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ABSTRACT

The intensive use of land based on non-conservation practices contributes to the reduction of soihdbedity
sense, the objective of this work was to evaluate the influence of farming systems on clayey Oxisol in the northwest of
the state of Rio Grande do Sul on the epigeic fauna and on the soil physical properties. The treatments were composed
of land use with Native field, Pasture, Transition, Crop and livestock integration, No-tillage and No-tillage system. The
epigeic fauna was evaluated by the installation of seven traps per tredtheephysical properties of densitgtal
porosity microporosity macroporosity and soil resistance to penetration were evaluated in samples with undisturbed
structure at the 0- 0.07, 0.07-0.15 and 0.15- 0.22m depths, with four replicates. The results indicated that land use only for
crop production reduced the abundance of organisms in comparison to the crop-livestock integration. The conversion
of the Pampa Biome to the crop system altered its soil physical and biological properties with the transition area
presenting intermediate characteristics to both environments. Grazing in the remaining areas of the Pampa Biome,
without native field improvement strategies, reduced species abundance and richness. No-tillage and No-tillage system
promoted the compaction of the 0.07 -0.15 m layer in a clayey Oxisol.

Keywords: anthropic perturbations; soil quality; sustainahility

RESUMO

Implicac6es do manejo agropecuario sobre a fauna epigeica e propriedades fisicas de um
Latossolo argiloso

O uso intensivo da terra alicercado em praticas ndo conservacionistas, tem contribuido para a reducéo da qualidade
do solo. Nesse sentido, o trabalho objetiva avaliar a influéncia de sistemas de producé@o agropecuaria praticados em
Latossolo argiloso no noroeste do estado do Rio Grande do Sul sobre a fauna epigeica e propriedades fisicas do solo.
Os tratamentos foram compostos pelo uso do solo com campo nativo, pastagem perene, transi¢céo, sistema integragac
lavoura pecuaria, plantio direto e sistema plantio dikefauna epigeica foi avaliada pela instalagcdo de sete armadilhas
por tratamentoAs propriedades fisicas de densidade, porosidade total, microporosidade, macroporosidade e resistén-
cia do solo a penetracéo, foram avaliadas em amostras com estrutura indeformada nas profundidades de 0- 0.07, 0.07-0.1¢
e 0,15 a 0,22 m, com quatro repetices. Os resultados obtidos indicaram que o uso do solo apenas agricola reduziu a
abundancia de ganismos em comparagédo a integracao lavoura-pecéaanversdo do Bioma Pampa para lavoura
alterou as propriedades fisicas e biologicas do solo, com a area de transigdo apresentando caracteristicas intermediaria
aos dois ambientes. O pastejo em areas remanescentes do Bioma Pampa, sem estratégias de melhoramento do camj
nativo, diminuiu a abundancia e riqgueza de espécies. O Plantio Direto e Sistema Plantio Direto promoveram a compactacao
da camada entre 0,07 a 0,15 m do Latossolo argiloso.

Palavras-chave:perturbacdes antrépicas; qualidade do solo; sustentabilidade.
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INTRODUCTION Grande do Sul (Mantelli, 2006). The region presents soils
suitable for the cultivation of annual crops such as soybean
. - Glycine maxL.), maize Zea mays.) and wheatTriticum
develop productive systems that ally productivity an& Ve . ) i £ ys.) . -K .
. T . .__aestivunL.), in addition to beef and dairy cattle in a grazing
environmental sustainabilitfocusing on the preservation . . . .
system based on integration among livestock farming,

?\];egzzjnria; ;;Z?nl:(z;ﬁli 2839)8 Oslloithuig:iy |ir; tt:i: Z}éis'tetmerennial pastures and native field (Incra/RS, 2009).
! ) quality pacity owever farming intensification coupled with the

operate within the limits of a natural or managed ecosystem . - .
. i o . valuation of soybean cultivation has resulted in the
in a way to sustain the productivityaintain or increase . . . .
. . expansion of agricultural frontiers in recent years,
the quality of environment and promote the health of plants o - . .
. . . e%pemally in the remaining areas of the Pampa Biome (Sil-
animals and men (Doran & Parkin, 1994). In this sense, sol L . )
o va, 2012), which is the cause of the conversion of native
quality is a broad concept that refers to the balance betwefen

. . . . - 1elds into crops.
the chemical, physical and biological conditions. o :
. ) : e Hence, the objective of this study was to evaluate the
Farming and livestock intensification based on non-

. . . . effects of farming systems practiced in a clayey Oxisol in
conservation agricultural practices contributed to the loss : o
. . . . . ... northwestern Rio Grande do Sul on the epigeic fauna and
of chemical, physical and biological quality of the soil (Sil- . . :
. ; . on the physical mperties of the soil.
vaet al, 2007), reducing its agricultural potential. The loss
of soil physical quality through compaction has bee
considered as one of the main factors responsible for t TERIAL AND METHOD
drop in the crop productivity (Kleiet al., 2009). The study was carried out in the municipality of Sdo
The intensification of the compaction process is directlyuiz Gonzaga, located in northwestern Rio Grande do Sul
associated with the adopted soil management syst&tate, between the parallels 28° S and 29° S. The region in
(Drescheret al, 2016), combined with the non-this study presents deep, clayey and well drained soils,
conservationist farming practices that induce changes predominantly of the Oxisols class (Stretlal, 2002). It
its structure. The soil mechanical resistance to penetratigmesents altitudes ranging from 200 to 400 meters, with
together with the porous space distribution, are physicakhvy to gently undulating terrain. The climate is classified
soil attributes that may limit root system growth and crops Cfa type, according to the classification of Koppen,
productivity (Oliveiraet al, 2015), since they influence subtropical humid, with the four seasons of the year well
conditions of root growth and aeration, infiltration andlefinedAccording to the S&o Luiz Gonzaga meteorological
water availability for plants (Reichezt al,, 2007). station, the average annual temperature in the municipality
Similar to the physical properties of the soil, thés 16 °C and the annual rainfall is 1,660 mm (Incra/RS, 2009).
biological properties also represent a component sensitiver the accomplishment of this work, six treatments,
to the variations of soil management, such as croppinggmposed of the main production systems adopted in the

fertilization, liming and agricultural pesticide applicationgegion (Incra/RS, 2009), were characterized as follows:
(Drescheet al, 2011), becoming important bioindicators Native Field (NF): area under extensive grazing system,

of balance levels or disturbance of the environment (LUdWWith no corrections of acidity and soil fertilitgpresentative

et aI_. ’_2012)' Mana_lgement and us_e system_s that enableg??he remaining areas of the Pampa Biome in the region;
addition of organic compounds in the soil may benefit

physical quality (Oliveiret al, 2015), since organic matter - Peérennial Pasture (PP): area implanted and used with
plays an important role in the formation and stabilizatiofrynodon dactylot.. Pers (cvTifton 85) for dairy cattle
of soil aggregates (Tisdall & Oades, 1982) besidglazing approximately seven years ago;

harboring a diverse population of epiedaphic fauna, which . Transition (TR): area submitted to a native field

aISO Contributes to the SO” structure through the mOVemq%nsition (Pampa Biome) to a grain production System
of organic particles and nutrient cycling (Peretaal, ysing no-tillage in the last two years;

2012). ) ) _
Apart from the physical characteristics of the soil, the _ ~ Crop and Livestack integrated system (CLIS): cattle

study of the community of soil organisms contributes to rgsgd with pat/{wena strlgos_a SCBb_) and ryegrass

better understanding of the biological interactions in th@.ollum.multlﬂorumL.) pasturg in the winteand sgybegn

soil system and, consequenttile determination of the production under no-tillage in the summkept in this

best systems of use and management aiming at improvﬂ@stem for ten years;

soil quality - No-tillage (NT): characterizes the most representative
The diversity of land uses in farming systems is #orm of farming in the region, the successive monoculture

striking feature of the northwest region of the state of Riof soybeans and wheat, with no soil tillage for 20 years;

The current challengef Brazilian agriculture is to
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- No-tillage systen (NTS): area cropped in no-tillage  After the traps were removed from the field, they were
system for 20 years and in the last years, the followirgieved in order to separate plant residues from the collected
crop rotation has been carried out: oilseed raéiaplianus fauna. Subsequentlyhe samples were separated into
sativusL.)/corn/between harvest (safrinha) soybeamlastic glasses with 70% ethyl alcohol and 5% glycerol
wheat/soybean, wheat/soybean, white datfa sativa solution lid. The identification and counting of the collected
L.)/ soybean, oilseed raddish /corn. Crop rotationrganisms were performed with the help of a binocular
accomplishment is a factor that distinguishes this treatmantgnifying glass with a capacity of 40 times increase in
from no-till treatment characterized by the successiveetri dish. The organisms found were identified at the level
monoculture of soybean and wheat. of the order according to Gakat al (2002).

Sampling was carried out in January/2016, in a For the analysis of the physical properties of the saill,

completely randomized design, with four replications t{)he variables were submitted to the test of Lilliefors for

evaluate the physical properties of the soil and sev&ffrmality and of Cochran for homogeneity of variances
replications to evaluate the epigeic fauna and, afterwards, the analysis of variance was performed at

The analysis of the physical properties of density 5% probabilityWhen the F test was significant, the r_e;ults
tal porosity microporosity and macroporosity of the soilVée compared by the testlafkey, also at 5% probability
was performed using the volumetric ring and tension tabfell the evaluations were carried out in the statistical
method (Claessen, 1997). For the collection of soil sampl&&ftwareAssistat, version 7.7 beta (Universidade Federal
with preserved structure, stainless steel cylinders of 141,49 Campina Grande, Campina Grande, PB).
cm? (5 cm in height and 6 cm in diameter) were used. Soil 1h€ epigeic fauna was quantitatively evaluated by the
samples were collected at three depths (0 to 0.07; 0.073fg/ndance of orders and qualitatively by the Simpson

0.15 and, 0.15 to 0.22 m), with four replications, totaling 7Pominance Index (Is), Shannon Diversity Index (H) and
samples. Equity Index (J). The Is expresses the probability of

After collection, the samples were saturated b'gpdividuals within the same community to belong to the
capillarity for a 48-hour period, weighed and taken to the2Me Species, being able to vary from 0 to 1, the higher the
sand column (Reinert & Reichert, 2006) where they weMglue, the greater the dominance of one species over the
submitted to a 6 kPa-suction tension. The soil sampl@&1€rs. In addition, it is calculated by the equation: Is =
remained in this tension until a balance was establishB§N-1)/ni(ni-1), where: ni = density of each order; N =
between the water retained in the sample and the appﬁggal number of individuals in the group. The H reflects the
suction. The sample was then weighed again, sent to teecertainty of randomly catching an individual of the same
oven at 105-110 °C, where it remained until obtainin§P€cies, and itranges from 0 to 5. The greater the diversity
constant weightTotal porosity (Tp), microporosity of organisms, the higher the index, which is calculated by
macroporosity and soil density (Sd) were determined B)e equationH = - (pi log pi), where: pi = ni/N; ni =
the method adopted by Claessen (1997). density of each order; N = total number of individuals in

Penetration resistance (PR) was evaluated using ¢ group (Silvaet al, 2015). Equity or Pielou index (J)
bench-type electronic penetrometerodel MA 933 E€XPresses the way in which the number of individuals is
Marconi brand equipped with electronic speed variatéfistributed among the different species, that is, it indicates
and data recording systemofmenaet al, 2007). For if the different species have similar or divergent abundance
determination of the penetration resistance, the sarffimber of individuals), calculating as follows: J'= H'
undisturbed samples collected for evaluation of soil densitpbserved)/H’maximum, where: H'max is the maximum
and porosity were used. Thus, after being withdrawn frofipssible diversity that can be observed if all species are
the sand column, the samples were weighed and, in #@ually abundant. H'maximum = log S, where: S = total
sequence, sent to the penetrometer to accomplishmentgmber of species (Gomes & Ferreira, 2004).

PR measurement.

For the samplling of thg epigeic fauna, §even PrOVi(hESULTSAND DISCUSSION
type traps were installed in each of the six treatments,
totaling 42 samples. The Provid type traps consist of 2 L- Fifteen taxanomic groups (order level) at an abundance
PET bottles containing four 5x5 cm sized windows locate@f 5,633 individuals were found in the epigeic fauna study
20 cm from their base (Antoniodt al, 2006). In each trap, The orders Hymenoptera, Coleoptera and Collembola were
200 mL of 70% ethyl alcohol was added and then the trai¥ most representative in the soil of the studied systems.
were buried, leaving their openings at ground level in orddihe TR treatment showed the highest abundance of
to allow the entrance of edaphic fauna organisms (Dresclegilected oganisms (&ble 1), followed by PINF CLIS,
etal, 2011). The traps remained in the field for a period M T and, finally by NTS.The continuous use of the soil
three days. only for grain production did not favor the abundance of
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organisms, since NT and NTS presented a lower abundanegal for the maintenance of edaphic fauna. The PP and
by 41 and 59% respectivelthanTR, used for grain NF presented a greater abundance of the order
production only in the last two years, indicating that thelymenoptera, indicating quality of these environments,
intensity of land use is a determining factor for thas indicated by Crepaléi al. (2014) who consider this
biodiversity and abundance of terrestrial fauna, as alseder of fundamental importance for soil quality
observed by Roset al (2015). maintenance, being useful as a bioindicator of this

The TR treatment also presented a greater diversityaéndition.According toVieiraet al (2011) the structure
the epigeic fauna population determined by the H’ indexf the Hymenoptera communities is fundamental in
and a greater equitabiljtshat is, the number of individuals environmental impact studies, since they maintain and
is better distributed in relation to the others. Index Hestore soil qualityoperating in the redistribution of
considers the richness, so it is natural that the treatmeptsticles, nutrients and ganic matterimprove the
that obtained the greatest richness of species, presemtfétration of water in the soil by increasing aeration
greater value. The treatments TR, PP and CLIS presentati@ugh increased porosity (iMk et al., 2005).The NTS
greater number of organisms with a total of thirteen ordensresented lower abundance of Hymenoptera, indicating
followed by NTS (twelve orders), NT (eleven orders) and disturbance to the ecological balance (Rovedder
by NF with nine orders. al., 2009; Baretta, 2007; Barettal, 2003).

The NTS had smaller abundance, diversity and The order Collembola presented the greatest
equitability of the epigeic fauna &ble 1).This result abundance in the CLIS, TR, NF and PP treatments with
may represent the influence of farming practices witteduction for the treatments NT and NTS, which may be
the application of chemicals on soil fauna (Baretta an indicative of perturbations in these environments. This
al., 2003), considering that it is an environment with aesult is shown to be relevant, as springtails are important
greater number of annual crops. In addition, the sait the process of formation, dynamics and evolution of
evaluation period was preceded by the cultivation coils, being more frequently found in environments rich in
soybean and oilseed raddish, whose cultural residuesyanic matter acting on nutrient cycling and
present low soil permanence (Donedal, 2012), which decomposition of organic matter of plant origin (Rocha,
may have conditioned a low availability of organic ma2013).

Table 1 Epidafic fauna diversity of the major taxonomic orders found in land use systems in the municipality of Sdo Luiz Gonzaga-RS

Land Use System

Taxonomic orders

NF PP TR CLIS NT NTS Total in the order
Hymenoptera 457 717 184 168 251 103 1880
Coleoptera 61 185 391 115 256 183 1191
Collembola 203 152 233 335 71 129 1123
Orthoptera 19 36 173 12 144 38 422
Acarine 22 59 93 161 7 41 383
Diptera 47 62 154 19 38 23 343
Araneae 18 16 72 5 14 17 142
Hemiptera 12 51 17 2 4 9 95
Thysanoptera 5 21 1 1 2 3 33
Lepidoptera 0 1 4 2 2 1 10
Dermaptera 0 0 3 0 0 1 4
Blattodea 0 1 1 0 0 0 2
Isoptera 0 1 0 1 0 0 2
Scorpionidae 0 0 0 0 2 0 2
Isopoda 0 0 0 1 0 0 1
Larva 0 10 5 14 0 4 33
Abundance 844 1302 1326 822 791 548
S (richness) 9 13 13 13 11 12
H’ (Shannon’s richness) 1.17 154 1.93 1.29 1.26 1.12
Is (Simpson’s dominance) 0.15 0.34 0.18 0.10 0.09 0.04
J (Pielou’s equitability) 0.53 0.60 0.75 0.50 0.53 0.45

NF: native field; PP: pastur&R: transition; CLIS=: crop livestock integration system;:
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The Coleoptera order was present in all treatmentsbserved by Seccet al, (2009) and Drescheat al
presenting fluctuations in its population, which can b&016). In this sense, it should be highlighted that
attributed to the ability of each species to explore specifaonsidering the critical density proposition of 1.30 to
trophic niches (@ble 1) (Rosa&t al, 2015).The greatest 1.40 Mg m® for clayey soils (Reichest al., 2003), the
abundance of this order was observed in the TR treatmamngatments that contemplate the grain production of
which according to Baretta (2007) is an indicative o€LIS, NTS and NT would be in a restrictive range, and
anthropogenic disturbances to a natural environmermuld be considered critical to the development of crops.
through the use of fertilizers (N, I®) and pesticides, being The TR treatment presents soil density with both NF
consistent with the reality of this treatment, as it is and crop characteristics, making it possible to observe
transition from a natural environment to a grain productiothat after two years of management, the TR is in
system. transition phase between the two production systems.

Despite being representative of the natural Inthe 0.07-0.15 m layern greater resistance to root
ecosystem, NF presented lower species richness, whipénetration was observed in the,Nlirpassing 2.0 MPa,
may be due to the presence of grazing, which acésvalue often considered critical for the root growth of the
selectively on field species, altering the biomass conteatiltures (Reichertt al 2009; Collaregt al 2006). This
as well as the low nutritional quality of the area since liehavior can be attributed to the absence of crop rotation
does not receive correctives and fertilizers. The richnebss this productive system, which, combined with the
of edaphic fauna is related to the availability and qualitgontinuous traffic of machines, contributes to the formation
of plant cover as a source of nutrients and sheltef soil layers resistant to root penetration (Seecal.,
(Rovedderet al, 2009). Thus, practices such as NR2009).
improvement through fertilization and introduction of = The no-tillage system unveiled lower Tp in the 0.07-
forage species over seeding or direct seeding, ®y15 m layerconsistent with the greater Skhus, it is
contributing to a larger forage production, especially ipossible to observe a degradation of the soil structure,
winter and early spring, may contribute to the addition ahdicating in the NTS, a tendency for compaction in the
organic compounds to the soil and increase the potentsalbsurface layer in areas with crop rotation of low
to shelter a diverse population of epidafic fakreother organic matter intake such as soybeans and oilseed
important aspect that may contribute to the balance cddish, crops with low straw permanence that preceded
the epidafic fauna is the adjustment of the animal logtie moment of evaluation of the soil physical properties.
per hectare as a function of the existing forage supply This result is in contrast to that observedvidyliams
the area. & Weil (2004), that roots of oilseed radish act as

Regarding the soil structure, indicated by the physica¢covering agents of the physical properties of the soil
properties of Sd, porosity and PR, it was observed thattihrough the formed biopores, which benefit the
the 0-0.07 m layethe assessed treatments did ndedif development of the root system of subsequent crops.
in any of the physical attributes evaluatedile 2). However it should be emphasized that the susceptibility
However although no dferences were observed betweerf a soil to compaction becomes smaller as the amount
the treatments, when observing the penetration resistarudgplant residue in the soil surface is increased (Braida
in the 0-0.07 m layeit is possible to verify that the NF et al,, 2006), and the permanence of this straw is very
exceeded the value of 2.0 MPa, often considered asportant for the accumulation of carbon at the soil
restrictive to root growth of the cultures (Reichetral,  surface. Thus, the use of oilseed raddish in single crop
2009; Collaregt al., 2006). This result can be attributedmay result in a rapid decomposition and low permanence
to animal trampling, which results in the formation of suef the straw since the biomass is easily and rapidly
perficial layers with greater resistance (Ketal, 2013), decomposed due to the low carbon/nitrogen (C/N) ratio.
especially under conditions of high grazing pressur&or that reason, oilseed raddish intercropped with crops
which in the present study may be attributable to theuch as oats is recommended since it allows greater
absence of breeding practices on the NF submitted ¢overage and permanence of the straw on the soil (Silva
cattle grazing. etal, 2011).

At the 0.07-0.15 m depth, the treatments CLIS, NT Inthe 0.15-0.22 m laygtreatments diéred to the Sd,
NTS and TR used for grain production showed a greateR and macroporosity of the soil. The NF presented the
density This behavior can be explained by thesmallest PR and the greatest macroporo$itys result
accumulation of tensions imposed by the traffic oéllows to observe that the management systems used for
farming machines. In addition, this layer is recognizedrain production cause alterations in the physical
as the most restrictive layer to the root growth of thproperties of the soil reaching the subsurface layers up to
plants in areas managed under NTS as it was ale@2 m depth.
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Table 2: Soil density (Sd), total porosity (Tp), soil macroporosity (Macrop.), soil microporosity (Microp.) and penetration
resistance (PR) in productive systems managed under native field (NF), crop livestock integrations (CLIS), Pasture (PP), no-tillage
(NT), no-tillage system (NTS) and transition (TR)

Parameters

Treatments Sd Tp Macrop. Microp. PR

Mg m3 m3 m?3 Mpa

0-0.07 m depth
NF 1.170s 0.56" 0.08" 0.48"s 2.22m
CLIS 1.32 0.53 0.10 0.43 1.52
PP 1.18 0.57 0.09 0.49 1.83
NT 1.25 0.57 0.13 0.44 1.88
NTS 1.27 0.54 0.11 0.44 1.62
TR 1.24 0.55 0.10 0.45 1.56
CV (%) 9.37 7.01 55.06 5.8 20.35
0.07-0.15 m depth
NF 1.16¢c 0.55a 0.14 a 0.41s 1.35ab
CLIS 144 a 0.52 ab 0.08 ab 0.44 1.58 ab
NP 1.23 bc 0.56 a 0.13 ab 0.43 1.26b
NT 1.38ab 0.52 ab 0.07b 0.46 2.03a
NTS 1.40 ab 0.49b 0.06 b 0.42 1.64 ab
TR 1.27 abc 0.54 ab 0.08 ab 0.46 1.31ab
CV (%) 6.3 5.18 33.37 5.4 22.13
0.15-0.22 m depth

NF 1.09b 0.56m 0.17a 0.39m 0.62 b
CLIS 1.30 ab 0.53 0.08 ab 0.44 157a
PP 1.22 ab 0.56 0.12 ab 0.44 125a
NT 1.27 ab 0.56 0.12 ab 0.45 122a
NTS 142 a 0.47 0.09 ab 0.39 1.35a
TR 1.24 ab 0.52 0.07b 0.45 149a
CV (%) 7.96 9.69 38.55 12.51 15.57

"s Means in the column are not statisticallyfeiient by the test oTuckey at the level of 5% of probability

CONCLUSIONS ACKNOL WDEGMENTS

The edaphic fauna is influenced by the productive To farmers MrNelmo Costa, MiPaulo Pires, MWaldir
system, and land use only for grain production impairs tioraes and MrMarcos Pilecco for granting the areas for
abundance of organisms in comparison to the systemscomplishment of this work.
that associate crop and livestock.

The use of remaining areas of the Pampa Biome f§EEFERENCES
grazing, not in association with native field improvement
. . . oniolli ZI, Concei¢édo PC, Bock, Port O, Silva DM & Silva
?trattees’ pro_mOtes changes in edaph|c. fauna, result .RF (2006) Método alternativo para estudar a fauna do solo.
in a decrease in the abundance of organisms and specigSencia Florestal, 16:407-417.

richness. Baretta D (2007) Fauna do solo e outros atributos edéaficos como

The Changing process inland use promotes modificationéndicadores da qualidade ambiental em areas Aoaucaria

on the physical and biological characteristics of the soil, where2"9ustifdliano Estado de Sdo Pauftese de Doutorado. Escola
phy: 9 ’ Superior deAgricultura “Luiz de Queiroz”, Sdo Paulo. 158p.

after two years of management, the transition area between _ _ _
Baretta D, Santos JCRafra AL, Wildner LP & Miquelluti DJ

natural environment and prOdUCt'Ve system, presents(2003) Fauna edéfica avaliada por armadilhas e catagcdo manual
intermediate characteristics to both environments. afetada pelo manejo do solo na regido oeste catarinense. Revis-

. . . . ta de Ciénciaf\groveterinaria, 2:97-106.
The successive single cultivation of soybean and
aida JA, Reichert JMyeiga M & Reinert DJ (2006) Residuos

wheat and crop rotation with cultures of low permanen(fér . . A .

. vegetais na superficie e carbono organico do solo e suas relagdes
of straw promote the compaction of the layer between 0.07;oy a densidade méaxima obtida no ensaio pro&evista Bra-
and 0.15m of the clayey Oxisol managed under no-tillage.sileira de Ciéncia do Solo, 30:605-614.
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