their interaction, using
the statistical program GENES (Cruz, 2013). When the F test presented a significant
value (p<0.05) of probability, the means were compared by Tukey's test (p<0.05) for
qualitative factors (winter cover plants). The polynomial regression test was applied
for quantitative factors (performance depth of shank), with models selected by the

criterion of greater R2 and significance (p<0.05) of the equation parameters.

3 RESULTS AND DISCUSSIONS

For variable soil density, it was seen that in the first year of experiment, there
was a significance for performance depth of shank with the cover plant species, in
0.12 to 0.15 m depth layer (Table 2), but no regression model fit the observed data.

Soil density averages after application of management with cover plants and
performance depths of shank were 1.07 and 1.09 Mg m3, in the 0.04 - 0.07 m depth
layer, in the first and second year of experiment, respectively. In the 0.12 - 0.15 m
layer, the average density was similar in the first and second year of experiment (1.15
Mg m3).

According to Klein (2012) the density in cultivable soils varies depending on the
texture and organic matter content. In general the critical values for root development
are 0.9 to 1.8 Mg m?3. In general, after growing coverage plants, the soil density
appeared to be below the level considered as restrictive to maize crop development,

since Derpsch et al. (1991) developed a survey in the period 1977 and 1984 on soil
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cover and preparation systems, in a very clayey Latosol, assert that apparent densities

of less than 1.20 Mg m- probably do not cause rooting crop problems or aeration.

Table 2 - Sources of variation (SV), degrees of freedom (DF) and mean squared of
density soil parameters (SD) and total porosity (TP), at two sampling depths (0.04 -
0.07 m) and (0.12 - 0.15 m), in harvests 2013/2014 and 2014/2015, due to shank
performance depth (Dep.) and soil cover plants (Cov.)

Crop 2013/2014
sV DF SD TP SD TP
0.04 - 0.07 (m) 0.12-0.15(m)
Block 3 0.0043 0.0004 0.0014 0.0016
Dep. 3 0.0050 0.0011 0.0040* 0.0004
Error (a) 9 0.0013 0.0005 0.0005 0.0003
Cov. 1 0.0006 0.0007 0.0006 0.0002
Error (b) 3 0.0004 0.0004 0.0029 0.0009
Dep x Cov 3 0.0011 0.0005 0.0029* 0.0028
Residue 9 0.0019 0.0008 0.0004 0.0008
Average 1.0723 0.6378 1.1536 0.6083
CVe (%) 4.08 4.50 1.78 4.59
Crop 2014/2015

Block 3 0.0031 0.0003 0.0015 0.0007
Dep. 3 0.0031 0.0011 0.0027 0.0009
Error (a) 9 0.0033 0.0017 0.0018 0.0007
Cov. 1 0.0001 0.0000 0.0003 0.0004
Error (b) 3 0.0003 0.0022 0.0025 0.0004
Dep x Cov 3 0.0011 0.0029 0.0018 0.0006
Residue 9 0.0014 0.0023 0.0024 0.0003
Average 1.0993 0.6312 1.1584 0.6137
CVe (%) 3.39 7.62 4.24 2.82

*: Significant (P<0.05). CVe: coefficient of residual variation.

It is possible to affirm that black oats and forage turnip during their development
do not have, among themselves, different capacity to change soil density after the
compaction generated by machine traffic. This statement supports the research
developed by Mazurana et al. (2013) which verified that there was no change in sail
density, independently of the evaluated layer, as a function of the soil cover condition
(fallow and oats + vetch). Similar results were obtained by Silveira Junior et al. (2012),

which analyzed the physical quality of a Red Latosol under no-tillage went to mechanical
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decomposition (scarification) and biological decomposition (forage turnip), verified that
the soil physical attributes were not altered by the use of coverage plants.

Likewise, the variation in performance depth of the shank was not able to change
the soil density in the evaluated layers. However, it is important to point out that the soil
density samples were collected between the sowing lines of the corn crop. Nunes et al.
(2014) affirm that sowers equipped with shanks have limited soil mobilization capacity,
being restricted to the sowing line, thus not influencing the soil density in the interline.

For the total porosity (TP) parameter there was no significance in any of the
treatments (Table 2). The mean TP value in the layer was 0.04 - 0.07 m in the two years of
evaluation was de 0.63 cm? cm3, and for the layers of 0.12 - 0.15 m, in the two crops, TP
was 0.61 cm?® cm3. Silva et al. (2011) obtained similar results when evaluating the
contribution of phytomass by succession of cover crops and their influence on soil
physical attributes in no-tillage. The authors found that total porosity values increased in
the superficial layer as a function of cover crop, concluding that no-tillage system with
continuous straw contribution minimizes soil compaction.

The sowing depth was not significant for the interaction of the factors tested,
however, the performance depth of shank and the types of cover plants influenced the

same isolated form (Table 3).

Table 3 - Sources of variation (SV), degrees of freedom (DF) and mean square of depth
of sowing character (PS), in harvests 2013/2014 and 2014/2015, as a function of
performance depth of shank (Dep.) and soil cover plants (Cov.)

Crop

SV DF 2013/2014 2014/2015
Block 3 0.008 0.121
Dep. 3 1.406% 1.123*
Error (a) 9 0.339 0.152
Cov. 1 0.291* 0.080
Error (b) 3 0.011 0.158
Dep x Cov 3 0.296 0.011
Residue 9 0.507 0.155
Average 5.487 5.850
CVe (%) 12.97 6.73

*: Significant (P<0.05). CVe: coefficient of residual variation.
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In relation to coverage plants, black oats was found to have a 3.6% higher
sowing depth in relation to the forage turnip crop in 2013/2014 harvest, with mean

values close to 0.055 m in both treatments (Table 4).

Table 4 - Corn sowing depth (m) as a function of soil coverage plants, in harvests
2013/2014

Sowing Depth (m)
Treatments g oep

Crop 2013/2014
Black oat 0.056 a
Forage turnip 0.054 b
Average 0.0548

Averages followed by different lowercase letters in the column differ by Tukey test (P<0.05).

Regarding the performance depth of shank, in the first year of experiment
there was no adjustment of the regression model, presenting an average value of
0.055 m. In harvest of 2014/2015, it is noted that every 0.01 m increase in
performance depth of fertilizer shank occurs an increase of 0.0009 m in the depth of
corn seed deposition. This result is likely to be associated with higher soil mobilization
generated by shank deepening, since a larger volume of soil upturned in the sowing

line tends to generate lower support of the seedling depth limiting wheels (Figure 2).

Figure 2 - Corn sowing depth (cm) as a function of performance depths of fertilizer

shank in harvest of 2014/2015: Significant (P<0.05)
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The sowing depth is a limiting factor that will influence the performance of the
crop, since if the seed is improperly deposited in the soil, the limitation of plant
development may occur in later stages of growth due to the conditions of
temperature, light and humidity (Gazola et al., 2014). Fattahi et al. (2015) evaluating
different sowing depths in the corn crop, is recommended that in order to have a
good development and growth of the root system, corn seeds should be sown around
0.05 m of soil depth.

Among the essential factors for seed germination is the moisture content and
soil temperature. In this regard, Silva et al. (2015) analyzing the emergence of corn
plants according to sowing depth (0.02 to 0.08 m), in clayey Nitosol, it was found a
higher emergence speed and total emergence of plants at seeding depths of 0.06 and
0.08 m. The authors state that these results were probably favored by the higher
water content in the soil, in that layer.

It is also known that greater depths of sowing, can cause fall in productivity of
the corn crop, in a period without rainfall. Koakoski et al. (2007) affirm that the greater
the deposition depth, the greater the energy consumption in emergency, besides
damages caused by low temperatures and low oxygen levels, even the seeds being
susceptible to attack by pathogens and pests and also by surface sealing.

The performance depth of shank significantly influenced the final population of
plants (Table 5), but there was no adjustment of the data to the regression models
tested. It is also noted that the averages presented for the 2013/14 and 2014/15 crops
were 71,430 and 74,710 plants ha-1, respectively. Similar results were obtained by
Bertonha et al. (2015) when analyzing 5 performance depths of shanks and three
attack angles, in Red Latosol with 47% of clay. The authors found that even though
there was greater soil mobilization due to the greater performance depth of shanks,
the final population of plants remained with approximately 70,000 plants ha™'.

The number of grain rows per ear (NRE) did not present significance as a
function of the performance depth of shanks and cover plants, with a mean value of
15.18 and 14.25 in the 2013/14 and 2014/15 harvests, respectively. Analyzing the

agronomic characteristics of three corn crops conducted in direct sowing and
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minimum tillage, Bertolini et al. (2008) did not verify NRE variation as a function of soil

management treatments, and the values oscillated between 13,84 and 14.78.

Table 5 - Sources of variation (SV), degrees of freedom (DF) and mean square of the
characters final population of plants (PF), number of grains rows per ear (NRE),
number of grains per row (NGR), number of grains per ear (NGE), a thousand grains
weight (TGW) and corn yield (CY), in harvests 2013/2014 and 2014/2015, as a function
of the performance depth of shanks (Dep.) and soil cover plants (Cov.)

SV Crop 2013/2014

DF PF NRE NGR NGE TGW cy
Block 3 34.58 0.138 1.30 591.70 195.79 1.243
Dep. 3 35.77* 0.355 1.61 644.35 1989.08 3.544
Error (a) 9 7.42 0.272 1.93 863.48 1088.98 2.128
Cov. 1 30.77 0.003 1.40 284.05 145.78 2.787
Error (b) 3 30.85 0.459 5.93 2449.85 768.84 1.692
Dep x Cov 3 9.34 0.050 1.64 340.98 208.35 1.187
Residue 9 8.83 0.439 2.35 1110.36 732.43 1.653
Average 71.43 15.185 32.07 487.15 316.70 10.577
CVe (%) 4.16 4.36 4.78 6.84 8.55 12.16

Crop 2014/2015

Block 3 24.33 0.010 0.082 61.81 460.00 1.367
Dep. 3 86.77* 0.050 4.191% 793.28 830.00* 14.846*
Error (a) 9 16.58 0.207 0.927 253.41 150.00 1.195
Cov. 1 3.37 0.020 3.906 1172.01* 1080.00 1.754
Error (b) 3 5.92 0.043 0.359 51.89 360.00 0.283
Dep x Cov 3 6.54 0.323 0.787 1031.85 29.00 3.276%
Residue 9 15.92 0.289 0.947 768.68 210.00 0.597
Average 74.71 14.250 38.138 543.47 360.38 10.293
CVe(%) 5.34 3.77 2.55 5.10 4.03 7.51

*: Significant (P<0.05). CVe: coefficient of residual variation.

In the 2013/14 crop, the number of grains per row (NGR) did not show
significant variation as a function of the coverage plants and shanks, with an average
of 32.07. In the 2014/15 harvest, the NGR was significant only for the performance
depth of shanks, however, there was no adjustment of regression model to the
observed data set, presenting an average value of 38.13 grains per row. Such data
supports those obtained by Lazaro et al. (2013), which evaluated the yield
components of corn in succession to the cultivation of green manures, did not obtain

a significant difference in NGR data.
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This NGR result is not significant due to the application of treatments, probably
due to the fact that soil presents high levels of macronutrients and organic matter. In
addition, rainfall was superior to crop evapotranspiration throughout the corn
development cycle, which may suppress a possible positive effect of treatments on
this parameter (Figure 1A and 1B). Cherubin et al. (2014) analyzing the crop agronomic
performance in succession to soil cover species conducted in direct sowing verified
that NGR when cultivated on forage turnip, ryegrass and black oat residues did not
differ among them.

In harvest of 2013/14, the variable number of grains per ear (NGE) showed no
significant difference for any of the treatments, with a mean of 487.15. Already, in
harvest of 2014/1, the management with winter cover crops caused a significant
result, in which NGE was higher when corn was cultivated in the area with black oat

residues (Table 6).

Table 6 - Number of grains per ear (NGE) as a function of the soil coverage plants, in

harvest of 2014/2015
Treatments Number of grains per ear
Crop 2014/2015
Black oat 549,52 a
Forage turnip 537,42 b
Average 543,47

Averages followed by different lowercase letters in the column differ by Tukey test (P<0.05).

The higher NGE obtained in black oat succession compared to forage turnip
may be associated with corn crop being sown 37 days after desiccation of winter
crops, allowing better synchronization in the use of N released by the culture of black
oats in relation to the turnip forage. Crusciol et al. (2008) evaluating the release of
macronutrients from the black oat straw verified that after 35 days of oat desiccation,
more than 45 kg of N (64%) had already been released, and the crop had an average
yield of 2,953 kg ha™' of dry matter, without application of basic fertilization.

With regard to the variable thousand grains weight (TGW) in harvest of 2013/14,

it did not respond significantly to the treatments with plants of soil cover and
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performance depths of shank, presenting average value of 316,70 g. On the other hand, in
harvest of 2014/15 TGW presented a significant result for the performance depths of
fertilizer shank, but no significant adjustment was observed for any regression model
tested, with a mean value of 360.38 g. These results corroborate with those presented by
Conte et al. (2009), where working with corn yield at two performance depths of shank
(0.06 and 0.12 m) were also not significant for corn productivity.

Forte et al. (2018) working with soil cover crops in agricultural crops describe that
corn grown in the area after winter coverings with turnip + vetch in the direct sowing
system are higher in relation to conventional tillage management, the same authors still
mention that corn TGW yield component, resulted in an increased final productivity.

For corn yields (CY) only in the second year, there was significance for the interaction
between the factors tested, however, no regression model was fitted to the data, with an
average of 10,293 kg ha™. Debiasi et al. (2010) analyzing the yield of soybeans and corn
after winter cover and mechanical decompression of soil, found that the cultivation of
black oat and forage turnip, in relation to the fallow, provided higher productivity of crops
in dry season. The authors also found that the different performance depths of fertilizer
shank (0.06 and 0.12 m) did not cause a change in corn productivity during the two years of
evaluation. Similar results were found by Tricai et al. (2016) evaluating that corn yield in
terms of three performance depths of shanks (12:09; 12:11 and 12:15 m) found no
significant difference in Latosol with 48% clay.

Seki et al. (2015) studying the effect of decomposition practices in Nitosol (60% of
clay) by means of subsoiling at 0.40; 0.30 and 0.20 m depth, before winter and summer
crop sowing, and by crop no-tillage with rod-like and double-disc grooving mechanism, did
not observe any change in the development and productivity of corn crop.

It is assumed that failure to obtain significant productivity results as a function
of management with different performance depths of shanks may be associated with
high macronutrient and organic matter content available in the soil, as well as regular
rainfall and in amount higher than the crop evapotranspiration occurred during the
whole development period of corn crop, in the two years of experiment (Figures 2A e

2B).
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4 CONCLUSIONS

The use of coverage plants and performance depths of shanks were not
effective in modifying the parameters of soil density and porosity in the intercrop line.
In general, the final population of plants and crop production components did
not vary according to the performance depths of shank. For soil coverage factor, only
in the second year of cultivation was possible to note the increase for the number of

grains per ear with the use of forage turnip.
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