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Soil Science/ Original Article

Thermo-physical-hydraulic
variables in a no-tillage system
related to wheeled traffic and
furrow-opening mechanisms

Abstract — The objective of this work was to evaluate the impact of different
furrow-opening mechanisms on soil physical characteristics, such as
mobilization, porosity, bulk density, and the dynamics of water content and
temperature in the sowing groove, as well as the influence of wheeled traffic
and of these variables on corn (Zea mays) productivity. The experiment was
conducted at the agronomic experimental station of Universidade Federal do
Rio Grande do Sul on a Argissolo Vermelho (red Ultisol). Treatments consisted
of three winter cover crops and of two types of furrow-opening mechanisms
for fertilization (shank and disk), with or without tractor traffic. Corn was
planted as the summer crop, and soil mobilization in the sowing groove, soil
temperature and moisture content during the crop cycle, and soil physical
conditions, such as bulk density and porosity, were evaluated. Tractor traffic
and the type of furrow-opening mechanism used did not affect significantly
soil temperature and moisture content during the development of the corn
crop; however, significant differences were observed in grain productivity
and soil mobilization, bulk density, and porosity.

Index terms: Zea mays, no-tillage system, furrow-opening mechanisms, soil
compaction, soil temperature.

Variaveis termo-fisico-hidricas em semeadura
direta relacionadas com trafego de rodados
e mecanismos sulcadores de fertilizante

Resumo — O objetivo deste trabalho foi avaliar o impacto do uso de sulcadores
de fertilizantes nas caracteristicas fisicas do solo, como mobilizagao,
porosidade, densidade, ¢ dinamica do teor de 4gua e da temperatura no sulco
de semeadura, bem como a influéncia do trafego do rodado do trator e dessas
variaveis na produtividade do milho (Zea mays). O experimento foi conduzido
na estagdo experimental agronémica da Universidade Federal do Rio Grande
do Sul sobre um Argissolo Vermelho. Os tratamentos consistiram de trés
coberturas de inverno e dois sulcadores de fertilizante (haste e disco), com
ou sem trafego dos rodados do trator. O milho foi plantado como cultura de
verdo, tendo-se avaliado a mobilizacdo no sulco de semeadura, a temperatura
¢ a umidade do solo durante o ciclo da cultura, e as condigdes fisicas do solo,
como densidade e porosidade. O trafego de rodados e os tipos de mecanismos
sulcadores nao afetaram significativamente a temperatura e a umidade do solo
durante o desenvolvimento da cultura do milho; contudo, foram observadas
diferengas significativas na produtividade de grdos e na mobilizac¢do, na
densidade e na porosidade do solo.

Termos para indexaciio: Zea mays, sistema de semeadura direta, mecanismos
sulcadores, compactagdo do solo, temperatura do solo.
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Introduction

The increasing and large-scale use of the no-tillage
system has enabled the expansion of commercial-
scale agriculture, requiring more powerful machines,
which are normally heavier, in order to obtain higher
operational efficiencies and an effective field capacity.
This has caused, over time, physical problems in the
soil, such as compaction, which reduces soil porosity
(Moreira et al.,, 2014; Mazurana et al., 2017) and,
consequently, also reduces the infiltration and storage
of water, affecting plant development.

Currently, soil compaction is a frequent and
growing problem in agriculture, not only because it
reduces crop productivity (Labegalini et al., 2016),
but mainly because of the difficultly in measuring it
(attributing it a critical value) and confirming it as a
factor that decreases production (Gubiani et al., 2015;
Mazurana et al., 2017).

Several factors can influence the germination,
development, and productivity of crops, such as the
level of stored water, nutrients, climate, temperature,
and soil factors, as well as the adopted management
systems and the equipment used for sowing (Caires
& Milla, 2016; Teixeira et al., 2018). When compared
with the outdated double-disk system, for example,
the use of a seeder-fertilizer equipped with shank-
type furrow openers to break and mobilize the topsoil
can minimize some of the problems associated with
compaction, by reducing the bulk density of the
superficial 15-cm layer (Drescher et al., 2011). Nunes
et al. (2014) also reported a reduction in the state of
compaction of soil subsuperficial layers during direct
sowing using a shank-type furrow opener, which only
disrupted part of those layers, providing a similar
effect to that produced by the superficial mechanical
scarification of the soil.

Palma et al. (2010) carried out a study about the
requirement for traction force by shanks set to different
soil depths (10, 15, 20, and 25 cm). The authors
observed that the lowest demand for force was at the
lowest depth, but that the force demanded at 15 cm
was greater than that at 20 cm, because of the greater
resistance to penetration at 15 cm. Similarly, Levien et
al. (2011) reported an increase of 32% in the traction
force of the shank-type furrow opener, compared with
the double-disk type, concluding that this was due to
the 52% larger area of soil mobilized by the shank.
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There are many models of combined seeding-
fertilization machines; however, the used principles
are the same. For direct seeding, furrow-opening tools
have been developed to deposit fertilizers and seeds,
but their effectiveness, which is low for most of them,
depends on a series of factors. These factors can be
summarized as: soil type; type and format of the
furrow opener (shank or disc); speed of the operation
together with the used tractor and seeder; quantity,
type, and distribution of live or dead vegetation cover
on soil surface; presence of subsuperficial roots; level
of soil compaction; direction of the operation on
inclined surfaces; and soil moisture content at the time
of the operation (Levien et al., 2011).

It should be noted that the direct-seeding system
is closely linked to other soil characteristics, such as
temperature and moisture content. Belan et al. (2014)
evaluated the variation in soil temperature related to
depth and to the condition of soil cover on a Latossolo
Vermelho-Amarelo, i.e., a yellow red latosol, in the
state of Espirito Santo, Brazil. The authors found an
average thermal amplitude of 5.3°C for uncovered soil,
at a depth of 2 cm, and of 1.3°C for covered ground.
This highlights the importance of plant cover to
maintain soil temperature close to the physiological
optima for plant growth and biological development,
by reducing water loss due to direct evaporation. The
variation in the temperature of the surface and of the
first few centimeters of depth of the soil is directly
related to air temperature and soil cover, whereas that
of deeper layers depends on intrinsic factors such as soil
texture, origin of the material, water content, thermal
diffusion, and the level of soil compaction (Prevedello
& Armindo, 2015; Dantas et al., 2017). Other factors,
however, such as soil bulk density, also interfere with
thermal and soil water content amplitudes. Soils with
lower densities present higher thermic amplitudes due
to larger air spaces, their lower capacity to conduct
heat, and the insulating effect of air (Rodrigues et al.,
2018).

In this context, further studies are required to
define the efficiency of shank-type tools in breaking
compacted soil layers and the soil mobilization caused
by them, as well as the effective drawbar power
requirements, as pointed out by Conte et al. (2011b).

The objective of this work was to evaluate the
impact of different furrow-opening mechanisms on
soil physical characteristics, such as soil mobilization,
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porosity, bulk density, and the dynamics of water
content and temperature in the sowing groove, as well
the influence of wheeled traffic and of these variables
on corn productivity.

Materials and Methods

The study was conducted in the 2014/2015 crop
year at the agronomic experimental station of
Universidade Federal do Rio Grande do Sul, located
at the Depressdo Central Depression physiographic
region, in the municipality of Eldorado do Sul, in
the state of Rio Grande do Sul, Brazil (30°4'38"S,
51°43'43"W). The soil of the experimental area is
classified as an Argissolo Vermelho-Amarelo (Santos
et al., 2013), i.e., a X, naturally characterized as deep,
well drained, and strongly acidic, with accumulation
of illuvial clay in the B-horizon, low natural fertility,
and high saturation by aluminium (Streck et al.,
2008). The climate is typical humid subtropical, Cfa
according to Koppen’s classification, with average
monthly temperatures throughout the year varying
between 13.9 and 24.9°C and an average monthly
rainfall from 96 to 168 mm, with a total annual
rainfall of 1,440 mm (Bergamaschi et al., 2003).

The experiment was installed in an area where
soybean [Glycine max (L. Merr.] improvement
programs had been previously carried out by
Fundac@o Estadual de Pesquisa Agropecuaria. During
this period, the area was intensely prepared through
conventional planting, resulting in soil degradation. At
the end of the 1970s, the experiment was terminated,
and the area was allowed to revert to native vegetation.
However, due to the excess of cattle, the area was
physically degraded and its botanical composition
was altered. From 2002 onwards, an experiment was
installed in order to recover the degraded area, using
the direct-seeding system.

The experimental design was a randomized complete
block, with subdivided plots and four replicates. The
main treatments, on 4.5-m wide by 20-m long plots,
consisted of: three winter cover crops, i.c., fallow,
fodder turnip (Brassica rapa L.), and black oat (4dvena
strigosa Schreb.) + common vetch (Vicia sativa L.)
intercrop; and direct sowing of corn in rotation with
soybean in summer. For the experiment, the plots were
divided longitudinally in two, allowing two passes of
the sower (2.25x20 m): one with a straw-cutting disk

preceding the shank-type furrow opener and the other
with a double disk-type furrow opener.

The Morgan 30A77PW corn hybrid was sown
on 12/22/2014 at a density of 88 thousand seeds per
hectare, fertilized with 250 kg ha' 5-30-15 N-P,0;-K,0,
respectively. A topdressing of 200 kg ha'! urea (45% N)
was carried out when the corn reached the V5 stage.

To determine the area of mobilized soil, a 0.35-
m wide profilometer was used, equipped with rods
spaced at 0.01 m, with a course (vertical displacement)
of 0.35 m. After the manual removal of the mobilized
soil from the sowing line, the profilometer rods were
released and allowed to form the geometrical shape
of the groove, which was copied onto a paper placed
on the apparatus. A program using Microsoft Excel
calculated the transverse area of the furrow. Further
details of the adopted methodology can be found in
Conte et al. (2011b).

To obtain the water content of the soil, an auger was
used to collect soil samples from the 0-5-, 5-10-, 10—15-,
and 15-20-cm layers. The soil samples were stored
in sealed flasks and transported to the laboratory.
The samples were then weighed and dried in an
oven at 105°C until a constant weight was reached,
and the gravimetric humidity of each soil layer was
determined for the day of collection as described in
Claessen (1997).

The surface temperature of the soil was taken using an
infrared digital thermometer, while skewer-type digital
thermometers were used to record the temperatures at
the depths of 3, 7, 12, and 17 cm. After the introduction
of the thermometer into the soil, 20 s were allowed for
the reading to stabilize before recording the obtained
value. Readings were taken during the morning, from
8:30 a.m. to 11:00 a.m., and the afternoon, from 2:30
p.m. to 5:00 p.m., for all plots, and an average was
calculated for each period and treatment.

To determine soil bulk density, the volumetric
cylinder method was used (Claessen, 1997). Soil
samples with preserved structure were collected from
the furrow lines to access the layers of 2.0-4.5, 5.0-7.5,
10.0-12.0, and 15.0—17.5 cm. The samples were then
wrapped in plastic film, put into polystyrene boxes,
and taken to the soil physics laboratory for analysis.

In order to estimate grain yield, corncobs from the
central lines (20x0.45 m) were harvested manually
for each treatment. Subsequently, the samples were
mechanically threshed through a stationary thresher,
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the grains were weighed and their water content was
corrected to 13%, with results expressed in Mg ha™'.

The data for the soil and plant variables were
compiled and analyzed using the SAS analytical
system (SAS Institute Inc., Cary, NC, USA). Means
were compared by the F-test and, when significant,
Tukey’s test was applied at 5% probability.

Results and Discussion

The treatments involving soil cover with winter
crops did not influence the obtained results. The
higher mobilization of the soil in the furrow using
the shank-type furrow opener was due to a greater
depth of penetration (Figure 1). Conte et al. (2011a)
found an increment of 107% in the area of mobilized
soil in the furrow with the increase of the depth of
action of the shank-type furrow opener, from 6 to 12
cm, confirming the data found in the present study.
However, the relationship depth/area of mobilization
is limited by the critical depth of action of the shank,
given by the format and angle of attack of the tip of
the tool and defined by Spoor & Godwin (1978) as the
depth at which the tractive effort increases, without
there being a significant increase in soil mobilization.

Conte et al. (2011b) tested the ability of a shank-type
furrow opener to open deeper furrows in an Ultisol

Cross-sectional mobilization (cm)

1 2 3 4 5 6 7 &8 9 10 11 12 13 14

0 P PR S S S S T PR S S S

Depth (cm)

10 -

Shank Disc

Figure 1. Cross-sectional mobilization against depth to
compare the roles of the different types of furrow openers
used for sowing and fertilization.
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and observed an increase in the mobilized area when
depth increased from 6 to 9 cm, but stability at 12 cm.
However, when depth was increased from 12 to 15
cm, there was a reduction in the mobilized area; this
occurred because the critical depth for this particular
shank-type tool had been exceeded.

Moreover, the greater capacity of deep furrow-
opening tools, such as the shank-type ones, favors the
breaking of compacted layers, both on soil surface and
subsurface in no-tillage systems. This improves soil
physical characteristics, besides favouring nutrient
distribution through the soil profile, providing
conditions for deeper root growth (Nunes et al., 2014),
which could be beneficial in the case of short periods
of drought.

Soil water content showed temporal variation
during the crop cycle (Figure 2), mainly due to the
soil wetting and drying cycles, dependent on factors
such as precipitation and dry periods, besides a higher
or lower demand by the crop during its development,
with no significant differences between treatments.
Furlani et al. (2008) reported that soil cover has a
great influence on soil water content, which could
possibly explain why no differences were observed
within the same evaluation period. The volumetric
moisture values obtained were below those reported by
Sequinatto et al. (2014) for field capacity of the same
soil: 0.28 m* m? for locations with wheeled traffic and
0.26 m* m* for those with no traffic. This suggests that
the corn crop did in fact need the soil to be at full field
capacity to express its maximum productive potential.

Soil temperature was registered in the morning
and the afternoon, respectively, during the corn
development cycle (Figures 3 and 4). The highest
temperatures were observed at the first evaluation
time, when the corn crop had not yet covered the soil
surface, which is associated with the low quantity of
crop residues left in winter, resulting in a high exposure
of the soil to solar radiation.

Contrary to the central hypothesis of the present
study, the nonsignificant differences regarding soil
temperatures may be explained by the use of the no-
tillage system in all treatments. This corroborates, in
part, the results of Furlani et al. (2008), who found
differences in soil temperatures due to the preparation
and/or cover of the soil. These authors concluded that
the no-tillage system always presented the lowest
thermic amplitude, compared with other preparation
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systems such as the conventional and scarified ones.
These studies also showed that, independently of the
type of soil preparation, soil temperature did not differ
between treatments when the plants provided more
than 50% soil coverage.

The temperature variations observed in the more
superficial soil layers are mainly affected by soil
texture and structure, besides being directly related

Humidity (m’ m”)

0.00 0.16 0.18 0.20 0.22 0.24 0.26

to ionic exchanges between the root system and the
soil; however, they are also influenced by the soil
management system (Bergamaschi et al., 2010; Veiga
etal., 2010; Montanari et al., 2012). Under the no-tillage
system, for example, plant cover has an important role
in the dynamics of soil temperature, and the main
problems related to soil temperature and nutrients refer
to their solubility (Grant et al., 2001).

Humidity (m’ m”)

0.00 0.12 0.14 0.16 0.18 0.20 0.22

10 A

Depth (cm)

12 A

14 A

16

18 -

0.00 0.16

0.00 0.16 0.18 0.20 0.22 0.24

Depth (cm)

16

18 -

DNT

Figure 2. Soil water content throughout the corn (Zea mays) crop cycle under different soil mobilization systems, machine
traffic conditions, and soil layers. DNT, disc with no traffic; DT, disc with traffic; SNT, shank with no traffic; and ST, shank

with traffic.
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A significant difference in bulk density and
macroporosity was found between the different types
of furrow openers (Table 1): the shank-type furrow
opener presented a lower bulk density in the 0.00—0.05-
m layer and a higher macroporosity in the 0.05-0.10-
m layer, which can be attributed to the greater depth
achieved by this type of furrow opener in relation to
double discs (Figure 1). Despite this difference, the
values for macroporosity are not considered critical
because they are above 0.1 m® m?, the limit for
gaseous porosity according to Tormena et al. (1998),

Temperature (°C)

0.0 28.0

Depth (cm)

28.5 29.0 29.5 30.0 30.5

which would restrict plant development by limiting
gas exchange. However, it should be pointed out that,
as the evaluations were carried out at the end of the
crop cycle, there may have been a natural densification
of the soil particles in the surface layer, reducing the
difference between the effects of the furrowers.
Furthermore, because the shank-type furrow opener
was used since the adoption of the no-tillage system to
sow the summer crops in the experimental area, there
may have been a residual effect from the previous crop
cycles, reducing the chances of observing differences

Temperature (°C)

0 26 27 29 30 31

28
?
I :.
¥
v

0.0 24.0 24.5 25.5 26.0

10+

Depth (cm)

12+

14

16

18-

|— DNT

Figure 3. Soil temperature in the morning, depending on the type of furrow opener used, machine traffic conditions, and
soil depth, during the corn (Zea mays) crop cycle at: A, 15 days after emergence (DAE); B, 29 DAE; C, 38 DAE; and D, 46
DAE. DNT, disc with no traffic; DT, disc with traffic; SNT, shank with no traffic; and ST, shank with traffic. No significant

difference by Tukey’s test, at 5% probability.
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in these variables (Nunes et al., 2014). When studying
the action of a shank-type furrow opener at the depths
of 10, 15, and 17 cm of a Latossolo Vermelho, i.e., a
Haplorthox, the authors found a residual effect of the
tool on soil mobilization after 12 months, supporting
the raised hypothesis.

No significant differences were observed in corn
productivity between the types of winter cover crops
or between the types of furrow opener used (Table 2).
However, there were significant differences between
the different traffic conditions using the same furrow

Temperature (°C)

0 30 31 32 33 34 35 36 37

0 1

Depth (cm)

opener, mainly because traffic had a negative effect
on grain production, especially when sowing was
carried out using the disk-type furrow opener. The
obtained corn productivity could be considered low
compared with those of crops grown under high-
technology systems. A possible explanation is the high
temperature during the early stages of development
of the corn crop, which may have influenced its
germination and initial establishment, as well as the
water deficit that occurred during the critical phases of
crop development.

Temperature (°C)
0 28 29 30 31 32 33 34 35

0 25.5 26.0 265 27.0 27.5 28.0

Depth (cm)

|— DNT

................

Figure 4. Soil temperature in the afternoon, depending on the type of furrow opener used, machine traffic conditions, and
soil depth, during the corn (Zea mays) crop cycle at: 15 days after emergence (DAE); B, 29 DAE; C, 38 DAE; and D, 46
DAE. DNT, disc with no traffic; DT, disc with traffic; SNT, shank with no traffic; and ST, shank with traffic. No significant

difference by Tukey’s test, at 5% probability.
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Table 1. Bulk density, macroporosity, microporosity, and
total porosity at different soil depths due to the type of
furrow opener used and wheeled traffic during sowing and
fertilization®,

Furrower  Traffic Layer (m)
0.00-0.05  0.05-0.10  0.10-0.15 0.15-0.20
Bulk density (Mg m?)
Without 1.29b 1.44a 1.47a 1.61a
Disc
With 1.40a 1.50a 1.52a 1.62a
Without 1.2b 1.41a 1.52a 1.59a
Shank
With 1.29a 1.46a 1.50a 1.65a
Macroporosity (m?* m)
Without 0.24a 0.16a 0.15a 0.12a
Disc
With 0.18b 0.14a 0.16a 0.11a
Without 0.27a 0.20a 0.17a 0.14a
Shank
With 0.23b 0.19a 0.17a 0.11a
Microporosity (m® m~)
Without 0.27 0.33 0.27 0.27
Disc
With 0.29 0.33 0.27 0.27
Without 0.26 0.33 0.26 0.28
Shank
With 0.26 0.31 0.27 0.27
Total porosity (m* m~)
Without 0.50 0.48 0.43 0.39
Disco
With 0.46 0.46 0.43 0.38
Without 0.52 0.50 0.43 0.42
Shank
With 0.48 0.50 0.43 0.38

(MMeans followed by equal letters, uppercase in the rows and lowercase
in the columns, within the same attribute, do not differ by Tukey’s test,
at 5% probability.

Table 2. Grain productivity of the corn (Zea mays) crop
in the 2014/2015 harvest due to the use of two types of
furrow openers and to tractor traffic during sowing and
fertilization.

Furrower Traffic Productivity (Mg ha?) Mean
Without 5.82a

Disc 4.84A
With 3.85b
Without 5.43a

Shank 5.38A
With 5.34a

(MMeans followed by equal letters, lowercase in the column comparing
the traffic for each type of furrow opener and uppercase in the column
comparing the two types of furrow openers, do not differ by Tukey’s test,
at 5% probability.
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When the double-disk furrow opener was used in
the absence of wheeled traffic over the sowing groove,
corn productivity was 34% higher than that obtained
with traffic. This was due to a series of negative factors
observed during the evaluations, such as an increase
in soil bulk density in the superficial layers that could
hinder the development of the crop root system. Beutler
et al. (2009) reported a reduction of up to 22% in corn
productivity due to soil compaction caused by machine
traffic, while Girardello et al. (2014) observed a drop
in production of 24% under machine traffic. In an
experiment with common bean (Phaseolus vulgaris
L.), Collares et al. (2008) found that the growth of the
root system and of the shoots of the crop, as well as
productivity, was lower in locations with additional
compaction.

Conclusions

1. The shank-type furrow opener promotes a
higher mobilization of the soil in the sowing groove
and an increase in macroporosity in the 0.0-0.05-m
superficial layer.

2. The type of furrow opener (shank or disc) does
not influence temperature or moisture dynamics in the
sowing groove.

3. Machine traffic results in lower corn (Zea mays)
productivity when the disk-type furrow opener is used.
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