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PHYSICAL PROPERTIES AND PARTICLE-SIZE FRACTIONS OF
SOIL ORGANIC MATTER IN CROP-LIVESTOCK INTEGRATION®

carolina Tirloni®, Antonio Carlos Tadeu Vitorino®, Anderson Cristian Bergamin® &
Luiz Carlos Ferreira de Souza®

SUMMARY

Crop-livestock integration represents an interesting alternative of soil
management, especially in regions where the maintenance of cover crops in no-
tillage systems is difficult. The objective of this study was to evaluate soil physical
and chemical properties, based on the hypothesis that a well-managed crop-
livestock integration system improves the soil quality and stabilizes the system.
The experiment was set up in a completely randomized design, with five
replications. The treatments were arranged in a 6 x 4 factorial design, to assess five
crop rotation systems in crop-livestock integration, and native forest as reference
of soil undisturbed by agriculture, in four layers (0.0-0.05; 0.05-0.10; 0.10-0.15 and
0.15-0.20 m). The crop rotation systems in crop-livestock integration promoted
changes in soil physical and chemical properties and the effects of the different
systems were mainly detected in the surface layer. The crops in integrated crop-
livestock systems allowed the maintenance of soil carbon at levels equal to those
of the native forest, proving the efficiency of these systems in terms of soil
conservation. The systems influenced the environmental stability positively; the
soil quality indicator mineral-associated organic matter was best related to
aggregate stability.

Index terms: crop rotation, no-tillage system, soil quality, soil carbon, aggregate
stability.
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RESUMO: ATRIBUTOS FiSICOS E FRACIONAMENTO GRANULOMETRICO
DA MATERIA ORGANICA DO SOLO EM SISTEMA DE
INTEGRACAO LAVOURA-PECUARIA

A integracdo lavoura-pecuaria representa uma alternativa interessante de manejo dos
solos principalmente nas regides com ocorréncia de clima que impde dificuldades na formacéo
de massa seca para cobertura do solo em plantio direto. O objetivo deste trabalho foi avaliar
atributos fisicos e quimicos do solo, partindo da hipdtese de que a integracéo lavoura-
pecuéria, quando bem manejada, melhora a qualidade do solo e proporciona maior
estabilidade ao sistema. O delineamento experimental foi inteiramente casualizado, com
cinco repeticdes. Os tratamentos foram constituidos por um fatorial 6 x 4, sendo cinco sistemas
de rotacéo de culturas em integracao lavoura-pecuéria e a mata nativa utilizada como
referéncia do solo antes das altera¢des promovidas pelo uso agricola; e quatro profundidades
(0,0-0,05, 0,05-0,10, 0,10-0,15 e 0,15-0,20 m). Os sistemas de rota¢do de culturas em
integracéo lavoura-pecuaria promoveram alteracdes nos atributos fisicos e quimicos do
solo; os efeitos dos diferentes sistemas manifestaram-se, sobretudo, na camada mais
superficial do solo. Os sistemas de rotagdes descritos permitem manter teores de carbono no
solo iguais aos encontrados no ambiente de mata original, comprovando assim a eficiéncia
do sistema de integragao lavoura-pecuéria com relagdo a conservacgao do solo. Esses sistemas
influenciam positivamente a estabilidade do ambiente, sendo a matéria organica associada
a fracdo mineral o indicador de qualidade do solo mais bem relacionado com a estabilidade
de agregados.

Termos de indexacdo: rotacéo de culturas, sistema plantio direto, qualidade do solo, carbono

do solo, estabilidade de agregados.

INTRODUCTION

The maintenance of agricultural production
systems that supply the population with food, fiber
and energy, without jeopardizing the prospect of
support and survival of future generations,
representing an enormous challenge for humanity.
In the search for conservation systems, crop-
livestock integration, which is the diversification,
rotation, intercropping and/or series of activitiesin
agriculture and livestock within the same area in
harmonic order (Alvarenga & Noce, 2005), seems
to be an alternative of production that can improve
the sustainability of agriculture in tropical and
subtropical regions.

The integrated crop-livestock systems promote
conditions that can increase soil resistance to
degradation. According to Costa et al. (2009), the soil
physical properties are not changed in integrated crop-
livestock with annual winter pastures in conservation
tillage, including grazing. On the other hand, Bertol
etal. (2004) reported that soil physical properties are
changed by management, and that systems that raise
the soil organic carbon content also increase the mean
weight diameter (MWD) of aggregates. In a study on
soil aggregate stability in agricultural systems, Salton
et al. (2008) found highest percentages of large
aggregates in systems with permanent pasture, lowest
percentages in no-tillage systems, and intermediate
values in crop-pasture rotation. The authors explain
that the activity of the grass root system, coupled with
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the absence of soil disturbance, effectively contributes
to the formation of stable macroaggregates.

Some researchers consider soil organic matter
(SOM) as an ideal indicator to assess soil quality
(Shukla et al., 2006; Salton et al., 2008; Speraetal.,
2009), based on its importance in the different
physical, chemical and biological processes, which are
thoroughly described in the literature. SOM has
several functions in the environment, playing a role
in essential processes such as nutrient cycling and
retention, soil aggregation and water dynamics, as
well as being the primary energy source for biological
activity (Roscoe, 2006).

Since SOM is very variable in terms of
decomposition degree, chemical composition, size,
chemical and physical protection, chemical or
physical fractionation methods are used to classify
and quantify its presence in soil and the effects of
management systems. In the physical grain-size
fractionation, SOM is subdivided into particulate
organic matter (POM) and mineral-associated
fraction of soil organic matter, also called mineral
(MOM). The particulate is the most labile soil organic
fraction, responding readily to management changes,
while the mineral fraction is the most stable, with
no measurable sensitivity to changes in soil tillage
(Salton et al., 2005).

The objective of this study was to evaluate the
physical properties and physical fractionation of
organic matter in a Hapludox in different crop-
livestock integration systems.
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MATERIAL AND METHODS

The study was conducted on the Fazenda Cabeceira,
in Maracaju, Mato Grosso do Sul (latitude 22°14*S;
longitude 54 ° 49’ W). The soil was classified as very
clayey texture Oxisol (Embrapa, 2006). Laboratory
analyses were performed at the Federal University of
Grande Dourados (UFGD), in Dourados, MS. Crop-
livestock integration was implemented in 1972, and
the current model of crop rotation in 2003 (Table 1).

The experiment was arranged in a completely
randomized, 4 x 6 factorial design with five
replications. The treatments consisted of five crop
rotation systems in crop-livestock integration (S1, S2,
S3, S4, and S5 - Table 1) and of a native forest (NF)
area, in four soil layers (0.0-0.05; 0.05-0.10, 0.10-0.15,
and 0.15-0.20 m).

The no-tillage crops were planted in the summer
and winter growing seasons, and the pasture was
intensively grazed, at a stocking rate of 4.0 AU/ha
(animal units per hectare) in the summer, decreasing
to 1.5 AU/ha in the winter. The animals were only
placed in each system, when the area was cultivated
with Brachiaria ruziziensis (Brac) (Table 1). In the
rotation systems S1, S2, S3, S4, and S5, the animals
grazed in the areas in the periods from fall/winter
2006 to spring/summer 2006/07; from fall/winter 2007
to spring/summer 2007/08; from fall/winter 2005 to
spring/summer 2005/06; in spring/summer 2003/04;
and from fall/winter 2004 to spring/summer 2004/05,
respectively. The soil of each rotation system and NF
was sampled in February 2008. Bulk density,
macroporosity, microporosity, and total porosity were
determined according to the methodology proposed by
Embrapa (1997). Undisturbed soil was sampled in
metal cylinders (diameter 5.57 cm, height 4.1 cm) in
four layers. After removal, the samples were saturated
by gradual increase of the water level to about two
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thirds of the ring height and microporosity determined
by the tension table method. Thereafter, the samples
were oven-dried at 105-110 °C for 48 h to determine
bulk density, total porosity and macroporosity.

The aggregate distribution was determined by the
wet-sieving procedure. Undisturbed soil blocks were
collected, air-dried and sieved through 9.52 and 4.76
mm. The aggregates retained in the 4.76 mm sieve
were used in the wet analysis of stable aggregates, by
sieving the samples through a set of sieves (mesh 2.0,
1.0, 0.5 and 0.105 mm) and exposing them to vertical
oscillation for 12 min, at a frequency of 40 oscillations
per minute. As stability indices, the percentage of
aggregates > 1.00 mm and < 1.00 mm, geometric
mean diameter (GMD) and mean weight diameter
(MWD) were used, calculated as follows (Kemper &
Rosenau, 1986):

MGD = 10E(nlogd)/znl gnd MWD =[Z(n d) / Zn]

where n = aggregate mass retained in a given sieve
(9); and d = diameter of a given size aggregate range
(mm).

The carbon (C) content of soil samples was
determined by wet oxidation, and expressed in g kg
soil (Embrapa, 1997).

SOM was fractionated based on the physical
particle sizes. After stirring for 14 h, the samples were
sieved though 0.053 mm. The POM retained in the
sieve was weighed and the amount of total organic
carbon (TOC) of the fraction determined. The data
were transformed into contents of the fractions of the
total soil mass. It is assumed that the fraction that
passes through the sieve contains the MOM fraction,
which was calculated as the difference between SOM
and POM and the C content in it was also determined
by subtraction (Salton et al., 2005).

Table 1. History and description of the crop rotation systems in crop-livestock integration between 2003 and

2008, in their respective growing seasons

Growing season

2003/04 2004 2004/05 2005 2005/06 2006 2006/07 2007 2007/08
Rotation o
systems Seasons
Spri/sum Fa/wi Spri/sum Fa/wi Spri/sum Fa/wi Spri/sum Fa/wi Spri/sum
S1 Cott M+br Soy M+br Soy Brac Brac Arua Soy
S2 Soy A+Ta Cott M+br Soy M+br Soy Brac Brac
S3 Soy M+br Soy Brac Brac Arua Soy A+Ta Cott
S4 Brac Arua Soy A+Ta Cott M+br Soy M+br Soy
S5 Soy Brac Brac Arua Soy A+Ta Cott M+br Soy

Cott = cotton; M+br = Maize + Brachiaria ruziziensis; Brac = Brachiaria ruziziensis; Arua = aruana grass; A+Ta = Oat +
Tanzania grass. ® Sprifsum = Spring/summer; Fa/wi = Fall/winter.

R. Bras. Ci. Solo, 36:1299-1309
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These data were used to compute some indices, as
proposed by Rangel et al. (2008), as follows:

a) the carbon pool index (CPI): given by the ratio
between the C stock in each treatment and C stock in
the control environment NF

CPI =carbon pool in a treatment/ carbon pool in
the forest

b) Lability (L): ratio between particulate organic
C and mineral organic C amounts in each treatment

L = particulate organic carbon / carbon organic
mineral

c) Lability index: lability relationship between
each treatment and the reference environment NF

LI =L inatreatment/L in NF

d) carbon management index: product of the C
stability index by the lability index

CMI (%) = (CPI x L1) x 100

Accumulated carbon/carbon pool was computed as
the product of its contents (g kg ! of soil) and soil density
in the corresponding area and layer (in g dm3) and
transformed into Mg hal, when a specific layer is
considered:

€) Stock C = Ctx Ds x layer thickness (cm)

The results were subjected to analysis of variance
and when significant, the Tukey test was applied at5
% for mean comparison. Simple linear correlations
for pair combinations were also established, with the
soil physical and chemical properties studied. For this
purpose, the program SAEG was used (Ribeiro Junior,
2001).

RESULTS AND DISCUSSION

The crop rotation systems in crop-livestock
integration affected soil density, macroporosity and
total porosity, mainly from the surface to a depth of
0.05 m. In system S2, significant compaction was
inferred from the density (Table 2). It is noteworthy
that at the time of soil sampling, the S2 area was
used as Brachiaria ruziziensis pasture grazed by
cattle. Consequently, the higher bulk density in this
area was related to previous animal trampling. Also,
several authors observed changes in soil physical
properties under no-tillage only in the surface layer
(0.0-0.10 m), when pressure was applied to the soil
surface (Collares et al., 2006; Freddi et al., 2007;
Bergaminetal., 2010). In the sub-surface (0.05 - 0.20
m), high density and low total soil porosity values
were observed in all crop rotation systems in crop-
livestock integration, compared with NF (Table 2),
which are related to the likely occurrence of
compaction in this soil layer.

R. Bras. Ci. Solo, 36:1299-1309
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In the soil layers studied, bulk density was lowest
in NF. This confirms results of Serafim et al. (2008),
who reported higher bulk density in integrated crop-
livestock systems. In the 0.0 - 0.05 m layer, bulk
density was highest in system S2, due to the most
recent animal trampling (Table 2). Bulk density was
lowest in the 0.0 - 0.05 m layer (Table 2). In S2, bulk
density did not differ between soil layers. For Bertol
etal. (1998), the pressure of animal trampling causes
changes in the soil density and porosity, especially
between 0.03 and 0.06 m. Souza et al. (1998) reported
that the trampling of one head of adult cattle causes
a pressure of 190 kPa on the soil. In a very clayey
Oxisol under annual crops, Bergamin et al. (2010)
found that pressure above 220 kPa applied to the soil
increased density and reduced soil macroporosity and
total porosity.

In the succession of the systems S4 and S5, from
planted pasture to crops, a reduction in bulk density
was observed (Table 2). The supply of organic material
in these systems, root growth and decomposition
result in the formation of root channels contributing
to reduce bulk density. Siqueira Janior (2005) observed
that the effect of animal trampling causing increased
soil bulk density is minimized in the long term, when
the pasture is left ungrazed in certain periods. For
Braida et al. (2006), the residues on the soil contribute
to dissipate the compaction energy, reducing density.
The same authors reported that the strong interaction
between organic matter and clay particles minimized
the effect of trampling more strongly in clay than in
sandy soils. In a study conducted in a very clayey
Oxisol, Argenton et al. (2005) reported that when bulk
density exceeds 1.30 g cm3, root growth should be
supported by management practices, particularly by
planting crops that produce large amounts of organic
waste.

Macroporosity values were highest in the 0.0 - 0.05
m layer in the system S5 and NF (Table 2), whereas
lowest values were found in S1, S2 and S3. In the
same layer, total porosity was lowest in S1, S2 and
S3, indicating greater soil compaction. This result
may be due to more recent animal trampling in these
systems and the shorter time of cultivation than in
S4 and S5, as mentioned by Siqueira Janior (2005).
In the 0.05- 0.20 m layer, macroporosity did not differ
between the rotation systems (Table 2). For Lanzanova
et al. (2007), soil compaction caused by animal
trampling was limited to the surface soil layer 0.0 -
0.05 m, while in the deeper layers, there was no
difference between the integrated crop-livestock
systems. However, this effect may be temporary and
reversible (Cassol, 2003). For total porosity, greatest
changes were observed in S4, where the values of this
parameter decreased in the deeper soil layers.

The macropore volume decreases significantly with
increasing compaction caused by mechanical pressure
on the soil, be it by animal trampling or by machinery
traffic in no-tillage systems. For Bertol et al. (2000),
macroporosity is the soil property that is most
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intensely affected by mechanical pressure. For
Bergamin et al. (2010), this indicator of soil quality is
best correlated with root development and subsequent
plant growth. Macroporosity values below 0.10 m3 m3
were found in the systems S1, S2 and S3 (0.0 - 0.20 m),
avalue considered critical by Pagliai et al. (2003), to
allow the gaseous and liquid exchanges between soil
and atmosphere. Feng et al. (2002) reported that in
clay soils, a macroporosity of 0.10 m3 m-2is sufficient
to inhibit an adequate oxygen supply of crops,
requiring macroporosity > 0.10 m3 m= to ensure
aeration porosity.

For microporosity, the crop rotation systems in
crop-livestock integration were only effective in the
deeper soil layers, with no statistical differences.
When comparing the values of micropores in different
layers, the percentages of micropores were higher in
the layers 0.0 - 0.05and 0.05 - 0.10 m, with 24.1 and
22.9 %, respectively. These higher values at the
surface are consistent with the effect of pressure by
cattle trampling and machinery traffic in the study
area. According to Collares et al. (2006), the intensive
use of agricultural machinery promotes increased
compaction, mainly in the 0.0 - 0.10 m layer.

Aggregate stability has been used as an indicator
of soil physical quality, as it is sensitive to changes in
soil management (Wohlenberg et al., 2004; Wendling
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etal., 2005; Ferreiraetal., 2007; Salton et al., 2008).
The geometric mean diameter (GMD), mean weight
diameter of aggregates (MWD), aggregates >1 mm
and aggregates < 1 mm did not differ between the
rotations and NF in the 0.0 - 0.05 m layer, but
differences were observed in the deeper layers (Table
3). The MGD decreased with soil depth in all rotation
systems studied, confirming the observations of Silva
& Ferreira (2005). This same trend was observed for
the MWD parameters and aggregates > 1 mm.

In different systems of crop rotation and succession,
Wohlenberg et al. (2004) found a correlation between
the percentage of aggregates >2 mm and SOM. The
systems that led to increased SOM levels contributed
to a higher percentage of aggregates > 2 mm, whereas
systems with no soil cover reduced the levels of soil C
and percentage of aggregates > 2 mm. Cultural
practices that promote increased residue deposition
on the soil proved efficient in increasing aggregate
stability, since aside from increasing C inputs, they
minimize the direct raindrop impact (Wendling etal.,
2005). In a management comparison, Calonego &
Rosolem (2008) found higher MWD in the 0.05 - 0.10
layer under no-tillage and cover crops when compared
to chiseling.

Analyzing the contents of particulate organic
matter (POM), higher values were observed in NF

Table 2. Bulk density, macroporosity and total porosity in four layers of different crop rotation systems in

crop-livestock integration

Crop rotation in integrated crop-livestock systems

Layer S1 S2 S3 S4 S5 M
m Bulk density (Mg m®)
0.0-0.05 1.31 Cb 1.57 Aa 1.37 Bb 1.21 Dd 1.14 Ec 0.94 Fb
0.05-0.10 1.45 Ba 1.55 Aa 1.47 Bba 1.40 Cc 1.57 Aa 1.24 Da
0.10-0.15 1.46 Ca 1.57 Aa 1.45 Ca 1.51 Bb 1.50 Bb 1.26 Da
0.15-0.20 1.47 Ba 1.56 Aa 1.44 Ba 1.56 Aa 1.53 Aab 1.24 Ca
CV% 5.11

Macroporosity (m® m3)
0.0-0.05 0.09 Ca 0.05 Cab 0.10 Ca 0.22 Ba 0.30 Aa 0.31 Aa
0.05-0.10 0.07 Bab 0.08 Ba 0.07 Ba 0.13 ABb 0.10 Bb 0.19 Ab
0.10-0.15 0.08 Bab 0.05 Bab 0.08 Ba 0.09 Bc 0.09 Bb 0.17 Ab
0.15-0.20 0.06 Bb 0.05 Bb 0.08 Ba 0.05 Bd 0.08 Bb 0.18 Ab
CV% 2.37

Total porosity (m® m)
0.0-0.05 0.35 Ca 0.27 Ca 0.36 BCab 0.43 ABa 0.49 Aa 0.52 Aa
0.05-0.10 0.31 ABb 0.29 Ba 0.33 ABb 0.34 ABb 0.31 ABb 0.40 Ab
0.10-0.15 0.32 ABb 0.27 Ba 0.34 ABb 0.30 ABc 0.31 ABb 0.39 Ab
0.15-0.20 0.30 ABb 0.28 Ba 0.38 Aa 0.28 Bc 0.31 ABb 0.39 Ab
CV% 9.87

Means followed by the same capital letter in the row and lowercase letter in the column did not differ statistically from each other

by the Tukey test at 5 %.

R. Bras. Ci. Solo, 36:1299-1309
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Table 3. Mean geometric diameter, mean weight diameter, aggregates > 1 mm and aggregates <1 mm in four
soil layers of different crop rotation systems in crop-livestock integration

Crop rotation in integrated crop-livestock systems

Layer S1 S2 S3 sS4 S5 M
m Mean geometric diameter (mm)
0.0-0.05 2.77 Aa 2.77 Aa 2.81 Aa 2.77 Aa 2.81 Aa 2.80 Aa
0.05-0.10 2.59 Bb 2.51 Bb 2.79 Aa 2.72 Aab 2.62 ABb 2.86 Aa
0.10-0.15 2.73 ABa 2.75 Aa 2.62 BCb 2.62 BCab 2.56 Cb 2.81 Aa
0.15-0.20 2.24 Cc 2.67ABCa 2.37 Cc 2.57 Bb 2.33 Cc 2.76 Aa
CV% 7.18

Mean weight diameter (mm)
0.0-0.05 2.85 Aa 2.84 Aa 2.86 Aa 2.84 Aa 2.83 Aa 2.85 Aa
0.05-0.10 2.76 Bb 2.76 Bb 2.85 Aa 2.82 ABa 2.77 Bb 2.87 Aa
0.10-0.15 2.81 ABa 2.83 ABa 2.77 BCb 2.78 BCb 2.74 Cb 2.85 Aa
0.15-0.20 2.66 Cc 2.79 Aab 2.67 Cc 2.76 Bb 2.64 Cc 2.83 Aa
CV% 31.03

Aggregate size > 1 mm (%)
0.0-0.05 98.69 Aa 98.48 Aa 99.03 Aa 98.38 Aa 98.09 Aa 98.59 Aab
0.05-0.10 95.32 Bb 95.37 Bb 98.76 Aa 97.71 ABa 95.59 ABb 99.62 Aa
0.10-0.15 97.20 ABa 97.74 ABb 95.32 Bb 95.38 Bb 94.30 Bb 98.77 Aab
0.15-0.20 91.52 Cc 96.48 Ab 91.66 Cc 95.00 Bb 90.06 Cc 97.68 Ab
CV% 66.57

Aggregate size < 1 mm (%)
0.0-0.05 1.31 Ac 1.52 Ab 0.97 Ac 1.62 Ab 1.91 Ac 1.41 Aa
0.05-0.10 4.68 Ab 4.63 Aa 1.24 Bc 2.29 Bb 4.41 ABb 0.38 Bb
0.10-0.15 2.80 Bc 2.26 Bb 4.68 ABb 4.17 ABa 5.70 Ab 1.23 Ba
0.15-0.20 8.48 ABa 3.52 Cab 8.34 Aa 5.00 BCa 9.94 Aa 2.32 Ca
CV% 2.43

Means followed by the same capital letter in the row and lowercase letter in the column did not differ statistically from each other

by the Tukey test at 5 %.

and systems S3 and S4 in the 0.0 - 0.05 m layer (Table
4). This may be related to the high amount of plant
residues on the soil surface. It was also noted that
POM was efficient to indicate differences between the
rotation systems studied in crop-livestock integration,
mainly in the 0.0 - 0.05 m layer. Similar reports, of
higher POM levelsin the 0.0 - 0.05 m layer, making
the differentiation of management systems possible
according to the deposition of organic material on the
soil, were published by Nicoloso et al. (2008) and Loss
et al. (2009). No changes in POM caused by crop
rotation systems in crop-livestock integration were
observed in the 0.15 - 0.20 m layer (Table 4).

The highest POM values were found in the soil
surface in all systems. The reason was that the
integrated crop-livestock management under study
was a no-tillage system, in which crop residues are
left on the soil surface. Loss et al. (2009) also found
highest values of particulate organic C in the 0.0 -
0.05 m layer.

The differences between mineral-associated organic
matter (MOM) were only statistically significant

R. Bras. Ci. Solo, 36:1299-1309

between the systems (Table 5). The average contents
of this decay-resistant organic matter were
statistically the same in almost all treatments, except
in S5, where the MOM concentrations were lower than
in NF and the S3 system. This confirms the stability
of the other crop rotation systems in crop-livestock
integration. For Bayer et al. (2004), this stability is
due to slow cycling in terms of MOM formation and
decay, requiring long periods for changes. In addition,
the physical protection of MOM particles contained
within microaggregates < 0.053 mm, contributes to
the high stability of this organic matter fraction
interfering with the direct action of decomposing
microorganisms.

The content of total organic carbon (TOC) in NF
was higher than in the other systems. The TOC value
was lower in S5 than in the system S3 and NF (Table
5). In the integrated crop-livestock system, each
treatment tested produced different amounts of plant
and animal organic waste, according to the rotation
system of each area. In the areas with lower amounts
of these residues, the decomposition and also the
dynamics of chemical reactions in the soil may
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Table 4. Mean values of particulate organic matter (g kg-1) in four soil layers of different crop rotations and

integrated crop-livestock systems

Crop rotation in integrated crop-livestock systems

Layer S1 S2 S3 S4 S5 M

m Particulate organic matter (g kg')

0.0-0.05 8.73 Ba 8.26 Ba 10.51 Aa 10.17 ABa 6.19 Ca 15.69 Aa
0.05-0.10 2.50 Bb 2.32 Bb 2.74 Bb 2.82 Bb 1.46 Bb 4.77 Ab
0.10-0.15 1.45 Bc 1.20 Bc 1.33 Bc 1.50 ABc 0.90 Bb 3.31 Ac
0.15-0.20 1.11 Ac 0.95 Ac 0.97 Ac 1.01 Ac 0.67 Ab 2.15 Ad
CV% 33.29

Means followed by the same capital letter in the row and lowercase letter in the column did not differ statistically from each other

by the Tukey test at 5 %.

Table 5. Mean values of mineral-associated organic
matter (MOM), total organic carbon (TOC) and
lability in different crop rotation systems in
crop-livestock integration

Management MOM TOC Lability
g kgt
M 24.68 A 31.16 A 0.24 A
S1 21.10 AB 24.74BC 0.16 B
S2 21.01 AB 24.54 BC 0.15B
S3 2219 A 26.08 B 017 B
sS4 20.86 AB 24.20 BC 0.13 B
S5 17.74 B 20.05 C 0.13 B
CV% 17.39 13.60 38.17

Means followed by the same capital letter in the column did not
differ statistically from each other by the Tukey test at 5 %.

increase, with a rapid SOM mineralization, leading
to differences between the TOC in each area.
Furthermore, Carneiro et al. (2008) reported that these
differences may be related to the differences in the
decomposition process of legumes and grasses, which
depends on the C/N ratio of plant species, climate and
soil microbial activity.

Lability values were highest in NF, and did not
differ significantly from each other in the other
systems (Table 5). This suggests that some of the
particulate C in the native soil had been degraded by
anthropogenic interference, i.e., deforestation and
installation of crop rotation systems in crop-livestock
integration. Since MOM is usually less modified by
different management forms, especially in the short
term (Bayer et al., 2004), the mean lability values in
the forest are naturally higher.

In the different layers, the levels of MOM, TOC,
lability, lability index (L1) and carbon management
index (CMI) were highest in the layer 0.0 - 0.05 m

(Table 6). This is mostly due to the large amount of
organic residues deposited on the soil surface. Loss et
al. (2009) detected differences in MOM between layers
and reported that these differences may be associated
with agricultural practices, e.g., green manure, crop
rotation and/or intercropping, organic fertilization, and
maintenance of plant residues on the soil surface. For
TOC, the same trend was observed in the different
layers as for MOM (Table 6). It is noteworthy that in
tropical environments, the process of land degradation
is closely related to SOM.

Lability is reduced in the deeper soil layers (Table
6), because the surface layer is the most influenced
by soil management, with respect to the input of
organic material, especially in no-tillage, where a
minimal soil disturbance is expected. Thus, in the
deeper layers, SOM is associated with minerals, with
slow cycling in terms of SOM formation and decay,
requiring long periods for alterations. Silva et al.
(1994) observed significant C losses caused by
deforestation and soil cultivation, accompanied by the
consumption of the more labile organic fractions.

The average L1 and CMI were highest in the 0.0 -
0.05 m layer, higher than in the other layers, which
did not differ from each other (Table 6). No significant
differences were observed for CMI between the rotation
systems and NF, showing that the tested systems
can increase the preservation and restore the levels
and/or quality of the organic fractions in the studied
area. When computing the CMI, the distribution
patterns and carbon contents of compartments related
to the chemical composition of SOM may differ from
one site and one crop to another and not reflect the
conditions observed in areas with natural vegetation,
which are almost always the best to ensure the
functionality of the matrix soil (Rangel et al., 2008).

The differences between the CPI in the systems
were highest to a depth of 0.15 m (Table 7). All crop
rotation systems had lower CPI than NF. It was found
that the conversion of native vegetation to agricultural
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production can drastically reduce the SOM levels since
the supply of residues is reduced and the decomposition
rate increased, while erosion losses from the soil
surface layers are greater (Carter, 2001; Christensen,
2001).

Silva et al. (1994) analyzed 220 samples of three
soil classes in the cerrado region under continuous
soybean, using heavy machinery. After five crop years,
the authors observed a SOM loss of 80 %, compared
to the initial content for Quartzipsamments, 76 % for
medium texture Red Yellow Latosols and 41 % for
clayey Red Yellow Latosols. This smaller SOM loss in
clayey Oxisols can be explained by the high levels of
Fe and Al oxy-hydroxides that can complex SOM,
increasing its stability (Roscoe et al., 2000). In avery
clayey Oxisol, Roscoe & Burman (2003) found similar
carbon pool levels in areas of native savannah

Carolina Tirloni et al.

vegetation with corn - common bean succession for
30 years.

Most C was accumulated in the systems S2 and
S3in the layer 0.0 - 0.05 m (Table 7). This may be
related to the continuous cultivation of Brachiaria in
S2 and oat + Tanzania grass with subsequent cotton
(fall/winter 2007 and spring/summer 2007/2008,
respectively) in S3. The inclusion of these grasses
(Brachiaria and oat + Tanzania grass) may have
contributed to raise the C pool levels mainly in the
surface layer by the higher input of plant residues of
these species in the rotation systems, as observed by
Salton et al. (2008). In the 0.05 - 0.20 m layer, S1,
S2, S3, and NF showed no significant differences
(Table 7), and the differences in C accumulation
between the cultivation systems decreased in the
deeper layers of the soil profile.

Table 6. Mean values of mineral-associated organic matter (MOM), total organic carbon (TOC), lability,
lability index (LI), and carbon management index (CMI) in four layers

Layer MOM TOC Lability LI CMI
m g kgt

0.0-0.05 26.54 A 36.47 A 0.39 A 1.00 A 92.82 A
0.05-0.10 22,17 B 24.96 B 012 B 0.69 B 60.31 B
0.10-0.15 19.05 C 20.66 C 0.08 BC 053 B 4457 B
0.15-0.20 17.29 C 1843 C 0.06 C 052 B 38.23 B
CV% 17.39 13.60 38.17 35.73 42.33

Means followed by the same capital letter in the column did not differ statistically from each other by the Tukey test at 5 %.

Table 7. Carbon pool index and accumulated carbon in four soil layers of different crop rotation systems in

crop-livestock integration

Crop rotation in integrated crop-livestock systems

Layer S1 S2 S3 sS4 S5 M
m Carbon pool index
0.0-0.05 0.74 Cc 0.90 BCa 0.95 Ba 0.91 BCa 0.80 BCa 1.00 Aa
0.05-0.10 0.89 Ba 0.85 BCa 0.98 Aa 0.87 Ba 0.65 Cb 1.00 Aa
0.10-0.15 0.86 Aab 0.83 Ba 0.96 Aa 0.87 Aa 0.64 Cb 1.00 Aa
0.15-0.20 0.81 Ab 0.75 ABb 0.71 ABb 0.76 ABb 0.60 Bb 1.00 Aa
CV% 14.83

Carbon pool (g dm™)
0.0-0.05 217.45 Ba 275.34 Aa 253.08 Aa 213.72 Ba 179.86 Ca 214.46 Ba
0.05-0.10 179.17 ABb 183.33 ABb 200.06 Ab 169.08 Bb 141.81 Cb 197.29 ABb
0.10-0.15 149.11 Ac 154.59 Ac 165.12 Ac 156.92 Abc 114.40 Bc 155.21 Ac
0.15-0.20 145.93 Ac 143.44 Ac 124.86 ABd 144.30 Ac 111.38 Bc 134.42 ABd
CV% 13.031

Means followed by same capital letters in he row and lowercase letters in the column did not differ from each other by the Tukey

test at 5 %.
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S5 accumulated the least C in the soil (Table 7),
which can be attributed to the cotton crop that had
been included very recently in this system (spring/
summer growing season of 2006/07) compared to the
systems S1, S2 and S4. At the time of soil sampling,
cotton was being grown in the S3 area, but unlike in
S5, no reduction in C accumulation was observed. This
may be due to the short period since the crop had
been included in this system, indicating little influence
of crops in early development. However, even when
cotton is used, which usually acts as a C source for
the atmosphere when grown in monoculture, planted
in rotation with other crops, there seems to be a
mechanism of restoration of the C levels in the soil
promoted by the other crops of the systems studied.
For Rangel et al. (2008), reductions in C pools and
changes in the SOM composition affect the
sustainability of agroecosystems.

Corazzaet al. (1999) studied different management
systems as C source or deposit for cerrado vegetation
and concluded that in relation to the natural system,
more C was accumulated in systems without soil
disturbance (no-tillage, planted pasture and
eucalyptus reforestation) and lowest in the tilled
systems (disk plow and heavy disk harrow), which
acted as a CO, deposit and source to the atmosphere,
respectively.

For the simple linear correlation coefficients,
negative correlations of bulk density and aggregates
<1 mmwith all SOM-related properties were detected
(Table 8). This shows that soil bulk density and
aggregates < 1 mm decrease with increasing SOM
levels and quality. The property with the highest
correlation coefficient with bulk density was LI, where
only the correlation of bulk density with C buildup
was non-significant.

The formation and stability of aggregates <1 mm
was not positively correlated with SOM. Vitorino et
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al. (2003) studied the stability of silt-sized aggregates,
reported the importance of Al compounds and clay
fraction mineralogy in the formation of silt-sized
aggregates. Similarly, Pedrotti et al. (2003) reported
high correlations between soil aggregates and the
contents of aluminum oxides, mainly in amorphous
forms, which allow a granular structure. Therefore,
the data obtained in this study are consistent with
the standpoint of others that consider the role of SOM
in microaggregate formation and stability as little
relevant.

The values of total porosity and of macroporosity
were positively correlated with the SOM-related
properties; a non-significant correlation was only
observed between total porosity and carbon pool
(Table 7). There was no significant correlation
between the microporosity values and SOM-related
properties, showing that the contribution of organic
material to soil causes no change in microporosity of
the same.

The GMD, MWD and aggregates > 1 mm were
positively correlated with the SOM properties. For
Wendling et al. (2005), aggregate stability, expressed
by several properties is positively and significantly
correlated with soil organic C. The macroaggregates
formed by physical processes, by means of mechanical
operations and equipment impact or by animal
trampling, may be unstable. The factors that
increase aggregate stability however, are cementing
agents linked to biological aspects, e.g., microbial
activity, root exudate release, and tissue growth and
death, among others (Salton et al., 2008). These
authors reported the importance of relations between
the MWD and the organic C pool, confirming the
statement of Christensen (2001) that, aside from the
interactions between minerals, the interaction of
these with SOM strongly affects the size of water-
stable aggregates.

Table 8. Estimates of Pearson correlations between the physical properties and indicators of soil organic

matter in the 0.0-0.20 m layer

POM MOM TOC CPI LAB LI CMI CACUM
BD -0.71%* -0.67** -0.72** -0.60** -0.72** -0.84** -0.80** -0.31"
MACRO 0.62** 0.58** 0.62** 0.48** 0.65** 0.74** 0.68** 0.21**
MICRO -0.22" -0.21" -0.22" -0.16"° -0.25" 0.32" 0.26" 0.04"
TP 0.64** 0.60** 0.64** 0.50** 0.66** 0.74** 0.69** 0.23"
MGD 0.54* 0.69** 0.65** 0.60** 0.56* 0.67** 0.65** 0.58**
MWD 0.56** 0.73** 0.68** 0.64** 0.57** 0.69** 0.68** 0.64**
>1lmm 0.58** 0.75** 0.70** 0.66** 0.59** 0.71** 0.69** 0.67**
<lmm -0.58** -0.75** -0.70** -0.66** -0.59** -0.71** -0.69** -0.67**

** and * significant by the t test at 1 % and 5 % respectively; ns, non-significant. BD: soil density; MACRO macroporosity; MICRO:
microporosity, TP: total porosity; MGD: mean geometric diameter, MWD: mean weight diameter; > 1mm: aggregates larger than
1 mm; <1 mm: aggregates smaller than 1 mm; POM: particulate organic matter; MOM: mineral-associated organic-matter, TOC:
total organic carbon; CPI: carbon pool index; LAB: lability, LI: lability index, CMI: carbon management index; CACUM: accumulated

carbon.
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CONCLUSIONS

1. The integrated crop-livestock system promotes
changes in soil physical and chemical properties,
and the effects of the different crop rotation systems
are mainly noticeable in the surface soil layer (0.0 -

0.05 m);

2. The crop rotations in integrated crop-livestock
system allowed the maintenance of soil carbon levels
equal to those of the native forest, proving the efficiency
of these systems and of soil carbon as an indicator of
the sustainability of a system with regard to soil
conservation;

3. The soil stability was positively influenced by
the integrated crop-livestock systems, and the soil
quality indicator mineral organic matter was best
related to aggregate stability.
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