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ABSTRACT: The objective of this work was to qualify the improvement of the physical properties of the soil and the reduction
of weeds by combining the management of the superficial cover associated with a strategy of physical improvement soil in the
drilling, seeking the maintenance of the no-tillage system. The experiment was carried out in the 2015/16 and 2017/18 harvests,
using a randomized block design in a two-factorial scheme (3 2) with three managements of the ground cover (chopped, rolled
and natural) and two depths of planter’s shank (7 and 12 ¢cm). Counts and identification of weeds emerged in the row and between
the lines of the soybean crop at 20 and 40 days after emergence, bulk density, mechanical resistance of the soil to penetration
and total soil porosity in the flowering of the soybean culture were measured. The management of the straw cover combined
with the depth of action of the planter shank influenced the emergence of weeds, as well as, the increase in the depth of the
furrow improvement of the physical environment of the soil in the sowing line, reducing penetration resistance, bulk density and
increasing total porosity.
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Manejo da palha associada a estratégia de melhoria fisica
do solo na emergéncia de plantas daninhas

RESUMO: O objetivo desse trabalho foi qualificar a melhoria das propriedades fisicas do solo e a redugéo de plantas daninhas
pela combinagdo do manejo da cobertura superficial, associada a uma estratégia de melhoria fisica do solo na semeadura
buscando a manutengéo do sistema plantio direto. O experimento foi realizado nas safras 2015/16 e 2017/18, utilizando o
delineamento experimental de blocos ao acaso em esquema bi-fatorial (3 x 2) com trés manejos da cobertura solo (triturada,
rolada e natural) e duas profundidades de atuagéo da haste sulcadora da semeadora (7 e 12 cm). Foram quantificados: contagens
e identificagdo de plantas daninhas emergidas na linha e entrelinha da cultura da soja aos 20 e 40 dias ap6s emergéncia,
avaliacdo da densidade do solo, resisténcia mecanica do solo a penetragdo e porosidade total do solo no florescimento da
cultura da soja. O manejo da cobertura da palha combinado com a profundidade de atuagdo da haste sulcadora influenciaram
na emergéncia das plantas daninhas, bem como, o aumento da profundidade da haste sulcadora na semeadura resultou
nas maiores produtividades da cultura da soja, e na melhoria do ambiente fisico do solo na linha de semeadura, reduzindo a
resisténcia da penetracao, densidade do solo e aumentando a porosidade total.

Palavras-chave: sulcador; semeadura; compactagao do solo; palha; porosidade total
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Management of superficial straw associate with strategy of physical improvement of the soil in the emergence of weeds

Introduction

The no-till farming system (NTS) occupies a large part of
the Brazilian agricultural soils, having countless advantages.
Some of these are the following: reduction of soil temperature
oscillation that keeps the soil biodiversity preserved;
decomposition of crop residues, providing increased soil
fertility; and presence of vegetation cover, reducing the
erosive processes. One of the pillars of this production system
is the permanent soil covering, hailing from the remains of the
previous crop (Karayel & Sarauskiset, 2019).

Besides the benefits related to the soil, this production
system provides a reduced seed germination in photoblastic
positive weeds (Silva et al., 2016). These advantages, when
in association, result in increased crop yield and system
sustainability (Qiu & Wang, 2018; Karayel & Sarauskiset,
2019). In a maize crop under NTS, the cover management
prior to the sowing reduced weed infestation in accordance
to the straw (Favarato et al., 2014). Rolling the black oat cover
was more efficient, compared to non-rolling it, in suppressing
the “capim-papaud” or plantain signal grass (Urochloa
plantaginea) (Silva et al., 2016).

Not inverting the soil, another indispensable point in the
NTS, has been causing problems regarding compaction of
the soil physical structure. This occurs mainly due to intense
agricultural machinery traffic, lack of crop rotation and
execution of management practices, with the soil being above
the friability point and close to its plastic limit (Botta et al.,
2016). Among the decompaction forms employed is the use of
subsoilers and/or scarifiers, implements capable of breaking
compacted soil layers in the subsurface. However, its effects
tend to disappear in up to 24 months (Drescher et al., 2016;
Milagres et al., 2018).

Another feasible way in mitigating the compaction effects
is by increasing the action depth of the fertilizer shanks
during the sowing (Rosa et al., 2015). This allows reducing
the compaction in the first 15 cm of depth while keeping the
premise of not inverting the soil (Trentin, 2015; Drescher et
al., 2016; Sivarajan et al., 2018). However, the studies relating
the effects on both physical properties and weed population
dynamics are still scarce. Therefore, the objective of this study
was to qualify the efficiency of the surface cover management
associated with a strategy of physically improving the soil at
sowing, both on enhancing the soil physical properties and on
the weed emergence, seeking to keep of the no-till system.

Materials and Methods

The experiment was conducted in a Red Nitisol (Embrapa,
2018) under the no-till farming system for over 16 years,
located in the agricultural production area of the Federal
Institute of Education, Science and Technology of Rio Grande
do Sul —Sertdao Campus, in the municipality of Sertdao —RS. This
research was conducted in two agricultural years, 2015/2016
and 2017/2018, with the soybean crop (Glycine max L.) sown
on 22/11/2015 and 30/11/2017 under white oat (Avena
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sativa L.) cover having the dry weight of 6.7 and 5.3 Mg ha?,
respectively.

Treatments were distributed in a randomized block
experimental design with a two-factor design. Factor “A”
corresponded to the straw cover managements: chopped,
rolled and natural (not managed). Factor “B” corresponded
to the depth of the fertilizer shank: 7 (control) and 12 cm
(physical improvement strategy). Four replicates were used
with plots of 4.2 x 7.0 m, with 5.0 m between plots and 0.5 m
between blocks.

Cover crops were desiccated with glyphosate (720 g a.i.
ha?) during the pre-sowing of the soybean crop. In factor “A”,
the mechanical straw management was performed two days
prior to the sowing, with a straw chopper from the Jan® brand,
model Tritton 2300, used to manage the chopped straw
cover. As for the rolled straw cover, a hydraulic dump box was
coupled to the tractor, driven close to the ground in order to
promote a plant tumbling action. The crop was implemented
by using a Semeato® multiple seeder, model SHM 15/17 with
7 rows spaced 0.45 m apart and equipped with guillotine-type
fertilizer shanks, noting that all fertilization cultural traits and
phytosanitary applications were the same for all treatments.

The determination of the soil physical state was during the
soybean crop flowering, period of the greatest plant intake in
relation to the soil physical state, as well as 2 months after
implementing the physical treatments. Data were collected
on the soil mechanical resistance to penetration (PR), bulk
density (BD) and total porosity (TP). PR was measured in
transect to the sowing row to later provide the isolines map
of this parameter. To this end, the measurement was taken
at the sowing row and three more points equidistant to its
right and left, with spacing of 0.05 m and measurement depth
of 0.3 m. A digital penetrometer, the Penetrolog from Falker®
brand, was employed at field capacity condition (gravimetric
moisture was 0.312 g g in 2015/2016 and 0.308 g g* in
2017/2018). SD and TP were performed according to the
methodology proposed by Embrapa (2017), by collecting soil
in a structure preserved in stainless steel cylinders (0.05 x 0.05
m) on the rows and inter-rows at the depths from 0.02 to 0.07
m, 0.07t00.12 m, and 0.12 to 0.17 m, to evaluate the effect of
mobilizations performed during physical treatments.

Crop yield was measured by cutting and trailing plants
arranged in 2.0 m? of the plot, performed on the central rows,
with the yield being adjusted to 13% grain humidity. The
evaluation of weed incidence was by counting the number of
emerged weeds at two different moments: at 20 and at 40
days after sowing (DAS). Countings were performed in the
rows and inter-rows, trying to verify the mobilization influence
of the fertilizer shank in this parameter. To this end, this
procedure was performed in an area of 4.0 x 0.1 m, with this
location fixed for evaluation at the two moments of analysis.
After each counting, weeds were controlled with glyphosate
(720 g a.i. hal).

A joint analysis of experiments was conducted in order to
determine the effect of the season on the analyzed variables
(Banzato & Kronka, 2006). The analysis of variance and
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comparison of means by the Tukey test were performed using
the Sisvar 5.6 software. The Surfer 14° software was also used
to prepare the isoline maps of the PR, through the kriging
interpolating method.

Results and Discussion

The joint analysis of experiments revealed the mean
square of the isolated experiments (2015/16 and 2017/18
crops) demonstrated a ratio greater than 7:1. Therefore,
the experiments must be presented individually (Banzato &
Kronka, 2006). Moreover, during the two seasons that the
experiments were conducted in, SD and TP did not differ
along the soil profile starting from 0.07 to 0.17 m (data not
presented). Thereby, only the data starting from the 0.02 to
0.07 m layer will be presented (Table 1) for characterizing the
soil physical structure, superficially, and to establish relations
with the weed emergence and the soil physical condition.
Combined to this is the fact weed seeds in the soil are mainly
concentrated in its superficial layer when under the no-till
system (Silva et al., 2016). The non-significance of SD and
TP along the soil profile is probably related to the absence
of changes in these physical parameters, indicating that the
mobilization by the shanks did not change such properties
and there are no physical problems in the area. This condition
was also found when comparing the NTS with a scarified soil
(Calonego et al., 2017) and when comparing the NTS with a
scarified + harrowed soil (Cherubin et al., 2015).

Table 1. Bulk density (BD) and total porosity (TP) of the
soil in the layer from 0.02 to 0.07 m under different straw
management, action depths of the seeder shank (NTS7 and
NTS12), collection location and F test in 2015/2016 and
2017/2018 crops.

*Means followed by the same letter did not differ from each other by Tukey test (p > 0.05)
1 NTS7: No-till system with fertilizer shank acting at 7 cm; NTS12: No-till system with
fertilizer shank acting at 12 cm; CV: Coefficient of variation
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In 2015/16 crop under NTS12, the SD (1.22 Mg m3)
differed from NTS7 (1.24 Mg m?3), indicating lower density
when using the fertilizer shank at greater depths. However,
this parameter had significant interaction between straw and
physical managements and thus it is displayed in Table 2. In the
collection position, there was a difference in both evaluated
years, with the shank effect in the sowing row, in this case,
being independent of its working depth, decreasing the SD and
increasing the TP, hence providing improvement for the soil
physical state. Using a fertilizer shank at greater depths, when
establishing the maize crop, provided a greater SD reduction
and TP increase in the sowing row, being able to even break
the compacted soil layer (from 0.07 to 0.15 m), resulting in
improved root development (Drescher et al., 2017).

Analysis of variance was significant in the straw
management in the two variables analyzed during the year
2015/2016, and in the year 2017/2018 it had an effect on
porosity. In the first year, the chopped cover had higher SD
and lower TP when compared to the rolled and natural straws;
yet during the second year, the natural condition (57.54%)
differed from the rolled one (53.94%), which was the lowest.
Chopping the cover increases the decomposition speed and
consequently decreases the buffering effect of the stresses
generated by traffic on the soil (Castioni et al., 2019). Thus,
it provides greater susceptibility to soil compaction as well as
greater exposure to impact of drops, which generates greater
particle disaggregation, clogging the macro-pores and resulting
in the reduced water infiltration into soil. This transforming
action of the plant in small proportions may be corroborating
the SD increase that occurred during the first year.

Total soil porosity, a parameter that demonstrates the
porous space of the soil structure, was not influenced by the
shank action (Table 1). However, during the second year, total
porosity was higher with the shank at the greatest depth. In
Red Oxisol, changes in the soil pore space occurred with the
reduction in microporosity and the increase in macroporosity
when using the fertilizer shank at greater depths during the
sowing (Drescher et al., 2016).

In these determinations, the interaction between the
factors was not significant with the exception of SD during
the first year, when there was a combination effect between
physical and straw managements (Table 2). There, the
furrower at greater depth, regardless of straw management,
provided a SD reduction.

Soil mechanical resistance to penetration (PR), which
provides the resistance the roots have to develop, reached up
to 3.4 MPa during the first year (Figure 1) and 2.2 MPa in the

Table 2. Bulk density in the interaction of physical and straw
managements during 2015/2016.

*Means followed by the same uppercase letter did not differ from each other by Tukey
test (p 2 0.05)
TNTS7: No-till system with fertilizer shank acting at 7 cm and at 12cm (NTS).
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A. B.
C D.
E. E

NTS7: No-till system with fertilizer shank acting at 7 cm; NTS12: No-till system with fertilizer shank acting at 12 cm.
Figure 1. Isolines maps of the soil mechanical resistance to penetration (MPa) for 2015/2016. A. Chopped straw in NTS7" and B.
NTS12; C. Rolled straw in NTS7 and D. in NTS12; E. No straw management, natural in NTS7 and F. NTS12.

second year (Figure 2) in this study. Values below 2.5 MPa do the root growth is impossible (Reichert et al., 2008). In the
not have any limitations for root growth; values between 2.6  treatments under NTS12 (Figure 1B, D and F), having some of
and 10 MPa have some limitations, but when above 10.1 MPa the 2.5 MPa restriction as reference, the values appear only
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A. B.
C D.
E. E

INTS7: No-till system with fertilizer shank acting at 7 cm; NTS12: No-till system with fertilizer shank acting at 12 cm.
Figure 2. Isoline maps of the soil mechanical resistance to penetration (MPa) for 2017/2018. A. Chopped straw in NTS7" and B.
NTS12; C. Rolled straw in NTS7 and D. in NTS12; E. No straw management, natural in NTS7 and F. NTS12.

below the 12 cm depth. However, when under NTS7 (Figure shank on the soil physical improvement, thus corroborating
1A, Cand E) they are just before or near the 10 cm depthinthe Rosa et al. (2015), where this management reduced the soil
sowing line, emphasizing the effect of deepening the seeder mechanical resistance.
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The largest area with restrictive PR was in the chopped
management, covering a range of 7 to 18 cm in NTS12 (Figure
1B), with the shank effect in the sowing row visible in this
treatment, generating a reduction to up to 2.0 MPa. This
fact combined with higher density (1.25 Mg m) (Table 2)
and lower total porosity (43.00%) may result in reduced crop
yields. Under these conditions, in the experiment of Botta et
al. (2016) with soybean crop, there was a reduction of 15.3;
21.0; and 22.1% in production during 2010, 2011 and 2012
respectively, when the soil resistance went beyond 2.0 MPa
due to traffic action from a harvester. Traffic pressure during
the first year was concentrated approximately between 7 and
22 cm, also found by Trentin (2015) in his studies. During the
second year, the PR reduced 54.4% (Figure 2), with overall
oscillation from 0.4 to 1.9 MPa, except for few small areas,
spots of 2.2 to 2.5 MPa, probably from some action of the
grips from tires of harvesters.

When comparing the managements, there was a reduction
in resistance when adding the shank at 12 cm; however, as
the values found here are not restrictive, there will be no
impediment to root development in relation to soil resistance.
When comparing the years, there was an improvement in
the data, fact probably linked to the temporal action of the
treatments, since the no-till farming management system
recommends crop rotation among other things. Table 3
demonstrates that the amount of Raphanus raphanistrum
emerged was much higher during the second year, with the
said fact responsible for improving the soil physical state
under NTS in the studies of Guedes Filho et al. (2013).

Regarding weed dynamics, the main occurrences in
both crops were Digitaria horizontalis (crabgrass), Raphanus

raphanistrum (turnip) and Ipomoea grandifolia (little bell).
Digitaria horizontalisinthe 2017/18 crop (Table 3) demonstrated
higher densities in the rolled straw management. In chopped or
rolled straw managements, there may be spaces without any
or with less coverage that allowed this weed development, as
this species is photoblastic positive and needs light to begin its
germination process (Barroso et al., 2019).

During the 2015/16 crop, there were also larger amounts
of Digitaria horizontalis in the row compared to the inter-row.
In the first one, there was less straw and more disturbance
by the fertilizer shank. Soil mobilization, regardless of the
method, promotes greater weed density, indicating a greater
care in additional control prior to sowing in order to avoid
reduced yield caused by weeds (Nagahama et al., 2014).
Regarding the species Raphanus raphanistrum, in the 2015/16
crop, the highest density also occurred in the chopped straw,
which was not repeated in the following year, where the straw
management had no effect on the occurrence of this species.

Total density of weeds and the species Ipomoea grandifolia
and Digitaria horizontalis showed interaction between straw
management with the occurrence location (row or inter-row)
(Table 4) in 2015/2016. Chopped straw management affected
more intensely the Digitaria horizontalis, thus resulting in
larger amounts of the species. In other straw managements,
there was a reduction of more than 50% in the inter-row, which
again demonstrates the inverting action of the fertilizer shank.
One of the factors responsible for increasing the density and
number of emerged species is the soil disturbance provoked
by the shank (Nagahama et al., 2014).

The highest density of Ipomoea grandifolia occurred in the
inter-row, except in chopped straw. Occurring simultaneously

Table 3. Total weed density (plant m™) in the different straw managements, action depths of the seeder shank, in the row and
inter-row of the soybean crop during 2015/2016 and 2017/2018 and F test.

"Means followed by the same letter did not differ from each other by Tukey test at 5% (*) of probability. ns: not significant; CV: coefficient of variation;
2 Means and comparison test for the main effects “Straw Management” and “Locations” are not presented for the species D. horizontalis and I. grandifolia, since the interaction

between these two factors is displayed in Table 4.

3 NTS7: No-till system with fertilizer shank acting at 7 cm; NTS12: No-till system with fertilizer shank acting at 12 cm.

Rev. Bras. Cienc. Agrar., Recife, v.16, n.1, €7439, 2021

6/9



Management of superficial straw associate with strategy of physical improvement of the soil in the emergence of weeds

Table 4. Density (plants m™2) of Digitaria horizontalis, Ipomoea grandifolia and total in the interaction between straw management
with the position in the row and inter-row of the soybean crop in 2015/2016.

*Means followed by the same uppercase letter in the row, or lowercase in the column, did not differ from each other by the Tukey test (p 2 0.05). CV — Coefficient of variation.

with the spreading of straw, the chopping action does not
affect this weed or Digitaria horizontalis in terms of location
in the row or inter-row. Allied to this, I. grandifolia is not
responsive to the greater or lesser soil disturbance at the
different seeder shank action depths. In this species, the straw
is not efficient in its suppression as the seeds are photoblastic
negative (Barroso et al., 2019).

Total weed density was higher under the chopped
straw management in the inter-row, thus differing from the
other managements, which had a reduction of 46.6 and
49% respective to rolled and natural straws. As mentioned
beforehand, there may be spaces between the straw particles
in the chopped treatment, thus favoring the solar luminosity
into the soil. When comparing unrolled and rolled straw in
the longitudinal direction, weed dry weight increased from
427.25 to 1559.27g m?, respectively (Santos et al., 2020).
Changing the rotation of the razor drive mechanism from
2200 rpm to 1600 rpm resulted in weed dry weight of 125.8
and 240.1 g/0.25 m?, respectively (Brighenti et al., 2011).

Total weed density was significant during the 2017/18
crop in the interaction between furrowing depth and location,
row or inter-row (Table 5). This was lower under the NTS12
management in the row position, with the inter-row having an
increase of 131.4% in this treatment. This demonstrates that
the hypothesis of a greater rolling by the furrowing element
in the sowing row, aiming at physical improvement, will not
result in increased weed density.

The soybean crop yield (Table 6) demonstrated interaction
between the factors of straw management and action depth
of the seeder shank during the first season only, for isolated
factors there was influence of straw management in this same
season. In the chopped and natural straw cover condition, the
highest yields occurred during the first year, differing from
the rolled straw condition. This yield reduction in the area

Table 5. Total density of emerged weeds (plant m?) according
to the interaction between the action depths of the seeder
shank and the weed occurrence in the row or inter-row of the
crop during the 2017/18 season.

* Means followed by the same uppercase letter in the row, or lowercase in the column,
did not statistically differ from each other by the F test (p > 0.05).

NTS7: No-till system with furrower acting at 7 cm; NTS12: No-till system furrower acting
at12cm
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Table 6. Soybean vyield (kg ha?) during the 2015/2016 and
2017/2018 seasons under different straw managements and
fertilizer shank depths, and F test.

*Means followed by the same letter in the straw management and in the furrowing
depth do not differ statistically from each other, by the Tukey and F tests (p > 0.05)
respectively; CV = coefficient of variation

INTS7: No-till system with fertilizer shank acting at 7 cm; NTS12: No-till system with
fertilizer shank acting at 12 cm

with rolled straw should be related to the soil physical state,
which had a high soil area with resistance above 2.5 MPa
(Figure 1C, D). In areas with low weed incidence, Silva et al.
(2016) mention that straw management does not influence
the crop yield, only the cover decomposition speed and seed
distribution in the soil. This disagrees with the data found in
this study, probably due to the soil physical conditions that
here show restrictive effects on plant development.

In the condition that the soil is, we verified that physical
action did not influence yield, although there was a reduction
in soil strength (Figure 1) and SD (Table 1) during the first year,
and a TP increase (Table 1) during the second, which points
to physical improvements; yet these were not enough to
increase yield. However, using furrowers during the soybean
sowing operation in the state of Parand minimized the soil
compaction effects and consequently attained higher yields
(Trentin, 2015).

The interaction of straw management with the furrower
depth was significant only in the first year (Table 6); this
difference shown in Figure 3, in which the rolled straw had
the lowest yield, differing from the other managements,
which also occurred in both furrowing depths. This
situation, as aforementioned, is linked to the soil physical
condition (Figure 1C, D), as this treatment was the one that
demonstrated the lowest weed density (Table 3 and 4); in
other words, there was no weed competition in the soybean
crop for this treatment.
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*Means followed by the same lowercase (comparing stra management) or uppercase
letters (comparing between furrowing depths) do not differ statistically from each other,
by the Tukey and F tests (p > 0.05), respectively

Figure 3. Soybean crop vyield at the different straw
managements and seeder shank depths during the 2015/2016
seasons.

Conclusion

Straw cover management associated with the action
depth of the fertilizer shank during sowing influenced weed
emergence, with a tendency for greater populations under
the conditions of chopped or rolled straws.

Increasing the shank depth reduces the soil mechanical
resistance to penetration and the bulk density, and increases
the total porosity, thus serving as a technique to improve the
soil physical state in the no-till farming system.
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