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This study aimed to evaluate the effects of seed-furrow openers and soil compaction on parameters
such as sowing quality and root growth of soybean. The experiment was conducted using a
randomized blocks experimental design with split plots, with the plots arranged by compaction level
(1.16, 1.20, 1.22 and 1.26 Mg m’3) and the subplots by type of furrow opener (double disk and shank
type). Root growth was assessed at three depths (0.00-0.10; 0.10-0.20 and 0.20-0.30 m) in the sowing
line and interrow. The sowing quality data means were compared using the Tukey test (p<0.05), while
the root growth data means were compared using the LSD test (p<0.05). Penetration resistance
increased with increasing soil compaction to a depth of 0.20 m. The sowing depth and mobilized soil
area were not affected by soil compaction levels. The type of furrow opening mechanism only
influenced the sowing depth, with greater depth achieved using the double disc. Neither the seed-
furrow openers nor the level of soil compaction significantly influenced soybean root growth when
evaluated in the sowing line. The type of furrow opening mechanism did not influence any of the
evaluated parameters. Soil compaction altered soybean root growth in the interrow, but did not impede
rooting. Regardless of the assessment depth in the interrow, there was a reduction in root volume,
length, surface area and diameter with increased soil density.
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INTRODUCTION

The growing expansion of the area planted with soybean
and the aggregation of technologies for cultivation mean
that it is the most important crop for Brazilian
agribusiness. Much of the crop is sown using a no-tillage
system, which involves restricting soil disturbance to the

line of the planting furrow (Palma et al., 2010). This
system also features intense traffic of machinery and
implements and has caused soil compaction in regions
with varying soil and climatic characteristics (Freddi et al.,
2007). Studies developed by Embrapa Soja shows that
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about 45% of agricultural areas in Parana with clayey soil
that are cultivated with soya/corn, present a degree of
compaction in the 0.10-0.20 m layer, which is restrictive
to root development and to the development of the aerial
part of the plant (Franchini et al., 2011).

The root growth of crops in compacted soils is
commonly related to the density and mechanical
resistance to penetration of the soil, which mainly
depends on its textural class (Reinert et al., 2008) and
soil moisture (Valicheski et al., 2012). Secco et al. (2009),
studying Oxisols managed as no-tillage systems, found
that soil density values of 1.62 and 1.54 Mg m=,
respectively, did not cause decreases in soybean yield.
However, Ferreras et al. (2001) observed a 47% decrease
in soybean yield when using no-tillage cultivation as
compared to the same scarified soil. This difference was
attributed to reduced root development as a result of the
increased mechanical resistance, with induced branching
of adventitious surface roots making them less efficient at
absorbing nutrients and water.

The use of shank type furrow openers during the
sowing operation has been used as an alternative to
break up the compacted surface layer in regions with clay
soils. However, the use of the shank has become
commonplace even in areas without high levels of soil
compaction resulting in problems such as excessive soll
mobilization, encouragement of erosion and increased
weed growth in the sowing row (Reis et al., 2006), as well
as increased fuel consumption (Santos et al., 2008) and
resulting in increases to production costs.

In order to measure the effects of soil compaction on
crop root systems, various methods can be utilized,
however, the majority of these methods are time
consuming and laborious, besides being imprecise and
demanding a great deal of manpower, which makes
evaluation difficult (Benjamin et al., 2004). The most
accurate method for acquiring data on root volume,
surface area, diameter and length is through the digital
processing of images with washed roots, where the data
is obtained using specific software, specially developed
for this purpose.

In this context, the objective was to evaluate the effects
of furrow opening mechanisms and soil compaction
levels on the parameters of sowing quality and root
growth of soybean.

MATERIALS AND METHODS

The experiment was conducted in the Pato Branco region, Parana
(Figure 1), in Typic Hapludox (Soil Survey Staff, 2014) with a very
clayey texture and with the following chemical characteristics in the
0.0-0.20 m depth layer prior to the experiment: pH cacy = 4.85; OM

(Walkiey-Black) = 49.09 g dm®; P (yeniicn ) = 10.59 mg dm™>; K (venich 1y =
0.19 cmol, dm®; Ca® 1 m ey = 4.44 cmol, dm™>; Mg®* 1 mkey = 1.40
cmol; dm; AP 1 mkey = 0.06 cmol. dm®; H+Al = 5.29 cmol. dm?;
Sum of the Bases (SB = 5.96 cmol. dm™); cation exchange capacity
(CEC= 11.25 cmol, dm™®); base saturation (V= 52.91%).

The climate is defined as humid subtropical Cfa according to the
Kdppen climate classification. The coordinates of the location are
26°16'36"S 52°41'20"W with an average altitude of 750 m. The
treatments consisted of the lagged double disc and shank type
furrow openers of a seeder fertilizer and four induced levels of soil
compaction, obtained by tractor traffic across the plot, so that the
tires compacted parallel areas. The number of times the tractor
passed across the plot varied according to the treatment, as
follows: Level 0- no additional compaction; Level 1- additional
compaction by means of two passes; Level 2- additional
compaction by means of four passes and Level 3- additional
compaction by means of six passes, corresponding to soil densities
of 1.16, 1.20, 1.22 and 1.26 Mg m™, respectively.

The tractor used to apply the different levels of soil compaction
was a New Holland®, TL75E 4x2 TDA (Front Wheel Drive Assist)
with maximum permitted ballast (4630 kg), Standard 12.4 x 24 front
tires and 18.4 x 30 back tires and a mounted sprayer (250 kg), filled
with 600 L of water, providing a total mass of 5480 kg. The
compaction process was performed in November 2013, with soil
moisture at 38.1%.

The experiment was arranged across split plots in which the plots
were formed by the four compaction levels and the subplots by the
two types of furrow openers, with a randomized blocks design
consisting of eight treatments and four replications, resulting in a
total of 32 experimental units each with an area of 75 m? (3.75 x 20
m).

The soybean cultivar, Don Mario 5.8i® (BMX Apollo RR) was
used with a stand density of 300,000 plants ha™, sowed on 12
December 2013. The furrow openers used for deposition of fertilizer
were the shank type with tips of 17.76 mm width, attack angle of
20° and height of 0.45 m and double disc type with 381 mm (15")
diameter discs, depending upon the treatment. In-furrow fertilization
of 390 kg ha™ was provided with a 02-20-18 formulation.

To evaluate the penetration resistance of the soil, a Falker®
penetrometer was used, model PLG1020, with a ferrule (cone) of
1.0 cm? area, with ten random measurement points in each
experimental unit. During the assessment soil moisture was at
37.7%.

The depth of seed deposition was determined in the three central
sowing lines of each experimental unit, assessing the depth of 10
seeds per row. To assess the mobilized soil area, a wooden
profilometer was used, with vertical graded rulers arranged
transversely to the sowing row at 0.02 m intervals. The
measurements were taken in the three central sowing lines, with
two repetitions per line, obtaining the natural and final surface
profiles of the furrow. Assessments of root growth were obtained
using the washed roots method with samples collected from the
crop at the reproductive growth stage R3 (beginning of pod
formation). Roots were collected in the field following the trenches
methodology proposed by Jorge and Silva (2010), with trenches
opened across the sowing lines.

The methodologies proposed by Micucci and Taboada (2006)
and Gao et al. (2010) were adapted to facilitate sample collection
and involved adjusting a wooden lattice with dimensions of 1.00 x
0.5 m, subdivided with a white string grid into 0.10 x 0.10 m
squares along the wall of each trench. Soil cores of 209.13 cm®
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Figure 1. Geographical location of the study area.

were then collected for root sampling in each subdivision at depths
of 0.0-0.10; 0.10-0.20 and 0.20-0.30 m. Fifteen samples were
collected per experimental unit, of which six samples were from two
sowing rows and nine samples from three interrows.

The roots were separated and cleaned with the aid of a set of
sieves with 4.75, 2.00 and 1.00 mm meshes, respectively. Once
separated, the roots were scanned using an optical scanner with a
minimum resolution of 200 dpi. To perform the scan, the roots were
displayed with water on a transparent glass plate equal in size to
the scanner screen in order to avoid shading and overlay at the
time of scanning.

The scanned images were processed using SAFIRA software
(Jorge and Rodrigues, 2008), which generated data for the volume
(mm®), surface area (mm?), weighted mean diameter (mm) and total
length (mm) of the roots. These results represent the average crop
root population corresponding to each collection point.

Data were evaluated for analysis of variance using the F test.
The sowing quality data means were compared using the Tukey
test (p<0.05), while root growth data means were compared using
the Fisher test (LSD, p<0.05). The analyses were performed using
the statistical analysis system, SAEG version 9.1 (Funarbe, 2007).

RESULTS AND DISCUSSION

The highest soil penetration resistance (PR) values were
observed in the treatment with the greatest number of
tractor passes, down to a depth of about 0.20 m, followed
by the treatments with four and two passes, respectively
(Figure 2). At the depth of 0.20 to 0.40 m, similar
behavior was observed between the treatments, which
demonstrated that the effects of soil compaction tend to
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be concentrated in the top 0.20 m. This behavior, with
higher PR in the surface layer of the soil is a feature of
no-tillage farming, whereby the cumulative effect of stress
generated by machinery and implement traffic is
dissipated across the surface layers (Bonini et al., 2008).

Many soil compaction problems are related to machine
traffic and the type of tires used on the machines. Most
tires are diagonally banded, which prevents the tire from
molding to the soil and following the irregularities of the
terrain. This reduces the tire-soil contact area and
consequently increases the pressure on the soil surface
(Silva et al., 2000).

Soil compaction causes various consequences and
limitations and may compromise the growth and
functionality of the root systems of some crops when PR
values are greater than 2.0 MPa (Lipiec et al., 2012;
Valicheski et al., 2012). Based on studies conducted in
the field, some authors reported that 2.0 MPa may result
in a reduction in soybean root growth (De Maria et al.,
1999). In this study, only the treatment involving six
passes of the tractor presented PR values that could be
limiting to root growth.

Sowing depth was between 0.04 and 0.05 m (Figure 3),
generally suitable for soybean. If the seeds are deposited
at greater depths, the seedlings have to grow through a
thick layer of soil after germination before reaching the
surface, taking longer to emerge.

With respect to the furrow opening mechanisms, it was
observed that sowing depths were greater with the
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Figure 2. Mechanical resistance of the soil to penetration (MPa) as a result of the

number of passes with the tractor.
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Figure 3. Soybean sowing depth (m) as a result of soil density.

double disc than with the shank type (Table 1). The
planting line was composed of a set of articulated rods
and compression springs inclined to the vertical with the
function of displacing the shank tine backwards when it
encounters an obstacle (stone, wood or compacted soil),
which offers greater resistance than the tension of the
safety spring (Mialhe, 2012). This caused the shank type
towork at a shallower depth than the disc, thereby
reducing sowing depth.

Table 1. Soybean sowing depth (m) as a
result of seed drill mechanisms.

Openers Sowing depht (m)
Disc 0.047%
Shank 0.044°

Means followed by differing lowercase letters
in the column differ (P<0.05) according to the
Tukey test.
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Figure 4. Soybean root growth in the interrows: A) root volume (mm?) at a depth of 0.20-0.30 m, B) root length (mm) at a
depth of 0.10-0.20 m, C) root surface area (mm?) at a depth of 0.20-0.30 m, D) root diameter (mm) at a depth of 0.20-

0.30 m as a result of soil density.

Soil density and the type of furrow opening mechanism
had no significant effect on the mobilized soil area. The
mean value was 51.18 cm®. Mion et al. (2009) evaluated
the draught power required by five models of furrow
opener and also found no significant differences between
the disc and shank type furrow openers in relation to the
mobilized soil area. However, Modolo et al. (2013)
described a 42% increase in the soil area mobilized by
the sowing furrow of the furrow opener with the shank
mechanism in relation to the double disc. According to
the authors, this was attributable to the greater depth at
which the shank tine works and it's characteristic of
breaking up layers of denser soil while the double disk
furrow opener mechanism aims to open the sowing
furrow with minimal soil mobilization.

There were no significant differences in root volume as
a result of furrow opener type or compaction level for
measurements taken within the sowing row, with mean
values of 21.20; 20.42 and 15.97 mm3 at depths of 0.0-
0.10, 0.10-0.20 and 0.20-0.30 m, respectively. These
results may be related to good plant growth as a result of
good tillage by the furrow openers in the planting rows
and the ample rainfall (430 mm) recorded in the period

from December 2013 to February 2014, which included
the peak growth of the soybean root system. Under field
conditions, root system behavior is greatly influenced by
spatial and temporal variations in water and soll
compaction and therefore soil resistance (White and
Kirkegaard, 2010; Bengough et al., 2011). Freddi et al.
(2007) also observed no effects from soil compaction
when evaluating the root growth of corn under favorable
rainfall conditions.

The only significant effect observed in the interrows
was at the depth of 0.20 to 0.30 m (Figure 4A), with a
linear reduction in root volume as the soil density
increases. The depths of 0.00-0.10 and 0.10-0.20 m
showed mean values of 16.69 and 15.24 mms3,
respectively. As surface soil compaction has more
significant effects down to the 0.20 m depth layer, the
roots that reach this depth or go deeper tend to find fewer
physical constraints; thus, presenting significantly greater
differences between root volumes as compared to the
surface layers. This is in agreement with Croser et al.
(2000), who found that after the roots pass through the
impeding layers, they return to growth patterns similar to
sites without such hindrance.
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Differences in root length were only significant at the
0.10-0.20 m depth level in the interrows (Figure 4B), with
a linear reduction as the density of the soil increases.
Atkinson et al. (2009) showed that root growth was higher
in moderately compacted soil, possibly due to higher
levels of water retention and better contact between the
roots and the soil.

The depths of 0.0-0.10; 0.10-0.20 and 0.20-0.30 m
showed no significant differences within the sowing line,
with means of 4.05; 4.21 and 4.07 mm?, respectively and
means of 4.37 and 4.52 mm?2 at the depths of 0.0-0.10
and 0.20-0.30 m in the interrows. This reduced root
growth in compacted soils is due to the reduced cell
elongation rate as a result of a reduction in the meristem
cell division rate (White and Kirkegaard, 2010; Lipiec et
al., 2012).

Observing the root development of five species in
compacted and uncompacted soil, Lipiec et al. (2012)
noted changes in root structure, which indicates that
roots with circular and flattened profiles grow through the
circular pores and cracks that are present in the soil,
respectively. This result may be associated with the
possibility of roots having found pores in the surface
layer and thereby succeeding in developing below the
obstructing layer.

Evaluating the effect of soil compaction on root growth
and anatomy in five cereals, Lipiec et al. (2012) observed
reduced root length and changes in the root anatomy in
seedlings with seven days of development. Root length
was 50% lower in barley and 79% lower in ftriticale in
compacted soil as compared to uncompacted soil.

At the depths of 0.0-0.10, 0.10-0.20 and 0.20-0.30 m
within the sowing line, there were no significant
differences in terms of root surface area, averaging
57.43; 54.82 and 45.18 mmz, respectively. Means of 49.9
and 45.02 mm2 were obtained at the depths of 0.0-0.10
and 0.10-0.20 m in the interrows. Only at the depth of
0.20-0.30 m in the interrows were significant differences
observed (Figure 4C), with a linear reduction in root
surface area as soil density increases. Tracy et al. (2012)
showed that a certain level of soil compaction can be
beneficial to root growth, given that soil-root contact
increases, which is limited when the soil presents as
loose, resulting in lower length and surface area, this
being an alternative explanation for the absence of
significant differences in the data when assessed in the
sowing line.

Another factor that influences root growth and the
surface area of the roots is soil moisture. Silva et al.
(2000) observed that in conditions of high soil humidity,
differences in penetration resistance between compacted
and uncompacted soil are generally small. However,
when soils become dry, the compacted layers cause
damage and restrict root development.

Significant differences in root diameter were also only
observed at the depth of 0.20 to 0.30 m in the interrows
(Figure 4D). The absence of significant differences in the

rest of the root growth data may follow the reasoning of
Croser et al. (2000), who describe that an increase in root
cell diameter tends to increase the root diameter, which
may help them to develop in a compacted soil. It is also
known that as a result of the expansion and contraction
of the soil, more resistant aggregates and inter-aggregate
pores are formed, even in compacted soil, which allows
root expansion as well as reduce the susceptibility of the
soil to deformation (Lipiec et al., 2012).

The means recorded for root diameter at depths of 0.0-
0.10, 0.10-0.20 and 0.20-0.30 m were 0.92; 0.94 and
0.87 mm, respectively in the sowing row and 0.89 and
0.88 mm in the interrows at the depths of 0.0-0.10 and
0.10-0.20 m. Studies by Beutler and Centurion (2004) in
Red Latosol subject to soil compaction with soil bulk
density of 1.19 to 1.81 Mg m?, described no significant
changes in soybean root diameter to the depth of 0.15 m.

The morphological and anatomical plasticity of cereal
roots is clearly demonstrated by Lipiec et al. (2012),
resulting in cell deformation in order to adapt to the soil
conditions. Bengough et al. (2011) reported that roots are
capable of locating cracks and channels in the soil and
thus are able to penetrate into more structured subsoil.

For most of the root system parameters analyzed,
significant differences were only observed at the depth of
0.20-0.30 m, indicating a direct relationship between root
volume, surface area and diameter. However, according
to Lipiec et al. (2012), there is still little information
available regarding the effect of changes to the structure
of the pores on root development. According to them,
most of the research on root development and anatomy
has been performed using soil samples prepared by
static compaction, without considering the effects of
machinery traffic in the field on the structure of the pores.

Conclusions

Penetration resistance increased with increasing soil
compaction to a depth of 0.20 m. The sowing depth and
mobilized soil area were not affected by soil compaction
levels. The type of furrow opening mechanism only
influenced the sowing depth, with greater depth achieved
using the double disc. Neither, the seed-furrow openers
nor the level of soil compaction significantly influenced
soybean root growth when evaluated in the sowing line.
The type of furrow opening mechanism did not influence
any of the evaluated parameters. Soil compaction altered
soybean root growth in the interrow, but did not impede
rooting. Regardless of the assessment depth in the
interrow, there was a reduction in root volume, length,
surface area and diameter with increased soil density.
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