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ABSTRACT

The objective of this research was to assess soybean productivity in succession to cover crops grown during the
winter, in addition to assessing physical properties macroporosity (Ma), microporosity (Mi), total porosity (Pt), soil
density (Sd) and aggregate stability by means of the following variables: aggregate stability index, geometric mean
diameter and weighted mean diameter after soybean crop cultivation. The experiment was conducted in the municipality
of Quatro Pontes, PR, using a randomized-block design with six treatments and four replications. Treatments consisted
of soybean crop grown on top of different cover plants’ haystack: black oat, black oat + forage turnip, forage turnip,
black oat + forage pea, forage pea and control. Significdateliices were observed for soil macroporosity and density
At the depth of 0.10 m, the highest Ma was observed in the area with oat and oat + turnip Heyaitaekdepths, all
cover crops were superior to contrdteatments with cover crops werdi@ént in reducing soil PRAs for soil
aggregation, the treatment with pea was superior to control for weighted mean diheeteratments with soybean
sown after intercropping obtained greater mass, as well as higher productivity

Keywords: green fertilizers, soil aggregatiagblycine mat., production.

INTRODUCTION degradatia and consequent reduction in the productive

Soybean crops@lycine max L). have been standing capacity ofthese areas (Gomeial, 2011). .
. . . . . To help reverse the physical degradation process the
out in the agricultural sector with their great economic

importance, being a Brazilian commodity that contribute%OII goes through, as well as to prevent crops’ productivity

to leverage agricultural growth inthecountry(BrancaIiél)osseS‘ several soil management practices are

& Moraes, 2008)According to research by the Nationalf€cOmmended, such as direct seeding system (DSS), green
Supply Companysoybean had a growth of 1.9% in p|(,jm,[e(§ert|I|zat|on, intercropping, crop rotation, among others

area, compared to the previous harvest, and a productigifnto®tal, 2008).
of 113.9 million tons (Conab, 2017). The use of green fertilizers can aid in soil recoyvery

In Parana, the area planted with this oilseed in the 201BJProving physical, chemical and biological conditions,
2017 harvest totaled 5,249.6 thousand hectares, wits allowing commercial crops to develop well, in addition
average productivity of 3,721 kg-havhile total production to providing sufficient soil cover so that DSS is
was 16% higher than that of the 2015/2016 harvest (Con&®nsolidated (Suzulét al, 2007). Crop residues left by
2017). Despite increases in crop production, it is knowgpVver plants in the soil promote the improvement or
that monoculture linked to an inadequate cultivation ghaintenance of chemical properties (Casahl, 2016)
agricultural areas has been causing a process aifd phystal properties, with highlight to aggregate
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stability and soil porositybesides biological properties replications per plot for both assessments. When the
(Moraeset al,, 2016). soybean crop reached the harvest point (stage R8), harvest
Another limiting factor for crop development is thewas done and assessments were carried out for number of
degradation of the soil structure, which, due to intensiygods per plant; mass of 1,000 beans (mass mean of 8
use, causes particles to disaggregate and, consequestfpsamples of 100 beans on precision scale, corrected for
will restrict root growth, leading to poor crop development 3% of moisture) (Brasil, 2009); and yield (mass produced
and decreased productivity (Pedrettal, 2001). in the plot corrected to 13% of moisture, estimating
Therefore, systems that support or preserve sqgitoductivity for kg ha).
aggregation, such as DSS, should be prioritized, and so After soybean harvesting, two undisturbed soil
the latter is consolidated, soil cover is essential, being osamples were collected in each plot to determine
of the basic premises of DSS, which can be maintainggacroporosity (Ma), microporosity (Mi), total porosity (Pt)
using green fertilizers during the wintgreceding the and soil density (Dsh Uhland auger with a metal cylinder

summer crop. (Kopeck Ring) with a known volume of 0.5 m3in the layers
0-0.1wasused.0.1-0.2and0.2-0.3and 0.3-0.4 m. Ma, Mi
MATERIAL AND METHODS and Pt analyzes were performed on a stress table with

potential of -0.006 MPa (light suction), and Ds by the
relation between dry soil mass and total collected soil vo-
_ lume (Embrapa, 2011).

The research was conducted at a private property g ojls resistance to penetration was evaluated using
located in the municipality of Quatro Pontes, PR. Ithe Falker digital penetrometé?enetroLOG-PGLL020
geographic coordinates are 54°00°00.5" W anthqqe| with five determinations per plot. Falker

24°34'12.3"S, with an altitude of 420 meters and aVera@’ﬁenetrometer data were extracted from digital memory and

slope of .4%. The soil is classified as a cIay-t_exture%aerd atevery 0.05 m depth up to 0.4 m. During sampling,
Eutroferric Red Latosol (Santesal, 2013).The regions ojj sample was removed from each plot at the 0-0.2 and

climate type, according to Koppen classification, is Cigy 5_q 4 m Jayers, for moisture analysis through standard
subtropical, humid and mesothermal (Cavigli@eal, g0enhouse method (Embrapa, 2011), which presented on
2000). _ _ ) average 0.2 kg kbof water

The winter crops were planted n_mechamcally using 45, The stability of moist aggregates was assessed as per
15 and 80 Kg haof seed, respectiveljor forage pea i, qo10gy described by Kiehl (1979) at the 0-0.2 and
(Pisum sativum 1, cultivar IARR 83, forage wmip  » ( 4 1 laveraneighted mean diameter (WMD) (Kiehl,
(Raphanus sativuk.), cultivar IPR 116, and black oat 1979), geometric mean diameter (GMD) (Kemper &

(Avena stngosa 3. cultivar EMBRAR 139.As for the Rosenau, 1986) and aggregate stability index (ASI) were
forage turnip + black oat, and forage pea + black oat

Betermined (Silva & Mielniczuk, 1997).
intercrops, 5 and 30 kg #a25 kg and 30 kg heof seeds ( ' )
were used, respectivelilo base fertilization was used. Statistical analysis
The experimental design used was of randomized-block Data were tabulated and subjected to analysis of

type with six treatments and four replications. Each pIQ/tariance considering a 5% level of significance for the F

measured 10.0 mlong and 5.0 m wide, totaling 50 m test. When significant, means were compared by the Tukey

AL 100 d_ays after sowing, the covgr plants Weltast at 5% probability using the statistical software Sisvar
managed using 2.75 kg-haf glyphosate acid equivalent. (Ferreira, 2011)

The soybean crop was planted mechanically on September
23, 2016, and the cultlyar §eeded was NA 5909 RR (Nider ESULTSAND DISCUSSION

with 0.45 m of spacing in between rows and 14 seeds/

linear meter; base fertilization used 280 kg bithe 2-20- Results obtained in the assessment of soil physical
15 formulation. Phytosanitary treatments were carried optoperties after soybean cultivation in succession to
according to the cropseeds, using as a basis Embrapadifferent winter cover crops showed significance for
technical recommendations and the preventive control nfacroporosity (Ma) and soil density (Sd) at different layers
fungal diseases that affect the crop as per local technicdlassessment éble 1).

Experimental design, implementation and data
collection

recommendation. The Ma observed in treatments with oat, oat + turnip,
] and forage for haystack obtained results higher than those
Collection and analyses found for control at the 0.0-0.1 m layeafle 1). For the

Before soybean maturation, at R6 stage, two variablether evaluation layers, all treatments were superior to
were assessed: plant height and plant population, with ¢6ntrol for Ma. This improvement occurs due to the
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aggressive and abundant root system of the cover plard#fering from control at the 0.1-0.2 m layer; for the 0.2-0.3
which cause soil disarrangements and, while decomposimglayer in turn, all treatments presented lower Sd values
leave channels (biopores) that contribute to improving treampared to contrad’(Table 1).
soil's physical quality (Foloret al., 2006). For the superficial layer and the deepest layer of
The influence of green fertilization on physicalassessment, no significant differences were found between
characteristics of soils is also due to them promoting greatezatments used éble 1). For the soil surface layiwas
accumulation of vegetal material deposited on the soppssible, in some cases, for DSS, to find higher values
which raises soil organic matter (SOM) levels, as well @ean those of conventional systems, but, over the years,
aggregate stabilifyporosity and moisture retention SOM accumulation tends to reduce this density (Stone &
capacity (Gazollat al, 2015). Sanchez (2012), in similarSilveira, 2001), which may justify the superficial layer not
study observed increased Ma at layers of 0.1 to 0.2 rpresenting differences between treatments.
showing that winter crops acted to promote changes in Continuous use of direct seeding systems can alter
this physical attribute of the soil, corroborating the resulsoil density at superficial layers, which could impair the
found in this investigation. proper development of commercial crops; howgwéen
Soil microporosity (Mi) and total porosity (Tp) cover crops are used, because the root system causes the
presented no significant differences between soybearganic descompaction of the soil, besides improving soil
cultivation on top of different haystacks, and it can bstructure, crop productivity ends up being favored (Silveira
stated that, for significant changes to happen to thestal, 2008).
physical properties of the soil, more than a year of When it comes to the salpenetration resistance (Pr),
cultivation is necessary significant difference (p < 0.05) was found between
For soil density (Sd), there was difference betweetneatments used for depths assessed. For depths of 0.10 to
treatments at 0.1-0.2 m and 0.2-0.3 m layers; the treatm@f0 m and 0.4 m, there was difference between treatments
with oat and forage pea stood out with a smaller Sdpmpared to control (Figure 1).

Table 1 Average results for soil physical properties wittied#nt winter cover plants and depths of evaluation.
Means followed by the same lowercase letter in the line do not differ statistically from each other by the Tukey test at 5%
probability ns: Not significant

Macroporosity (f§m
Depths(m) - P v ( - )
Oat Turnip Pea Turnip+Oat Pea+Oat Control
0,0-0,1 0.1102 a 0.1032 ab 0.1069a 0.1125a 0.1058 ab 0.0990 b
0,1-0,2 0.1013 a 0.1030 a 0.1031a 0.1073 a 0.1031a 0.0903 b
0,2-0,3 0.0999 a 0.0997 a 0.0971a 0.1012 a 0.0993 a 0.0883 b
0,3-0,4 0.0962 a 0.0959 a 0.0956a 0.0961 a 0.0962 a 0.0825 b
Microporosity (fm=)
Oat Turnip Pea Turnip+Oat Pea+Oat Control
0,0-0,1 0.4323° 0.4353 0.4278 0.4535%¢ 0.4636° 0.4408
0,1-0,2 0.4503 0.4407 0.4698 0.4108° 0.4659s 0.4711
0,2-0,3 0.4270 0.4551 0.4907 0.4784¢ 0.4750¢ 0.4804
0,3-0,4 0.4544 0.4655 0.4734 0.4529¢ 0.4757¢ 0.4690
Total porosity (m® m=)
Oat Turnip Pea Turnip+Oat Pea+QOat Control
0,0-0,1 0.5427¢ 0.5411 0.5362 0.5662 0.5705 0.5398
0,1-0,2 0.5478 0.5443 0.5729 0.5182 0.5690 0.5612
0,2-0,3 0.5286 0.5548 0.5879 0.5797 0.5751 0.5687
0,3-0,4 0.5391 0.5509 0.5690 0.5490 0.5718 0.5515
Soil density (mg#
Oat Turnip Pea Turnip+Oat Pea+Oat Control
0,0-0,1 1.18 1.18 1.13 1.19 1.19 1.12
0,1-0,2 1.22a 1.27 ab 1.23ab 1.25ab 1.22a 1.37b
0,2-0,3 1.25a 132a 1.28a 1.34a 1.26a 1.48b
0,3-04 1.25 1.37 1.27 1.29 1.26 1.35

Rev CeresVicosa, v66, n.4, p. 316-322, jul/aug, 2019



Soil physical properties and soybean productivity in succession to cover crops 319

For the depth of 0.1 m, the treatment with the oat eontrol and from the treatment in which soybean was
turnip intercrop was the only one that did not differ frontultivated under forage turnip haystack.
control (Figure 1), a fact that is related to the tusipbt Regarding aggregate stabiligysignificant diference
system, which causes soil particles to compress, resultifm< 0.05) was observed between treatments studied. For
in temporary compaction at the site, which is reversed aftidre 0.0-0.2 m layerdifference was found between
its complete decompositioAt the depths of 0.15 and 0.2 treatments used for weighted mean diameter (WMD); the
m, the soil underneath the haystack of forage turnip spybean crop sown over haystack of forage pea in
monoculture and the pea + oat intercrop showed lower RPionoculture showed the highest WMD (2.77 mm), being
values (2.09 and 2.46 MPa, respectively), differing frorthe only treatment that differed from soybean sown on top
control (3.76 e 3.97 MPa), as shown in Figure 1. of fallow (control) (2.25 mm) @ble 2).

Silvaet al (2002) found that 2.0 MPa of penetration The use of cover crops before soybean sowing favored
resistance was a restrictive condition to soyleanodt soil aggregation @ble 2).The lower soil aggregation
and shoot growthAccording to Merotto Junior & underneath fallow is related to a lower accumulation of
Mundstock (1999), a soil with Pr varying from 1 to 3.5 MP&rganic matterwhich favors a reduction in aggregation,
may hinder the development and growth of crops’ roats reported byezzani & Mielniczuk (201) and can be
systems, décting their production negativelyesults that observed in control @ble 2).
may explain the lower productivity of this reseasch’ Santostal (2012) verified that, at the 0-0.1 m layedt
soybean crop, especially when it comes to control, faover plants provided higher values for WMD compared
which Pr values stood above 3.5 MPa (Figure 1). to those at the 0.1-0.2 m layeand emphasized the

For the 0.05 m and 0.25-0.35 m depths, all treatmeritaportance of plants’ root system in the process of
were similaywith no statistical dierences between them. aggregation of soil particleé satisfactory root growth
For the superficial layehigher oganic matter levels lessen can increment organic matter along the soil profile, which
the compaction state of the soil; for the 0.25-0.35 m Jayestabilizes aggregates and reduces thesssiilsceptibility
in turn, this fact may be related to the root system of the compaction (Santost al, 2011), which ensures the
cover plants and the soybean that were not yet completslystainability of agricultural systems over time.
decomposed, and may have influenced the results. For theAccording toVezzani & Mielniczuk (201), oganic
last assessed layer of 0.40 m, the cultivation of soybeamatter influences the formation and stabilization of
under the haystack of oat in monoculture differed froraggregates, and there are studies that confirm the

Soil’s penetration resistance (MPa)

0.50 1,50 2,50 3,50 450
005 w®= T
—a— Black oat
0.10 —a— Turnip+Oat
—s<—Forage turnip
0.15 —&—Forage pea
o —e— Control
£ 020
& 025
0,30
0.35
0.40

Figure 1 Average results for soil resistance to penetration with soybean sowing after cultivation of winter cover criepsrdt dif
depths of evaluation.
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correlation between organic matter and soil aggregatiorpnsistent, as the mass of 1.000 beans is directly related to
stating that the higher the OM levels the higher the stabilitiie crops total productivity
of the soil structure (Fontared al, 2010; Portugagt al, Soybean cultivated under haystack of cover plants
2010). presented a superior productivity of approximately 13%
Mean results for production components andompared to control (fallow), being directly related to the
productivity of soybean crop in succession to differertieaviest mass of 1,000 beans. The mean productivity
cover crops are presentedliable 3.There was déct of observed was higher than 4.0 Mg*hend is consistent
soybean sown under the haystack of cover crops cultivatedh the means obtained for théestern Parana region,
in winter for mass of 1.000 beans and productiiggr around 3.8 to 4.0 Mg HgConab, 2017).
plant population, plant height and number of pods per The lowest productivity was found in the area that
plant there were no differences between treatments. was fallowed during the wintebeing equal to the area
It can be stated, based on the results of plants partivated with forage turnip in the winter (4.64 Mgha
linear meterthat the diferent haystacks did not influencewhile the other treatments were superior and did not differ
the germination and initial development of soybeafrom each other @ble 3).
seedlings. The lowest productivity (4.25 Mghand mass In similar studyNicolosoet al (2008) obtained higher
of 1.000 beans (202.7 g) were obtained in the contrebybean yields using cover crops with the oat + forage
treatment (fallow), differing statistically from the otherturnip intercrop in relation to control; due mainly to the
treatments; howevgethere was no statistical thfence higher percentage of soil cover promoted by this intercrop,
between cover crops é&ble 3), and these results araesults that corroborate with those found in this

Table 2 Weighted average diameter (WMD), geometric mean diameter (DMG), and aggregate stability index (ASI) after soybean
cultivation (2016/2017 crop) under mulch of winter cover crops in different strata of evaluation

Treatment WMD (mm) GMD (mm) ASI (%)
0.0-0.2m

Oat 2.36 ab 1.35m 98.64"
Turnip 2.72 ab 1.74 98.03
Pea 277a 1.73 98.08
Turnip + Oat 2.37 ab 1.39 98.26
Pea + Oat 2.47 ab 1.46 99.58
Control 2.25b 1.20 97.61
0.2-04m

Oat 2.34ms 1.38m 98.89"
Turnip 2.62 1.64 98.66
Pea 2.69 1.63 98.78
Turnip + Oat 2.46 1.37 98.27
Pea + Oat 2.69 1.61 98.47
Control 2.25 1.24 96.87

Means followed by the same lowercase letter in the column do riet diftistically from each other by tAelkey test at 5% probability
ns: Not significant.

Table 3 Average results for soy production and productivity components (crop 2016/2017) after growing Gt avinter
cover crops

Number of pods  Plant height . Mass of 1.000 bean Productivity

Cover crops Plant population

cm g ton hat
Oat 710 85.3 11.9m 234.7 ab 4.77 a
Turnip 80 75.5 12.1 221.0ab 4.64 ab
Pea 74 80.1 12.3 257.7a 484 a
Turnip+Oat 78 77.4 12.2 250.0a 484 a
Pea+Oat 7 75.5 11.6 244.7 a 4.75a
Control 69 73.4 11.5 202.7 b 4.25b

Averages followed by the same lowercase letter in the column do fet fldm each other by th€ukey test at 5% probabilityns: Not
Significant.
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