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INTRODUCTION

The lowland areas of Rio Grande do Sul, 
Brazil, have been intended for irrigated rice, due to 
the flat topography and physical characteristics of the 
soil. However, the high pressure of weeds imposed 
on the rice created the need to seek alternatives to 
maintain the profitability of the productive system. 
In this context, soy appeared as an alternative, since 
it allowed the use of different active principles of 
herbicides among other advantages. 

However, problems related to the intrinsic 
characteristics of these soils have been a frequent 
obstacle to the increment of soybean yield in 
these areas.  The soil cultivated with rice naturally 

presents unfavorable physical conditions for non-
irrigated crops, since they present the formation of a 
hydromorphic environment with severe restrictions to 
water drainage, associated with high natural density. 
These restrictions are aggravated by the intense traffic 
of agricultural machinery during the preparation of 
areas for rice cultivation, which often occurs outside 
the optimal water content (TROYJACK et al., 2019). 

In this context, the natural characteristics 
of these soils, associated to the circumstances of the 
mechanized preparation, generate changes in the 
porous spaces, causing the phenomenon known as 
soil compaction (ALAOUI et al., 2011). Among the 
main consequences of this process, it is possible to 
mention the reduction of the total porosity (JUNIOR 
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ABSTRACT: The objective of this research was to evaluate the effect of seeder furrow opening mechanisms on soil physical characteristics, 
plant growth, and soybean yield in lowland areas with the presence of compacted layer near the surface. An experiment was conducted in 
the lowland experimental area of the Federal University of Santa Maria-RS, Brazil, during the 2015/16 and 2016/17 growing season. The 
experimental design was a randomized block with five replications and four treatments: Planter using shank (S) at 0.23 m depth; S at 0.13 m; 
Planter using double disk at 0.07 m depth and Raised-bed + S at 0.12 m depth. The use of S at 0.23 m depth allowed reduction of penetration 
resistance and increase of soil macroporosity in the layers 0-0.1 and 0.1-0.2 m depth in the seeding row. Sowing with S at 0.23 m depth and 
Raised-bed + S at 0.12 m depth allowed a better development of soybean plants in compacted irrigated rice area (higher nodulation, leaf area 
index and root growth), as well as higher grain yield.
Key words: shank, soil compaction, raised bed, Albaqualf soil, Glycine max.

RESUMO: O trabalho teve como objetivo avaliar o efeito de mecanismos sulcadores da semeadora sobre características físicas do solo, 
crescimento de plantas e produtividade de soja em área de terras baixas com presença de camada compactada. Para isso, foi conduzido um 
experimento na área de várzea da Universidade Federal de Santa Maria, durante as safras agrícolas 2015/16 e 2016/17. O delineamento 
experimental utilizado foi o de blocos ao acaso, com cinco repetições e quatro tratamentos, sendo eles: Haste sulcadora (HS) a 0.23 m de 
profundidade; HS a 0.13 m; Disco duplo a 0.07 m e Microcamalhão+HS a 0.12 m. A utilização da HS a 0.23 m possibilitou o aumento da 
macroporosidade e a redução da resistência à penetração mecânica do solo nas camadas de 0-0.1 e 0.1-0.2 m de profundidade na linha de 
semeadura. A semeadura com HS a 0.23 m e Microcamalhão+HS a 0.12 m viabilizam melhor desenvolvimento das plantas de soja em área de 
terras baixas compactada (maior nodulação, índice de área foliar e crescimento radicular), bem como maior produtividade de grãos.
Palavras-chave: haste sulcadora, compactação do solo, microcamalhão, Planossolo, Glycine max.
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et al., 2016), decrease in the continuity and size 
of porous spaces (BJÖRKLUNDA et al., 2016), 
reduction of water infiltration capacity (DRESCHER 
et al., 2017) and the increase in mechanical resistance 
to penetration (CORTEZ et al., 2014). 

In response to changes in physical 
soil structure, restrictions are imposed on the 
development of the root system of plants, because 
the ability of the roots to explore the soil profile 
reduces when the penetration resistance increases 
and the aeration porosity decreases (REINERT et al., 
2008). SARTORI et al. (2016) mentioned that more 
than 90% of the root system of soybeans grown in 
rotation with rice is concentrated in the depth layer of  
0-0.1 m, leaving the crop more prone to water stress, 
either due to lack or excess of water. Restriction on 
the growth of the root system of plants, among other 
parameters, may affect the efficiency of biological 
nitrogen fixation (AMARANTE & SODEK, 2006), 
the stomatal conductance (MADHU et al., 2014), 
the absorption of water and nutrients, and grain yield 
(WANG et al., 2019). 

Tools that allow the breaking of part of the 
compacted layer are fundamental for the adequate 
performance of soybean in these areas. Among the 
alternatives, it is possible to mention the seeder itself 
as a means of providing improvements in the root 
environment. Following SARTORI et al. (2016), 
the use of a shank in sowing machines in compacted 
lowland area allowed the development of a superior 
plant when compared to the double and corrugated 
disk and can be equated with soil chiseling. 

The depth of action of the shank also 
influences the development of the root system of 
the plants. According to NUNES et al. (2014), the 
shank at a depth of 0.17 m was more efficient in 
mitigating problems of physical order and chemical 
stratification when compared to a depth of 0.05 and 
0.1 m. Seeding on a raised bed is another alternative, 
as it creates a faster and more efficient drainage area 
and makes irrigation possible in periods of water 
deficiency (RAM et al., 2013). In this context, the 
objective of this research was to evaluate the effect 
of seeder furrow opening mechanisms on physical 
characteristics of soil, plant growth, and soybean yield 
in lowland areas with the presence of a compacted 
layer near the surface. 

MATERIALS   AND   METHODS

The experiment was conducted in the field 
during the 2015/16 and 2016/17 growing seasons in a 
systematized lowland area. The site soil is classified 

as Planossolo Háplico Eutrófico arênico (SANTOS et 
al., 2013). The allocation of the experiment in the two 
harvests was carried out in different areas from the 
experimental station. In the 2015/16 growing season, 
the soil presented the following physical-chemical 
characteristics: MO= 2 and 1.3%; clay= 26 and 28%; 
pH in water (1:1)= 6.1 and 5.1; base saturation= 69.9 
and 40.8%; saturation by Al= 0 and 1.5%; P-Mehlich= 
18.6 and 5.3 mg.dm-3; K= 64 and 16 mg.dm-3 in the 
layers of 0-0.1 and 0.1-0.2 m, respectively. In the 
2016/17 growing season, values were: MO= 2.9 and 
1.9%; clay= 24 and 26%; pH in water (1:1)= 6.2 and 
5.3; base saturation= 69.4 and 42.9%; saturation by Al= 
0 and 6.5%; P-Mehlich= 11.2 and 6 mg.dm-3; K= 56 and 
16 mg.dm-3. The areas showed that particle density= 
2.54 Mg.m-3; field capacity= 0.34 m-3m-3 and permanent 
wilting point= 0.12 m-3m-3 in the 0-0.2 m layer. 

A randomized block design with five 
replications was used, and the experimental units were 
composed by six rows of sowing, with 90 m2 working 
areas. The treatments were composed of furrowing 
mechanisms associated with seeder-fertilizer that are: 
Planter using shank at 0.13 m depth; shank at 0.23 m; 
Planter using double disk at 0.07 m depth and raised-
bed + shank at 0.12 m depth. 

For the implementation of the experiment, 
a pantographic seeder of the brand Massey Ferguson 
407 was used, consisting of six rows spaced at 0.5 
m, with a smooth disk diameter of 0.48 m for straw 
cutting and an approximate mass of 2.3 Mg. For the 
treatment with the raised seedbed, the pantographic 
seeder of KF Industrial (Hyper Plus 6/4) was chosen, 
composed of six rows spaced at 0.5 m, with three 
moldboards spaced at 1 m and a mass of 2.9 Mg. The 
mismatched double disks measured at 0.38 and 0.40 
m in diameter, the MF 407 shanks measured 0.43 
m in length, and and angle of attack of 14º. The KF 
seeder was equipped with a shank of 0.41 m length, 
and angle of attack of 17º, which sowed two rows of 
soybean in each raised bed. 

The seeding of the experiment was held 
on January 4, 2016 (2015/16 growing season) and on 
November 16, 2016 (2016/17 growing season). In the 
first growing season, the Nidera 5445 IPRO was used 
and, in the second, the Syngenta 1562 IPRO was used 
both with indeterminate growth habit. The seeding 
density was 32 seeds.m-2. The basic fertilization 
consisted of  21.5 kg.ha-1 of  N, 86 kg.ha-1 of  P2O5 and 86 
kg.ha-1 of  K2O in the seeding row. In the phenological 
stadium V6 (FEHR & CAVINESS, 1977), another 30 
kg.ha-1 of  K2O was manually applied. 

On the 50th day after seeding, the physical 
soil variables were determined: density, macroporosity, 
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microporosity and total porosity in the seeding row. 
Undisturbed samples were collected in layers 0-0.1, 
0.1-0.2 and 0.2-0.3 m of depth, using rings with 0.04 
m of height and 0.048 m of diameter, associated to the 
tension table with 0.6 m of water column.

The mechanical resistance to root 
penetration was quantified at 70 days after seeding 
on the first growing season and to 58 days after 
seeding on the second. For the evaluation, a digital 
penetrometer of the brand Falker (model PLG 1020) 
was used, reaching a depth of 0.3 m. Eight samples 
were collected for the experimental unit and were 
arranged parallel to the soybean seeding row as 
follows: two between the row, one in the row, two 
between the row, one in the row, and two more 
between the row. 

To evaluate the agronomic performance 
of the plants, the following variables were 
determined in the phenological stages: the dry 
mass of the aerial part, the root system, the nodules 
and the leaf area index. For this purpose, five plants 
per experimental unit were collected by removing 
a soil monolith (0.5x0.4x0.25 m of length, width 
and depth). The aerial part of the root system was 
then separated. The leaf area index was determined 
by measuring the length and width of all the 
central leaflets of each plant trifolium, estimated 
by the equation LAI = 2.0185*(C*L) proposed by 
RICHTER et al. (2014). To evaluate the dry weight 
of the nodules, the roots were washed with water 
to separate from the soil. Afterwards, the nodules 
and aerial part were dried in an oven with forced 
ventilation with a temperature of 60 ºC.

The effect of the furrow opening 
mechanisms in the root system of the plants was 
quantified by determining the length (cm), surface 
area (cm2), volume (cm3) and mean diameter (mm) 
of the roots at the phenological stage R5.1. The 
same plants from the previous evaluations were 
used. The cited variables were obtained by scanning 
the root system in a high resolution scanner (Epson 
Expression 11000 XL), with the images processed 
in the Winrhizo PRO software. The grain yield was 
determined by hand harvesting in an area of 7.5 m2. 
After harvesting, the samples were milled, cleaned, 
weighed and corrected to 13% moisture, and the data 
were transformed to kg.ha-1.  

The obtained data were submitted to the 
presuppositions test of the mathematical model. 
Analysis of the variance was performed using the F 
test. The averages, when significant, were compared 
by the Scott Knott test, at 5% probability of error. 
For physical soil variables (density, macroporosity, 

microporosity and total porosity), the confidence 
interval at 5% probability of error was determined.	

RESULTS   AND   DISCUSSION

Due to the compaction history of the areas, 
there was influence of the furrowing mechanisms 
on the soil’s physical parameters (Figures 1, 2 and 
3). In the 0-0.1 m depth layer, the systems with 
the use of the furrowing rod in the deposition of 
the fertilizer provided an increase of 36% in the 
macroporosity when compared to the double disk 
in the second growing season. The other parameters 
(density, micorporosity and total porosity) were not 
significantly affected by the treatments. Therefore, 
BEUTLER et al. (2012) mentioned that the constant 
mobilization of the soil for the cultivation of rice 
provides a lower tendency for compaction in the 
most superficial layer, making it possible to observe 
influence of mechanical management on the physical 
parameters of the soil.

Conversely, because the use of shank at 
0.23 m allowed greater soil mobilization in the 0.1-0.2 
m depth, a reduction of density resulted, presenting 
values of 1.47 and 1.42 Mg.m-3 for the 2015/16 and 
2016/17 seasons, respectively, which on average were 
9% lower than the 1.57 and 1.60 Mg.m-3 observed 
in the double disk system. The macroporosity and 
total porosity were also influenced by the furrowing 
mechanisms. In the macroporosity, the shank at 
0.23 m provided an average increase of 41%, when 
compared to the other treatments (double disk, shank 
at 0.13 m and raised bed + shank at 0.12 m). Similar 
results are described by DRESCHER et al. (2017), 
where the Shank at 0.15 m resulted in greater total 
porosity and macroporosity in the 0.07-0.15 m layer 
in a compacted Oxisoil, when compared to the double 
disk and shank at 0.1 m. In relation to microporosity, 
there was no influence of the treatments in any of the 
analyzed layers, presenting an average value of 0.34 
m3m-3. This result was expected, since this property 
is directly dependent on the soil texture, with little 
influence by anthropic management (SILVA & KAY, 
1997). In the deepest layer, 0.2-0.3 m, no significant 
difference was observed for the analyzed variables. 
These results are due to the fact that none of the 
treatments tested allowed the full performance of 
the furrowing mechanisms in this layer. The mean 
values in the two-year study were 1.59 Mg.m-3, and 
0.38, 0.33 and 0.05 m3m-3 for density, total porosity, 
microporosity and macroporosity, respectively.

Resistance to root penetration was 
determined when the soil had a volumetric moisture 
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of 0.29 and 0.24 m3m-3 in the 0-0.3 m layer at 
2015/16 and 2016/17 growing seasons, respectively. 
As shown in figure 3, the conduction areas of the 
experiment presented resistance to penetration 
higher than 2 MPa at 0.08 m of depth in the first 
growing season and 0.05 m in the second. As a 
result, the shank at 0.23 m was the most efficient 
in the decompression of the soil at the seeding row, 
where the penetration resistance did not exceed 1 
MPa for up to 0.2 m depth. For the treatment with 
shank at 0.13 m, the same tendency is observed, 
with reduction of the compaction up to the depth of 
actuation of the mechanism (Figure 1B and 1F). In 
contrast, the double disk practically did not alter the 

original structure of the soil, being inefficient in the 
mitigation of physical problems in the seeding row.

The magnitude of the benefits derived 
from the use of shanks in the rupture of the compacted 
layer is dependent on several factors. Among them 
are the intrinsic characteristics of the soil, the type of 
mechanism used and especially the depth of action 
(DRESCHER et al., 2017), since the mobilization 
of the soil allows the reduction of the density, which 
along with moisture, determines the degree of 
mechanical resistance to root penetration.

As the variables analyzed in the soil, the 
root systems of the plants were also influenced by the 
treatments in both harvests (Table 1). The double disk 

Figure 1 - Density (a), total porosity (b), microporosity (c), and macroporosity (d) of 
the soil in the soybean seeding row due to the use of seeder mechanisms in 
compacted lowland area. 2015/16 growing season. Santa Maria, RS. 2017. * 
Dashed line determines the critical limit for the density variables (REICHERT 
et al., 2009) and soil macroporosity (KAISER et al., 2009).
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caused the reduction of the dry mass of roots by 36 
and 23% in the phenological stadiums V7 and R5.1, 
when compared to the average of treatments with 
shank at 0.23 m and raised bed + shank at 0.12 m. 
The same trend was observed for the data obtained 
by the Winrhizo software (Table 1), where, in the 
R5.1 stadium, the reduction was 45, 42 and 36% for 
length, surface area and root volume, respectively. 
These results are in agreement with those obtained 

by SARTORI et al. (2016), where the use of the 
double disk generated a significant reduction in root 
development when compared to systems that allowed 
greater soil mobilization. Thus, it can be observed 
that the root development was directly proportional 
to the capacity of each of the furrowing mechanisms 
in breaking the compacted soil layer, and to allow a 
more efficient drainage in the zone of greater growth 
of the roots.

Figure 2 - Density (a), total porosity (b), microporosity (c), and macroporosity (d) of the soil 
in the soybean seeding row due to the use of furrowing mechanisms in compacted 
lowland area. 2016/17 growing season. Santa Maria, RS. 2017. * Dashed line 
determines the critical limit for the density variables (REICHERT et al., 2009) 
and soil macroporosity (KAISER et al., 2009).
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Soil compaction exerts significant changes 
in the morphology as well as in the growth of the 
root system of soybean plants (RAMOS et al., 2010). 
REINERT et al. (2008) cited that the ability of roots 
to explore the soil profile reduced when penetration 
resistance and density increased. The root elongation 
is dependent on the hydrostatic pressure inside 
the root, which has to be greater than the pressure 
exerted by the soil for its expansion (HAMZA & 
ANDERSON, 2005). Therefore, values of penetration 
resistance greater than 2 MPa are considered limiting 
to the adequate development of roots (LIMA et al., 
2010), as well as densities above 1.6 Mg.m-3, due to 
the soil clay content (REICHERT et al., 2009). These 
values were already reported from 0.1 m of depth on 

the double disc. In addition, with the exception of 
shank at 0.23 m, it was reported that in the 0.1-0.2 m 
layer, the soil macroporosity has always been below 
0.1 m3m3. According to KAISER et al. (2009), values 
below this critical point are considered restrictive to 
root growth, since this parameter is directly related 
to the diffusion of oxygen and CO2 in the soil, thus 
determining the soil aeration capacity.

The initial population of plants was similar 
among treatments at both growing seasons analyzed. 
For the dry mass of the aerial part, the treatments 
with shank at 0.23 m and raised bed + shank at 0.12 
m (Table 2) presented the highest values in the V7 
and R5.1 phenological stadiums in the two growing 
seasons analyzed, and did not differ statistically from 

Figure 3 - Distribution of soil resistance to mechanical penetration in planter 
using shank at 0.23 m of depth (A and E), shank at 0.13 m (B and 
F), double disk at 0.07 m (C and G) and raised bed+shank at 0.12 
m (D and H) in compacted lowland area. Volumetric humidity in 
the 0-0.3 m layer of 0.29 and 0.24 m3m-3 for 2015/16 (a, b, c and d) 
and 2016/17 (e, f, g and h) agricultural growing seasons respectively. 
Santa Maria, RS. 2017.
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S at 0.13 m in the first year. In addition, the lowest 
nodule of dry mass was verified with the double disk 
in all evaluations performed, where at the R5.1 stage, 
the reduction reached 65% when compared to raised 
bed + shank at 0.12 m. For the leaf area index, the 
same tendency of the variable of the nodule dry mass 
was observed. 

These results are a reflection of the 
ability of each furrowing mechanism to mitigate 
soil compaction losses on the plants. According to 
BEUTLER et al. (2012), the physical impediment to 

root growth associated with deficient aeration results 
in the reduction of water and nutrient absorption 
capacity. The restriction to the growth of the root 
system also causes an increase in abscisic acid 
(ABA) production in the roots, which, when exported 
to the aerial part of the plants, is responsible for the 
reduction of stomatal conductance, photosynthetic 
capacity and consequently, leaf expansion (TAIZ & 
ZEIGER, 2013). In addition, nodulation may also 
be affected by O2 in soils with low macroporosity 
and difficult drainage. This fact is due to the key 

 

Table 1 - Initial plant population (IPP), aerial dry mass (ADM) and root dry mass (RDM) of the soybean in the phenological stages V7 
and R5.1, and length (L), surface area (SA), relative volume (RV) and mean diameter (MD) of the soybean roots at the 
phenological stage R5.1 as a function of the use planter furrowing mechanisms in the compacted lowland area. Santa Maria, RS. 
2017. 

 

Treatments --------------------------------------------2015/16 Growing Season------------------------------------------- 

 IPP (plants.m-2) ---------ADM (g.plant-1)-------- -------------RDM (g.plant-1)------------- 
  V7 R5.1 V7 R5.1 
S (0.23 m) 26.0 ns 6.9 a* 17 a 1.6 a 3.1 a 
S (0.13 m) 25.8 6.4 a 16.1 a 1.5 a 2.9 b 
Double Disk (0.07 m) 25.0 3.8 b 12.1 b 1.0 b 2.5 b 
Raised bed+S (0.12 m)  25.4 7.6 a 18.9 a 1.7 a 3.5 a 
Mean 25.5 6.2 16.0 1.5 3.0 
CV (%) 10.3 14.6 11.3 9.5 12.9 
 L (cm) SA (cm2) RV (cm3) MD (mm) 
S (0.23 m) 2903 a* 431.9 b 5.19 b 0.472 c 
S (0.13 m) 2484 b 393.2 b 5.03 b 0.506 b 
Double Disk (0.07 m) 1382 c 242.3 c 3.42 c 0.558 a 
Raised bed+S (0.12 m)  3212 a 502 a 6.44 a 0.498 b 
Mean 2495.2 392.4 5.02 0.509 
CV (%) 10.8 13.4 11.6 3.4 
Treatments --------------------------------------------2016/17 Growing Season------------------------------------------- 
 IPP (plants.m-2) ---------ADM (g.plant-1)-------- ------------RDM (g.plant-1)-------------- 
  V7 R5.1 V7 R5.1 
S (0.23 m) 26.7 ns 7.4 a 27.6 a 1.8 a 5.2 a 
S (0.13 m) 26.1 6.0 a 20.1 b 1.4 b 4.3 b 
Double Disk (0.07 m) 27.8 4.7 b 15.9 b 1.3 b 4.2 b 
Raised bed+S (0.12 m)  25.5 6.8 a 25.7 a 1.9 a 5.8 a 
Mean 26.5 6.2 22.3 1.6 4.9 
VC (%) 6.2 13.0 17.6 9.5 15.5 
 L (cm) SA (cm2) RV (cm3) MD (mm) 
S (0.23 m) 3036 a 349.2 a 3.21 b 0.366 ns 
S (0.13 m) 2519 b 305.7 b 3.03 b 0.390 
Double Disk (0.07 m) 2010 b 241.5 b 2.54 c 0.382 
Raised bed+S (0.12 m)  3175 a 373.8 a 3.82 a 0.378 
Mean 2684.8 317.6 3.15 0.379 
CV (%) 19.6 14.9 8.9 4.7 

 
ns Not significant.; * Means not followed by the same letter differ from each other by the Scott-Knott test at 5% probability. (S 0.23 m) 
shank at 0.23 m depth; (S 0.13 m) shank at 0.13 m depth; (Raised bed+S 0.12 m) Raised bed associated to shank at depth of 0.12 m. 
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process of reducing atmospheric nitrogen to nitrate 
being catalyzed by the enzyme nitrate reductase, 
which is extremely sensitive to low levels of O2 in 
the soil (AMARANTE & SODEK, 2006). Biological 
nitrogen fixation is a metabolic process of high energy 
demand, requiring 16 ATPs for the complete reduction 
of a molecule of N2 to NH3 (TAIZ & ZEIGER, 2013).  
Thus, the concentration of O2 at appropriate levels in 
the bacteroid zone is fundamental for the maintenance 
of cellular respiration. 

The improvement in the physical attributes 
of the soil and consequently, of the development 
of plants is reflected in the productivity of grains. 
The shank treatments at 0.23 m and raised bed + 
shank at 0.12 m presented the highest yields in the 
two growing seasons analyzed, and did not differ 
statistically among themselves. In the first one, the 
use of the double disk and the shank at 0.13 m resulted 
in the reduction of 385 and 279 kg.ha-1, respectively, 
when compared to the average of the treatments with 
higher productivity. In the 2016/17 growing season, 
the same tendency is observed; however, with larger 
reductions, reaching 942 and 470 kg.ha-1. The highest 
average yield (4093 kg.ha-1) verified in the 2016/17 
growing season can be explained by the date of 
seeding, where, in the first year, it was held out of 

the preferential season (04/01/2016), thus losing 
productive potential.

In general, it can be observed that 
the physical limitations of the soil impaired the 
development of the plants. The shank at 0.23 m, due 
to reducing the effects of compaction in the sowing 
row, allowed a greater growth of the root system of the 
plants, which is directly responsible for overcoming 
the frequent period of hydrical stress that occur in 
these areas. As a consequence, this treatment enabled 
higher LAI and MDN, which are factors considered 
crucial in obtaining high productivity. In addition, 
both growing seasons analyzed presented elevated 
rainfall during the development of the crop, with 
562 mm in the 2015/16 and 918 mm in the 2016/17 
growing season. From this perspective, the raised 
bed+S (0.12 m) made a faster and more efficient 
drainage of the area possible due to the construction 
of the “micro-drainages”. 

CONCLUSION

The shank at 0.23 m depth provided the 
increase of macroporosity and the reduction of the 
mechanical resistance to the penetration of the soil in 
the seeding row, in the 0-0.2 m layer.

 

Table 2 - Leaf area index (LAI) and nodules dry mass (NDM) at V7 and R5.1 phenological stadiums, number of pods per plant (NPP) and 
grain yield of the soybean due to the use of planter furrowing mechanisms in compacted lowland area. Santa Maria, RS. 2017. 

 

Treatments --------------------------------------------2015/16 Growing Season---------------------------------------- 

 --------LAI (m2.m-2)-------- --------NDM (g.plant1)------ NPP Yield (kg.ha-1) 
 V7 R5.1 V7 R5.1   
S (0.23 m) 2.37 a* 4.11 a 0.241 a 0.789 a 38.8 a 3440 a 
S (0.13 m) 2.16 a 3.80 a 0.239 a 0.800 a 34.6 b 3197 b 
Double Disk (0.07 m) 1.36 b 2.70 b 0.123 b 0.562 b 31.2 b 2991 b 
Raised bed+S (0.12 m)  2.49 a 4.19 a 0.200 a 0.854 a 38.6 a 3513 a 
Mean 2.09 3.70 0.201 0.751 35.8 3285 
CV (%) 9.1 14.5 21.1 10.2 10.2 6.4 
Treatments ----------------------------------------2016/17 Growing Season-------------------------------------------- 
 --------LAI (m2.m-2)-------- -------NDM (g.plant-1)------ NPP Yield (kg.ha-1) 
 V7 R5.1 V7 R5.1   
S (0.23 m) 2.73 a 6.18 a 0.288 a 1.401 a 54.1 a 4563 a 
S (0.13 m) 1.79 b 4.48 b 0.215 b 0.983 b 43.1 b 3976 b 
Double Disk (0.07 m) 1.52 b 4.07 b 0.137 c 0.946 b 43.1 b 3504 c 
Raised bed+S (0.12 m)  2.11 b 5.76 a 0.203 b 1.472 a 59.6 a 4329 a 
Mean 2.04 5.12 0.211 1.20 50.0 4093 
CV (%) 17.4 16.7 16.2 14.0 8.9 6.1 

 
*Means not followed by the same letter differ from each other by the Scott-Knott test, at 5% probability. (S 0.23 m) shank at 0.23 m 
depth; (S 0.13 m) shank at 0.13 m depth; (Raised bed+S 0.12 m) Raised bed associated to shank at depth of 0.12 m. 
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The seeding with a 0.23 m shank and a 
raised bed+ shank at 0.12 m allowed a higher yield 
of soybean grains in lowland areas with a compacted 
layer close to the soil surface.
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