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INTRODUCTION

Understanding the

ABSTRACT

The soil management system affects physical attributes, and the forward sowing speed can
increase or decrease its results. Thus, this work aimed to evaluate management systems
before and after soil mobilisation and forward sowing speed on soil physical attributes.
Thus, an experiment was conduct in a completely randomized block design with four
replications and six soil management systems: no tillage (NT), medium harrowing (MH),
subsoiling operation (S), subsoiling and medium harrowing operations (S+MH), cross-
subsoiling and medium harrowing (S+MH), and ploughing and two medium harrowing
(P+2MH), and four forward sowing speeds: 3.1, 5.1, 5.8, and 7.9 km h™!, applied in the
subplots. Soil management affects soil penetration resistance (PR) values, pointing out the
highest PR occurring in no-tillage beyond critical limits. Soil bulk density (sD) is affected
by management and forward sowing speeds. The medium harrowing operation has higher
sD and the ideal forward sowing speed range to mitigate this effect would be 5.0 to 7.0
km h™!. Moreover, it also presents a higher amount of macropores in the 0.20-0.30 m
layer. Management system without soil mobilisation favours an increase in soil
microporosity, and the use of subsoiler as tillage equipment should be carried out at
slower speeds to favour the increased micropores.

in organic matter on the soil surface and reduction of gas
emissions and the greenhouse effect (Oliveira et al., 2015;

effects of soil ‘management Santos et al., 2017). The adoption of less conservationist

systems on soil quality indicators is essential to improve
soil quality attributes. Soil management systems aim to
establish adequate soil conditions in order to increase crop
yield (Biinemann et al., 2018).

Soil management system under direct sowing has
been increasing the farming area over the years due to the
ability to ease farming, erosion reduction, and soil
leaching. No-tillage soil management system keeps the
straw of the previous crop on the soil, provides a higher
percentage of soil coverage, enabling an increase in water
infiltration, increases soil retention moisture, as well as
improves yield (Freitas et al., 2017).

The adoption of no-tillage in detriment to
conventional tillage has been highlighted due to its
contribution to improving soil physical, chemical, and
biological characteristics, as well as promoting an increase
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practices can lead to an increase in soil bulk density and a
decrease in macroporosity and total porosity, among other
damages that can affect soil and crop attributes (Freitas et
al., 2017), which are the main attributes indicated to
evaluate soil management systems.

An appropriated plant stand and uniformity of seed
distribution during sowing operation are pointed out as the
variables of high influence on yield. These factors can be
affected by numerous variables, being sowing forward
speed one of the most important variables (Reynaldo et al.,
2016b). Several studies have shown that an increased
seeder forward speed with pneumatic dosing mechanism
did not affect the longitudinal distribution of seeds and
yield (Castela Junior et al., 2014), but opposite results have
shown that forward speeds above 6 km h™' can decrease
crop yield up to 11.8% (Reynaldo et al., 2016a).
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Thus, current researches are not conclusive about the
adequate forward sowing speed that enables an optimal
speed for a particular type of soil management to increase
soybean yield without compromising soil physical attributes
and crop agronomic attributes (Blum et al., 2014). Thus, it is
assumed that soil management systems will interfere with
soil physical attributes and an increase in sowing forward
speed may negatively affect soil physical attributes.
Therefore, this study aimed to evaluate the effects caused by
soil management systems before and after tillage and
sowing forward speed on soil physical attributes.

MATERIAL AND METHODS

This study was conducted at the Experimental Farm
of Agricultural Sciences of the Federal University of Grande
Dourados (UFGD), located in Dourados, MS, Brazil. The
farm is located at a latitude of 22°14’" S and longitude of
54°59" W, with an elevation of 434 m. The climate is type
Am, i.e., a monsoon climate with dry winter, annual mean
precipitation of 1500 mm, and a mean temperature of 22 °C.
The soil of the area is a Rhodic Distroferric (Embrapa,
2013). Table 1 shows the particle size analysis of soil and
particle bulk density of the sample area.

TABLE 1. Fertility, particle size, and particle density (PD) of the Red Latosol in the Experimental Farm of UFGD, Dourados.

Layer Clay Silt Sand PD
(m) % - gcm
0.00-0.10 59.7 21.7 18.4 2.7
0.10-0.20 59.2 22.2 18.5 2.6
0.20-0.30 62.3 19.7 17.9 2.8
0.30-0.40 62.8 20.2 16.9 2.7
Fertility
Layers (m) pH H,O SB (mmol dm ) CEC (mmol dm) V%
0.00-0.10 5.36 85.10 125.90 67.44

SB: sum of bases; CEC: cation exchange capacity at pH 7.0; V: soil base saturation. Source: particle size and particle density adapted from

Rodrigues et al. (2017); soil fertility adapted from Castilho et al. (2017).

The meteorological data during the experimental period were obtained from Embrapa Western Agriculture weather
station (temperatures), and the precipitation data were obtained from a rain gauge placed on the UFGD experimental farm

(Figure 1).
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FIGURE 1. Monthly meteorological data (precipitation obtained from the experimental farming and temperature from

Embrapa Western Agriculture) from 2016 to 2017.

The experiment was based on a randomised block
design in a split-plot scheme, with four replications
(blocks). Treatments consisted of six soil management
systems: 5-year no-tillage (NT), medium harrowing (MH),
subsoiling operation (S), subsoiling operation and medium
harrowing (S+MH), cross-subsoiling and medium
harrowing (CS+MH), and ploughing and two medium
harrowing operations (P + 2MH).

Forward sowing speeds were performed in the
subplots at sowing time and were obtained by gear shifting
(L — low gear and H — high gear), resulting in mean speeds

of 2L=3.1,2H=5.1,3L=5.8,and 3H=79 km h™".

Each experimental plot occupied an area of 15 x 20
m (300 m?). In the longitudinal direction between plots, a
space of 12 m was reserved for turnovers, machinery
traffic, and stabilisation of machinery sets. Soil
management was performed on October 25, 2017.

Penetration resistance (PR) was performed with an
IAA/Planalsucar-Stolf impact penetrometer adapted by
KAMAQ and cited by Stolf et al. (2012). PR was
evaluated before soil management and after harvest
(10/22/2017 and 03/03/2018, respectively) at eight points
spaced 1 m from each other for each depth (0.00-0.10,
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0.01-0.20, 0.20-0.30, and 0.30-0.40 m), totalling 32
sampling points per plot, corresponding to 768 points in
the entire area. The values obtained from the successive
counting of penetrometer impacts were transformed into
dynamic strength (MPa), as in Stolf (1991).

Soil water content was determined by disturbed
samples collected before and after management
(10/22/2017 and 03/05/2018, respectively) at depths of

0.00-0.10, 0.01-0.20, 0.20-0.30, and 0.30-0.40 m in the
centre of each plot by the gravimetric method (Donagema
et al., 2011). A sample point was collected per plot at the
four depths, totalling 96 individual samples, being formed
24 composite samples (Table 2). Subsequently, composite
samples were oven-dried for 24 h at 105 °C to determine
soil water content, according to the methodology of
Donagema et al. (2011).

TABLE 2. Soil water content at the time of penetration resistance measurement before and after soil management

Water content (%)

Factor
0.0-0.10 m 0.10-0.20 m 0.20-0.30 m 0.30-0.40 m

Management (M) Before After Before After Before After Before After
S 28.13 28.95 29.00 27.97 31.79 33.03 33.03 30.86
CS+MH 29.07 28.21 27.80 30.68 29.10 27.74 28.82 30.14
S+MH 28.42 29.36 29.34 28.34 33.08 28.99 30.43 29.93
MH 30.81 30.18 29.24 29.00 31.79 30.19 30.30 31.05
NT 30.81 29.02 29.99 28.68 31.09 28.71 29.92 30.56
P+2MH 30.75 28.86 28.74 26.96 30.58 26.41 29.65 30.00

No-tillage (NT); medium harrowing (MH); subsoiling (S); subsoiling + medium harrowing (S+MH); cross-subsoiling + medium harrowing

(SC+MH); ploughing and two medium harrowing (P+2MH).

Moreover, undisturbed soil samples were collected
(10/20/2017 and 03/02/2018, respectively) and subjected
to laboratory analysis to determine soil bulk density,
macroporosity,  microporosity, and total porosity
(Donagema et al., 2011). Samples were collected from
each plot (management) using volumetric rings with a
volume of 98 cm?. Soil samples were collected at a random
point within each plot in the interrows at depths of 0.00—
0.10, 0.01-0.20, 0.20-0.30, and 0.30-0.40 m.

The data were submitted to analysis of variance
and, when significant, to the Scott-Knott test at 5%
probability to compare the means of soil attributes.
Treatments in which the forward sowing speed
(quantitative variable) presented a significant effect were
sliced, and a polynomial regression analysis was
performed, with graphs only for linear, quadratic, or cubic
regression that presented significance.

RESULTS AND DISCUSSION

Soil management systems had a significant effect
for PR in the 0.0-0.10, 0.10-0.20, and 0.20-0.30 m layers
before the management and in the 0.0-0.10 m layer after
management (Table 3). Bulk density had a significant
effect in the 0.20-0.30 m layer before the management and

a significant interaction management x  speed.
Macroporosity showed a significant effect in the 0.10-0.20
m layer before and after management, and in the 0.20-0.30
m layer for the interaction management and speed.
Microporosity presented a significant effect in the 0.10-
0.20, 0.20-0.30, and 0.30-0.40 m layers after management
and in the interaction management system and sowing
forward speed for the 0.20-0.30 m layer. The total porosity
had no significant effect on any treatment (Table 3). The
factor forward sowing speed, in isolation, did not affect
any of the attributes and layers, and its effect was
associated only with some management systems. The non-
significant effect in the forward sowing speed could be
associated with a lower machinery traffic time in the area
and a higher operating performance of the implement.

The coefficient of variation (CV) can be classified
as low when it is below 10%, medium from 10 to 20%,
high from 20 to 30%, and very high above 30%
(Frederico-Gomes & Garcia, 2002). The highest values of
coefficient of variation were found for the attribute
macroporosity (Table 3), having its value reduced after
management, but remaining with very high values. For the
other attributes, the reduction ratio of CV after management
was isolated in some layers, with no generalisation.
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TABLE 3. Analysis of variance and coefficient of variation for soil penetration resistance (PR), soil bulk density (SD),
macroporosity (Macro), microporosity (Micro), and total porosity (TP) before and after management.

F-test CV (%)

Attribute/Layer (m) Management Management Forward Management x Before After Forward

Before After speed  forward speed management management speed
RP —-0.00-0.10 4.50% 7.62%% 0.377"s 1.28 " 18.90 12.46 18.34
RP-0.10-0.20 3.73% 1.471s 031" 0.44 s 17.10 24.93 21.28
RP -0.20-0.30 4.40% 1.74 s 1.07 " 1.70 " 15.35 25.75 19.41
RP -0.30-0.40 1.821s 0.80 1 1.03 "¢ 1.21 " 26.67 35.44 20.54
DS - 0.00-0.10 0.911s 0.241s 1.18 " 1.03 " 10.32 14.45 13.56
DS -0.10-0.20 1.327s 1.190s 0.36 " 0.66 " 7.07 12.87 13.12
DS -0.20-0.30 3.48% 1.29 s 1.40 ™ 2.35% 5.92 7.76 8.67
DS - 0.30-0.40 1.54 s 0.21 1 0.02 " 1.13 7 5.89 8.61 9.62
Macro — 0.00-0.10 0.4101s 1.85m 0.27 s 1.01 "™ 66.75 40.64 54.87
Macro — 0.10-0.20 4.00% 3.16% 0.43 " 0.66 ™ 64.73 43.73 55.47
Macro — 0.20-0.30 0.671s 0.571s 1.45" 1.95% 73.82 54.21 43.09
Macro — 0.30-0.40 3.27ms 2.26"s 0.99 " 0.70 ™ 71.85 47.67 54.01
Micro — 0.00-0.10 2.701s 0.71"1s 1.28 " 0.58 " 7.51 14.09 13.83
Micro — 0.10-0.20 1.5708s 3.38% 0.73 " 1.14 " 7.61 10.69 12.02
Micro — 0.20-0.30 1.30"1s 4.57%% 1.56 " 2.26* 11.25 591 8.66
Micro — 0.30-0.40 1.051s 3.58% 0.46 " 092" 5.76 9.09 8.88
TP - 0.00-0.10 0.18"s 1.421s 1.36 " 1.52m 14.12 9.93 12.53
TP —-0.10-0.20 1.68 1 2.80ms 1.78 ™ 1.09 ™ 9.04 11.39 9.67
TP - 0.20-0.30 0.270s 0.62 0.30 ™ 1.30 ™ 12.65 10.83 7.45
TP - 0.30-0.40 3.11m 0.84ns 0.62 ™ 0.72m 9.32 10.38 8.00

No-tillage (NT); medium harrowing (MH); subsoiling (S); subsoiling + medium harrowing (S+MH); cross-subsoiling + medium harrowing

(SC+MH); ploughing + two medium harrowing (P+2MH).

Although the F-test was significant to PR before
management for the first three layers, no significant
difference was observed in the mean values (Table 4). It
occurs because they are different tests, and the same
happens to soil bulk density before soil management in the
0.20-0.30 m layer. Additionally, no significant difference
was observed for macroporosity before and after
management in the 0.10-0.20 m layer and for
microporosity in the 0.10-0.20 m layer after management.

After management, PR in the 0.0-0.10 m layer was
higher in the no-tillage (NT) area due to the lack of machine
mobilisation and traffic (Table 4). In general, a reduction
was observed in PR after management, which was also
verified for soil bulk density. It shows that the lack of soil

management in the area increases soil surface compaction,
showing that the soil under NT management maintains its
compaction level over time (Moraes et al., 2014). PR values
after management (four and a half months later) in the 0.00—
0.10 m layer remained above the critical limit (2.0 MPa) for
P+2MH, indicating no effect of conventional soil tillage for
a long time. It may be associated with the higher
precipitation recorded during the season, which may have
contributed to the natural soil drift, while the other
management systems presented acceptable values when
considering a critical PR of 3.0 MPa for reduced tillage and
3.5 MPa for no-tillage system (NT), showing the
contribution of reduced tillage and non-mobilization for soil
compaction management (Baia et al., 2018).

Engenharia Agricola, Jaboticabal, v.39, n.5, p.607-615, sep./oct. 2019



Soil physical attributes before and after management under sowing forward speed

611

TABLE 4. Soil penetration resistance (PR, MPa), soil bulk density (SD, kg dm*), macroporosity (Macro, %), microporosity
(Micro, %), and total porosity (TP, %) before and after management.

Factor PR SD Macro Micro PT
Before After Before After Before After Before After Before After
0,0-0,10 m
S 377 a 2.37b 1.37 1.16 7.91 23.51 38.68 38.65 46.59 62.16
SC+MH 412 a 242b 1.41 1.20 5.90 20.35 41.23 40.24 47.13 60.59
S+MH 4.82a 2.46b 1.44 1.20 7.27 22.12 40.12 38.94 47.38 61.07
MH 395a 2.52b 1.34 1.18 13.71 22.75 40.72 38.94 54.43 61.43
NT 3.55a 292a 1.33 1.16 10.57 21.72 41.25 41.61 51.82 63.34
P+2MH 328a 2.33b 1.42 1.21 8.47 22.75 43.16 39.13 51.63 61.97
Factor 0.10-0.20 m
S 474 a 3.01 1.42 1.23 10.17 a 10.37 a 41.29 3931a 51.45 49.68
SC+MH 5.10a 2.62 1.46 1.30 7.14 a 9.39a 40.69 41.54 a 47.83 50.93
S+MH 5.58a 2.69 1.46 1.23 498 a 1547 a 42.77 3945a 47.75 54.92
MH 529a 3.21 1.43 1.30 7.10 a 9.96 a 41.89 40.89a  48.98 50.85
NT 484a 3.01 1.36 1.21 5.36a 11.71 a 40.52 44.15a 45.89 55.86
P+2MH 4.67 a 2.92 1.44 1.20 7.59 a 12.75 a 41.23 38.73 a 48.82 51.49
Factor 0.20-0.30 m
S 433a 2.94 1.36a 1.28 7.28 13.99 43.07 43.19b 50.34 57.18
SC+MH 4.04a 3.07 1.47 a 1.27 7.97 16.05 42.63 42.37D 50.60 58.42
S+MH 455a 3.09 1.34a 1.23 541 14.98 44.36 4092b 49.77 55.89
MH 476 a 3.47 1.36a 1.29 6.09 14.98 43.28 42.15b 49.37 57.12
NT 461a 3.16 1.33a 1.22 10.62 14.70 41.42 44.89 a 52.04 59.59
P+2MH 4.19a 3.66 1.38a 1.24 7.88 15.88 42.11 41.98b 50.00 57.86
Factor 0.30-0.40 m
S 3.78 3.77 1.38 1.27 4.52 8.13 45.64a 4444 a 50.15 58.95
SC+MH 3.84 3.24 1.42 1.26 7.94 11.06 40.78b 41.58Db 48.73 58.11
S+MH 4.60 3.38 1.39 1.28 10.32 12.27 41.94b 41.78 b 52.26 56.85
MH 5.21 3.26 1.31 1.26 4.58 11.59 39.75b 4224b 4433 57.26
NT 4.18 2.97 1.31 1.24 3.40 8.34 39.35b 46.24 a 42.75 61.63
P+2MH 4.02 3.45 1.41 1.27 5.79 8.88 41.78b 42.24b 47.57 58.02

Means followed by the same lowercase letters in the column do not differ from each other by the Scott-Knott test at 5% probability. No-
tillage (NT); medium harrowing (MH); subsoiling (S); subsoiling + medium harrowing (S+MH); cross-subsoiling + medium harrowing

(SC+MH); ploughing + two medium harrowing (P+2MH).

The PR data can be classified according to Moraes
et al. (2014), who set the critical limit of 2.0 MPa for
conventional tillage, 3.0 MPa for minimum tillage, and 3.5
MPa for no-tillage system in most crops. Thus, although
the value of 2 MPa is more commonly adopted as a limit to
root growth, the possibility of increasing the critical
threshold of penetration resistance to 3.5 MPa in terms of
non-mobilization of soil is due to the presence of
continuous and biological pores, which favour root growth
even in areas with high PR values (Moraes et al., 2014).

Moreover, the higher PR value should be accepted
in areas with non-mobilization of soil since machinery
traffic favour the highest PR value in the 0.00-0.20 m
surface layers (Cortez et al., 2017).

Thus, the effect of soil tillage was beneficial on the
topsoil and maintained critical penetration resistance levels
for satisfactory root development of crops, which vary
according to management, soil type, and crop species
(Cortez et al., 2017; Girardello et al., 2017).

Soil bulk density ranged from 1.31 to 1.47 Mg m3
before management, but after management, the values
decreased to 1.16 to 1.30 Mg m™> (Table 4). Soil bulk
density is an excellent characteristic considered in the

evaluation of soil structural state due to its correlation to
soil compaction. Although management systems did not
differ statistically, soil management reduced soil bulk
density values of the period before management.

The critical soil bulk density for some textural
classes of clay soils ranges from 1.30 to 1.40 Mg m™.
Additionally, in clay Oxisols, aeration deficiency starts with
a soil bulk density close to 1.30 Mg m™> (Santana et al.,
2018). Thus, the occurrence of lower soil bulk density
values in the surface layer under no-tillage can be attributed
to an increase in organic matter (Assis et al., 2015).

Thus, soil bulk density before management was
significant in the 0.20-0.30 m layer, but the values did not
differ statistically from each other and were in the critical
range (1.33-1.47 Mg m™) for root system development,
which may correlate with higher PR values before
management. After management, a significant effect of the
interaction management system and forward sowing speed
also occurred in the 0.20-0.30 m layer. The analysis of
individual management showed that the medium
harrowing at 5.1 km h™! provided the highest sD value
(Table 5), which is associated with the soil mobilisation
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effect caused by disc slip and ground pressure (Novak et
al., 2017). A higher sD was observed under cross-
subsoiling and medium harrowing, subsoiling and medium
harrowing, and ploughing at a sowing speed of 5.8 km h!
(Table 5), evidencing that even with the use of deeper
action equipment, sD increases in the 0.20-0.30 m layer
after the use of medium harrowing. The sowing forward
speed analysis of each management showed that only

SC+MH and MH presented a significant effect, and the
regression analysis demonstrated that only MH was
significant for the cubic regression (Figure 2), in which a
tendency of sD reduction was observed in the sowing
forward speed range of 5 to 7 km h™'. Usually, an increase
in sowing forward speed provides shorter compression
time and, consequently, lower sD and PR values
(Mahmoudi et al., 2015).

TABLE 5. Slicing of interaction between soil management and sowing forward speed for soil bulk density (sD, kg dm™),

macroporosity (Macro, %), and microporosity (Micro, %) in the 0.20-0.30 m layer.

Sowing forward speed (km h™!)

Management 3.1 5.1 5.8 7.9
Soil bulk density (kg dm™)
S 135a 1.20b 1.24b 131a
SC+MH* 121a 1240 141 a 122 a
S+MH 1.24a 1.170b 132a 1.20a
MH* 133a 141 a 1.18b 1.24a
NT 127 a 1.23b 1.24b 1.12a
P+2MH 1.12a 1.240b 133a 126 a
Soil macroporosity (%)
S 83la 10.13 a 890D 937a
SC+MH* 15.36 a 13.90 a 5890 12.04 a
S+MH* 7.20a 16.08 a 9.48b 14.47 a
MH* 7.84 a 6.92a 16.10 a 10.63 a
NT 9.73a 9.87 a 8.47b 11.61 a
P+2MH 9.86 a 11.77 a 7.44b 10.78 a
Soil microporosity (%)

S* 48.48 a 41.40b 40.81b 42.04 a
SC+MH 40.24 b 41.75b 46.66 a 40.83 a
S+MH 42.85b 38.19b 41.96 b 40.65 a
MH 4474 a 44.60 a 39.25b 39.98 a
NT 4437 a 47.22 a 4534 a 42.60 a
P+2MH 40.15b 39.98b 4524 a 42.51 a

Means followed by lowercase letters in the column do not differ from each other by the Scott-Knott test at 5% probability. No-tillage (NT);
medium harrowing (MH); subsoiling (S); subsoiling + medium harrowing (S+MH); cross-subsoiling + medium harrowing (SC + MH);
ploughing + two medium harrowing (P+2MH). *Significant effect of sowing forward speed on management; in this case, a regression analysis

was performed.
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FIGURE 2. Regression analysis for soil bulk density in the 0.20-0.30 m layer under sowing forward speed for medium
harrowing. *Significant at 1% probability. F: calculated F and P: probability.
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For macroporosity, the mean values of soil
management systems were statistically equal in the 0.10-
0.20 m layer (Table 4), which is justified due to the use of
the F-test and then the test of means. The mean value of
macropores ranged from 3.4 to 13.71% before management,
but after mobilisation operations, it increased from 8.13 to
23.51%, evidencing an increase in macropores. Macropores
are related to vital processes for plant roots, especially for
respiration, and management must ensure their maintenance
and preservation (Sales et al., 2016).

Soil management systems increased macroporosity
values at all depths when compared to the period before
management, with increasing values up to a depth of 0.20
m and decreasing values at depths from 0.20 to 0.40 m in
relation to minimum values. Therefore, soil management
increased macropores values, making them adequate for
root development, especially for deeper layers, once, for
the soil becomes physically suitable for plant growth, it
must have at least 10% of macropores to maintain
adequate aeration levels (Sales et al., 2016).

The higher percentage of macropores in NT was
observed by Silva et al. (2014), which is different from
that observed in this study, and concluded that disturbed
soils have higher percentage of macropore values in the
0.00-0.40 m layer, causing higher water infiltration speed
and aeration.

The interaction between management and speed for
macropores was significant for the 0.20-0.30 m layer
(Table 5). Only the sowing forward speed of 5.8 km h™!
affected the percentage of macropores, with the highest
value under the use of medium harrowing due to its action
of soil mobilisation, destroying clods and levelling the
terrain. Sowing forward speed in management with
SC+MH, S+MH, and MH had significant effect (Table 5),
but the regression analysis showed no significant effect for
linear, quadratic or cubic regressions.
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S 450 -
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Microporosity in the 0.20-0.30 m layer after
management was higher in NT (Table 4), which is due to
higher compaction, in which macropores was transformed
into micropores. On the other hand, the 0.30-0.40 m layer
showed again higher values in the NT and S (subsoiling)
areas. The 0.10-0.20 m layer did not affect the test of
means, which were equal. Soil mobilisation promoted a
decrease in the percentage of micropores to the detriment
of macropores, making the soil with lower water holding
capacity and gas flow, which could lead to a fast water
deficit for crops (Luciano et al., 2014). Moreover, it may
also decrease soil moisture, corroborating the results
obtained by Oliveira et al. (2015). However, these authors
found a smaller proportion of macropores and micropores
in the surface layers (0.00-0.20 m).

The analysis of the interaction between
management and forward sowing speed showed that
microporosity had an effect at 3.1, 5.1, and 5.8 km h™!
(Table 5). The highest microporosity values were observed
at the lowest sowing forward speed for S, MH, and NT,
while MH and NT showed the highest values at the sowing
forward speed 5.1 km h™!. In addition, the management
SC+MH, NT, and P+2MH presented the highest
microporosity values at the sowing forward speed of 5.8
km h™'. The increased microporosity under cross-subsoiling
may be associated with a deeper working depth of the
subsoiler (Santana et al., 2018).

Individually, only the management with S (Table 5)
presented effect for sowing forward speeds. The regression
analysis (Figure 3) demonstrated a quadratic adjustment
for microporosity data, and lower sowing forward speeds
enabled higher values of micropores up to a speed of
approximately 6.5 km h™!, increasing again from this point.
Thus, the subsoiler must work at lower speeds to provide
larger micropores in depth.

y =0.75x2—9.56x + 70.92
R>=0.57
F=7.62and P=10.0173

Sowing forward speed (km h™")

FIGURE 3. Regression analysis for soil microporosity in the 0.20-0.30 m layer as a function of sowing forward speed for
medium harrowing. *Significant at 1% probability. F: calculated F and P: probability.
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Soil management, in general, increased the total
porosity (Table 4 ), making it a non-restrictive interval
(higher than 50%) for legume root system growth in all
management systems for dystrophic Red Latosols (Santana
et al., 2018). The surface layer presented the highest
amount of total porosity because it is the layer with the
highest mobilisation action of tillage equipment. Soil
mobilisation in deeper layers can decrease the total
porosity, which may be related to the pressure exerted by
active organs of the equipment used in operation.

CONCLUSIONS

Soil management affects penetration resistance
(PR), in which the highest PR values (higher than critical
limits) occurs in systems without soil mobilisation.

Soil bulk density (sD) is affected by soil
management systems and sowing forward speeds. In
addition, the medium harrowing soil management has
higher sD, and the ideal range to mitigate this effect
would be 5.0 to 7.0 km h'. The use of medium
harrowing increases the number of macropores in the
0.20-0.30 m layer.

Soil management system without mobilisation
favours higher soil microporosity, and the use of subsoiler
as tillage equipment should be carried out at lower forward
speeds because it leads to an increase in the number of
micropores in depth.

The use of harrower after equipment such as
ploughing and subsoiler increases soil bulk density at
higher depths.
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