
CHARACTERIZATION OF SOIL STRUCTURE AND POROSITY UNDER LONG-TERM...                   1837

R. Bras. Ci. Solo, 33:1837-1844, 2009

CHARACTERIZATION OF SOIL STRUCTURE AND

POROSITY UNDER LONG-TERM CONVENTIONAL

TILLAGE AND NO-TILLAGE SYSTEMS(1)

João Tavares Filho(2) & Daniel Tessier(3)

ABSTRACT

Different management systems tend to modify soil structure and porosity
over the years.  The aim of this study was to study modifications in the
morphostructure and porosity of dystroferric Red Latosol (Oxisol) under
conventional tillage and no-tillage over a 31- year period.  The study began with the
description of soil profiles based on the cropping profile method, to identify the
most compact structures, define sample collection points for physical and chemical
analysis, and determine the water retention curve.  A forest soil profile was
described and used as reference.  The results showed that, under conventional
tillage, the microaggregate structure of the Oxisol was fragmented between 0 and
0.20 m, and compact (bulk density = 1.52 Mg m-3) in the sub-surface layer between
0.20 and 0.50 m.  Under no-tillage, the structure became compacted (bulk density
= 1.40 Mg m-3) between 0 and 0.60 m, but contained fissures and biopores.  The
volume of the class with a pore diameter of ≥≥≥≥≥ 100 μμμμμm under no-tillage was limited,
but practically non-existent in the conventional management system.  On the other
hand, the classes with a pore diameter of < 100 μμμμμm were not affected by the type of
soil management system.

Index terms: Latosol/Oxisol, soil management, cropping profile method, water
retention curve.
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RESUMO:     CARACTERIZAÇÃO DA ESTRUTURA E DA POROSIDADE DE
SOLO SOB PREPARO CONVENCIONAL E SEMEADURA DIRETA
DE LONGA DURAÇÃO

Os diferentes manejos do solo tendem a modificar a sua estrutura e porosidade ao longo
dos anos de manejo.  Dessa forma, este trabalho teve por objetivo estudar as alterações
morfoestruturais e da porosidade de Latossolo Vermelho distroférrico sob preparo convencional
e semeadura direta por 31 anos.  O estudo baseou-se inicialmente na descrição dos perfis de
solo, a partir do método do perfil cultural, para qualificar as estruturas mais compactas e
definir os locais de coleta de amostras para as análises físicas e químicas e obtenção da curva
de retenção de água.  Um perfil de solo sob mata foi descrito e usado como referência.  Os
resultados permitiram concluir que, no preparo convencional, a estrutura microagregada do
Latossolo Vermelho tornou-se fragmentada entre 0 e 0,20 m e compacta (densidade do solo de
1,52 Mg m-3) em subsuperfície, entre 0,20 e 0,50 m.  Na semeadura direta, a estrutura tornou-
se também compactada (densidade do solo de 1,40 Mg m-3) entre 0 e 0,60 m, porém, com a
presença de fissuras e bioporos e a classe de poros com diâmetro ≥ 100 μm, apresentou volume
limitado, tendo desaparecido no preparo convencional, enquanto as classes de poros com
diâmetro < 100 μm não foram alterados pelo tempo de manejo do solo.

Termos de indexação: Latossolo, manejo de solo, perfil cultural, curva de retenção de água.

INTRODUCTION

Soil is an integral part of most terrestrial
ecosystems, and its role in food production is essential.
However, in recent years, soil degradation has become
a major environmental problem in most countries
(Lesturgez, 2005; Nicolodi et al., 2007).

The Oxisols, commonly found in the State of
Paraná, is one of the richest and most productive soils
in Brazil (Vieira, 1989; Tavares Filho & Tessier, 1998).
Following the incorporation of Oxisols into productive
agricultural systems, structural alterations and soil
compaction have been observed (Tavares Filho et al.,
1999; Klein & Libardi, 2000; Tavares Filho et al.,
2001; Giarola et al., 2007).  The soil physical
characteristics are interdependent and an alteration
in any of them normally leads to changes in the soil
system as a whole (Vieira, 1989).  Accordingly,
structural alterations may lead to significant changes
in water infiltration and plant availability, as well as
in root aeration, and may reduce soil exploration by
the roots of cultivated plants, with major consequences
in terms of soil degradation and reduced crop yields.

Of the soil management components, tilling has
perhaps the greatest influence on the soil physical
behavior, since it influences the structure directly,
with or without mobilization (Vieira, 1989).
Conventional soil preparation causes structural
changes that affect soil porosity, density, water
retention and storage, as well as aggregate stability.
It also influences biological groups that participate in
physical and chemical processes.  It is believed that
soil conservation methods such as no-tillage (direct
seeding) can help minimize erosion and improve soil
quality, increasing fertility, organic matter, surface

cation exchange capacity and humidity (Tavares Filho
et al., 2001; Nicolodi et al., 2007; Benito et al., 2008),
besides causing less structural changes in the soil.

Soil use intensity is another important factor
which, when combined with inappropriate humidity
conditions, contributes to alter the soil structural
quality.  This can lead to the appearance of large
quantities of compacted soil with increased penetration
resistance, due to increased density and lower
macroporosity (Ivo & Mielniczuk, 1999; Tavares Filho
et al., 2001; Collares et al., 2006).

Although these problems have existed ever since
the beginnings of agriculture, their current extension
and impact are considered to be extreme (Lal &
Stewart, 1990).  Qualitative diagnoses of different soil
management systems associated with laboratory
analyses may be useful when choosing the most
appropriate management to maintain or increase
yields.  Accordingly, the aim of this study was to study
modifications in the morphostructure and porosity of
a dystroferric Red Latosol (Oxisol) under conventional
tillage and direct seeding over a period of more than
thirty years.

MATERIALS AND METHODS

The study was carried out in Western Paraná State
(24 ° 48 ” S; 53 ° 18 ” W; average altitude 682 m asl;
Cfb climate according to the Köppen classification),
on an Oxisol with a slope ranging from 3.4 to 5.2 %.
The data were collected in July 2007 from areas under
two soil management systems in two agricultural
areas: a no-tillage (NT) system and a conventional
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tillage (CT) system, both since 31 years.  An area of
native forest (F) was used as reference.  Crop rotation
in the NT and CT systems followed this sequence:
soybean/corn in the summer and wheat in the winter.

To begin with, the soil profiles were described by
the cropping profile method (Tavares Filho et al., 1999;
Roger-Estrade et al., 2004; Lagacherie et al., 2006) to
characterize the type and spatial organization of
compact soil structures (morphologically homogeneous
units, or MHUs, according to Neves et al. (2003)).
The analysis was performed in three trenches
(1.0 x 1.0 x 1.5 m) in each of the three areas (F, NT
and PD), at a randomly selected location, with a
distance of 100 m between the trenches, which were
arranged along the slope (one in the highest part, with
least inclination; a second in the middle of the area,
with average inclination; and a third in the lowest
area, with greatest inclination).  The soil profiles were
described after the wheat had been harvested and
before soybean was planted.  After characterizing the
soil profiles, two persons analyzed the possible
differences between the descriptions independently,
to draw conclusions on how soil samples ought to be
collected for laboratory analysis.  Thereafter, it was
concluded that there was a very similar distribution
of structures among the profiles in all three described
areas, which can be explained by the fact that the soil
management methods in the areas were similar.
Accordingly, one of the three trenches was chosen –
the central one –to collect five deformed soil samples
from each of the three areas, totaling 15 for the three
areas (F, NT and PD).  In the case of NT and CT, the
compact MHUs (MHUΔ), with greatest soil density
were sampled, to determine contents of clay, soil bulk
density (Bd), organic matter (OM), water pH and
cation exchange capacity following Embrapa (1997).

To classify the porosity distribution for each area,
pore diameters were obtained from the soil water
retention curve, based on the relationship between
the water potential value in the sample and the value
of the equivalent pore diameter (the maximum value
of a water-saturated cylindrical pore).  To obtain this
curve, after the description of the MHU, as reported
above, five columns of non-deformed soil were collected,
totaling 15 samples for the three areas (F, NT and
PD – in the case of NT and CT, the compact MHUs
(MHUΔ), with greatest soil density).  The columns
(volume 15–20 cm3) were stored in plastic bags and
these within polystyrene boxes, to preserve the
humidity content.  In the laboratory, the simultaneous
evolution in water content and apparent volume of
these columns was studied at different water potentials
(Ψ), using the following techniques:

- Filtration apparatus (Tessier & Berrier, 1979;
Tavares Filho et al., 2005), where the matrix
potential (Ψ) is fixed by submitting the soil columns
to a pneumatic pressure of 1 kPa to 100 kPa for one
week, to study the pores with a diameter between
300 and 3 μm;

- Richards cells (Richards, 1947), whereby the matrix
potential (Ψ) is fixed by submitting the soil columns
to a pressure of 320 to 1,600 kPa, to study the pores
with a diameter between 9.4 and 0.188 μm;

- Saturated saline solutions (Tavares Filho, 1995;
Matieu & Pieltan, 2001), where the soil columns
are placed inside a desiccator in which the relative
humidity is fixed by means of saline solutions to
potentials between -2,800 and -107,000 kPa; the
equilibrium was reached when the evolution curve
of soil column weight reached a constant level, to
study the pores with a diameter between 0.104 and
0.0028 μm;

- Greenhouse drying at 105 °C, at a pressure of
1E + 06 kPa, for pores of diameter as small as
0.0003 μm.

The results were expressed as solid phase volume,
following Kilasara & Tessier (1991) and Tavares Filho
et al. (2005).  This reference is most appropriate for
materials with different solid phase mass, making a
comparison possible.  The void volume was expressed
as void ratio (e), calculated by dividing the void volume
by the solid volume.  For water volume, the water
ratio (w) was used, given by the water volume divided
by solid volume.  The higher the void ratio, the more
porous and therefore less dense is the soil.  Calculations
were based on the following measurements:

- For each water potential, the apparent volume of
soil columns was determined by the kerosene
method, with the wet (Mw) and dry (Md) masses
and the thrust exercised by the sample in kerosene
(Mk).  The volumetric mass of kerosene is δ =
0.782 g cm-3 (Mathieu & Pieltain, 1998);

- Particulate density, determined by the pycnometer
method (Mathieu & Pieltain, 1998),  was
2.96 Mg m-3.

The mean values for the water retention curve were
presented for nine replications, together with the
standard deviations for each matrix potential
considered.  In addition, to characterize the
heterogeneous soil structure accurately, the coefficient
of variation and a 95 % confidence interval were
calculated for each case.

RESULTS AND DISCUSSION

The microaggregate structure of the soil under
native forest, in the whole profile analyzed (0–1 m)
(Table 1), was morphologically homogeneous (MHUμ)
with weak cohesion of aggregates and columns when
dry, containing pores within and between aggregates,
and biopores.  The texture in this profile was
characterized by the predominance of clay fraction
(799 g kg-1).  The soil density (Sd = 1.04 Mg m-3)
corresponded to that of a non-compact microaggregate
structure.  In terms of other properties, an organic
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matter concentration (OM) of 23.6 g dm-3, cation
exchange capacity (CEC) of 6.7 cmolc dm-3 and pHH2O
of 4.7 were observed in the soil profile.

It was found that the continuous, consistent land
use for 31 years had induced structural differences in
the soil profiles under no-tillage (NT) and conventional
tillage (CT), compared to the soil under native forest.
In the case of the profile under no-tillage, a MHU was
verified (Table 1) in the layer 0–0.6 m, with fissures
and compact soil columns (MHUFΔ) with subangular
polyedric structure with rough or smooth
fragmentation surfaces, and pores between aggregates
and biopores.  Below this MHU, between 0.60 and
1.00 m, the soil structure was the same as under forest
(reference – MHUμ).  Physical and chemical analyses
(Table 1) showed a texture with a predominant clay
fraction (789–800 g kg-1), and Sd = 1.40 Mg m-3.
Besides, an OM content of 20.3 g dm-3, CEC of
5.5 cmolc m-3 and pHH2O of 5.6 were measured.

In the case of the profile under conventional tillage,
a greater sub-division was observed (Table 1) due to
anthropization.  In the soil layer 0–0.2 m, a
disaggregated MHU was verified, characterized by
compact columns (MHUCΔ) with an angular polyedric
structure as well as fine soil.  Physical and chemical
analyses (Table 1) indicated a texture with

predominance of clay fraction (778 g kg-1), and Sd =
1.21 Mg m-3.  Besides, an OM concentration of
8.6 g dm-3, CEC of 4.8 cmolc dm-3 and pHH2O of 5.2
were observed.  Below this structure, in the 0.2–0.5 m
layer, a laminar-type MHU was found, characterized
by compact columns and aggregates (MHUCΔ), with
strong cohesion and smooth fragmentation surfaces,
with no pores within and between aggregates and
biopores; clay soil (800 g kg-1 of clay), greater soil
density (1.52 Mg m-3), OM concentration of 7.8 g dm-3,
greater acidity (pHH2O = 4.5) and CEC of 4.9 cmolc dm-3.
Below this layer, the soil structure was found to be
the same as under forest (reference – MHUμ).

All profiles were classified as very clayey (Table 1),
based on a texture classification diagram (Lemos &
Santos, 1984).  Compared to the soil under forest
(reference), the results showed that the human-
influenced soil profiles studied were related to the type
of agricultural management system, as follows:

- The structural modification in soil under CT was
greater, with disaggregated MHU at the surface and
compact MHU in the sub-surface (Bd = 1.52 Mg m-3),
with reduced levels of OM and CEC, and no biopores;

- Less structural modifications were observed in the
soil under NT, with only one type of MHU, which
was also compact (Sd = 1.40 Mg m-3).  Fissures and

Table 1. Description of morphologically homogeneous units (MHU)(1), according to the cropping profile(2),
and physical-chemical properties (clay content (Arg.), soil bulk density (Sd), organic matter (OM), pH
and cation exchange capacity (CEC)) for each MHU, observed in soil under two management systems
and under forest, and crop yield for soybean and corn in the two areas under study

(1) According to Neves et at. (2003). (2)According to Tavares Filho et al. (1999); *** SEAB (2008).
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biopores were observed, and the levels of OM and
CEC were higher.  The density in the NT profile
was higher than reported by Roth et al. (1991) (Sd
between 0.80 and 1.15 Mg m-3), but similar to eth
result of Tavares Filho, 1995; Tavares Filho &
Tessier, 1998; Fregonezi et al., 2001; Neves et al.,
2003 and Benito et al., 2008, who studied no-tillage
systems in Oxisols.

Figure 1 presents the results of changes in the soil
volume of samples collected from the most compact
MHUs, with different soil densities (forest: MHUμ Sd:
1.04 Mg m-3; NT: MHUFΔ (Sd: 1.40 Mg m-3); and CT:
MHUCΔ (Sd: 1.52 Mg m-3).  Results of the sample
analysis were described above in table 1.  In all
situations studied, particularly those with high water
potential (Ψ > -3.2 kPa), corresponding to pores of
diameter ≥ 100 μm, the values of the void ratios (e)
indicated that the morphologically homogeneous unit
for soil under forest (MHUμ) was most porous (e =
1.42), without any compaction and the air ratio (a),
representing the difference between (e) and (w), was
0.29.  In the case of soil under NT (MHUFΔ), (e) was
1.22 and the compaction resulted in a value of 0.11
for (a).  For soil under CT (MHUCΔ), (e) was 1.14,
with very compacted soil ((a) = 0.03).)

The void ratio (e) expresses the relationship between
the void volume and solid volume of a soil.  Accordingly,
the MHU with the highest void ratio was characterized
as a porous soil structure, and this explains the fact
that it had the lowest soil density (Sd) value.
Therefore, taking the MHU described for the soil under
forest (void ratio (e) = 1.42) as a reference, it can be
seen (Figure 1) that the MHU with the highest Sd in
the soil under NT (MHUFΔ) is more porous (highest
void ratio (e = 1.22)) than the MHU described with
the highest Sd in the soil under CT (MHUFΔ) (lowest
void ratio (e = 14)).  This result indicates that, among
the cases of highest Bd studied in the soil under NT
and CT, in the soil under NT the soil particulates are
still arranged in aggregates, which permits the
existence of voids in the sample; on the other hand, in
the case of soil under CT, the soil particulates are
arranged in close contact, which results in a low void
ratio and high Sd (Ribeiro et al., 2007).

Another aspect shown in figure 1 are the water
and soil retention properties, in situations of MHUs
with higher Sd.  In the case of high potential, the void
ratio decreases in the following order: Forest →  NT
→ CT.  The decreases between Forest and NT and
between NT and CT are not statistically significant,
but the decrease between Forest and CT is.  Between
the potentials -1 kPa and -1 MPa, for the three
situations considered, the void ratio curve did not vary
as the water ratio decreased, indicating a rigid soil
for this potential range; only at values below -1 MPa
the soil begins to contract as the water ratio decreases.
Furthermore, in all potentials considered, the MHU
is very porous in the soil under forest (reference) and,
for the high water potential situations (-1 kPa to -

32 kPa), is compact in the case of soil under NT the
MHUFΔ t, and is very compact (MHUCΔ) in the case
of soil under CT, since the void and water ratios are
the same.  In terms of the water ratio curves, for the
situation of high potential, the water ratio decreases
in the following order: (NT = CT) → Forest; there is,
however, no significant difference between the values
found.  These results are comparable with those of
Tavares Filho, 1995; Fregonezi et al., 2001; Tavares
Filho & Tessier, 1998; Neves et al., 2003; Benito et
al., 2008, all of whom studied no-tillage systems in
Oxisols.

Figure 1. Evolution in the void ratio (e), water ratio
(w) and air ratio [a (a = e-w)] in the different
compact, morphologically homogeneous units
(MHU) described (Table 1) for Oxisol profiles
under forest (reference), NT (no-tillage) and CT
(conventional tillage).



1842 João Tavares Filho & Daniel Tessier

R. Bras. Ci. Solo, 33:1837-1844, 2009

Figure 2 shows water drainage and retention
porosity of the soil in the three situations with highest
Bd values in the soil profiles studied.  It is known
that a major element of the soil water regime
(circulation, retention, evaporation rate) is related to
water retention energy.  In order to classify pores
according to water retention energy, it was considered
that pores of diameter (Φ) ≥ 100 μm (-3.2 kPa) enable
water circulation (water drainage) and soil aeration;
pores of 100 μm (-3.2 kPa) > Φ > 0.30 μm (-1 MPa)
hold plant-available water reserves; and pores of
Φ ≤ 0.30 μm retain water that is not available for
plants.

It was found that pores of Φ ≥ 100 μm account for
a limited volume, compared with the other pore classes
(Figure 2).  This porosity, responsible for water
drainage and soil aeration, decreases in the following
order: Forest → NT → CT, with a significant difference
both between Forest and NT and between Forest and
CT, but no significant difference between NT and CT
– although in the MHUCΔ of the soil under CT, this
pore class practically disappeared, with only
0.01 cm3 g-1, against 0.10 cm3 g-1 in the MHUFΔ for
the soil under NT, and 0.28 cm3 g-1 in the MHUμ for
the soil under forest.  These results are comparable
with those of Tavares Filho (1995) and Tavares Filho
& Tessier (1998), indicating that variation in the
> 100 μm pore class is a strong indication of the
physical quality that these different structures (FΔ
and CΔ) may represent over this long period (more
than 30 years), with continuous, consistent land use.
It is noteworthy that a difference of 0.01 cm3 g-1 in
the soil total pore volume (TPV) corresponds to a
volume of 10 L t-1 of soil, which means a reduction of
180 L of pores in soil between the situations under
forest and NT, a reduction of 270 L t-1 of pores in soil
between the situations under forest and CT, and a

difference of 90 L t-1 of pores in soil between the
situations under NT and CT, for the same period of
land use.  This confirms the field descriptions and
results for Sd, void and water ratio curves presented
above.

In the pore classes of 100 μm > Φ > 0.30 μm, which
hold water reserves that can be used by plants, and
pores of Φ ≤ 100 μm, which retain water that is not
plant-available, it can be seen (Figure 2) that there
were no significant differences in any situation,
although in the case of plant-available water, soil under
NT presented a higher absolute pore value than in
the other profiles – 0.33 cm3 g-1, against 0.25 cm3 g-1

in the case of soil under forest and 0.27 cm3 g-1 for
soil under CT.  This difference of 0.06 cm3 g-1 in pore
volume between NT and CT, with a higher value for
NT, may be important in the summer, enabling plants
to resist a possible water stress for a longer time.
Consequently, as reported by Torres (2009), crop yield
tends to be higher in areas of no-tillage than in areas
under conventional tillage (Table 1).  This confirms
results of Cortez et al. (2009), who observed increases
in corn and soybean yields over the years with the
use of no-tillage systems.  Carvalho et al. (2004), on
the other hand, reported greater soybean yields in a
year with normal precipitation in the conventional
soil preparation system.

CONCLUSION

1. Under conventional tillage, the microaggregate
structure of the Oxisol was disaggregated between 0
and 0.20 m, and compact (Sd = 1.52 Mg m-3) in the
sub-surface, between 0.20 and 0.50 m. Under no-
tillage, the structure was also compact (Sd =
1.40 Mg m-3) between 0 and 0.60 m; however, in this
case, fissures and biopores were observed.

2. There was a limited pore volume of diameter
≥ 100 μm under no-tillage, whereas in the conventional
management system the volume was practically non-
existent. On the other hand, the pore volume in the
size class of diameter < 100 μm was not affected by
the type of soil management system.
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