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Fertility, carbon stock and aggregate
stability of an Alfisol under integrated farming systems'

Pedro Luan Ferreira da Silva?, Flavio Pereira de Oliveira?,
Adriana Ferreira Martins®, Danillo Dutra Tavares*, André Julio do Amaral®

ABSTRACT

Integrated farming systems are promising strategies for
the recovery of pastures and degraded soils. This study aimed to
evaluate the effect of integrated farming systems arrangements,
after four years of implementation, on the fertility, carbon stock
and aggregate stability of an Alfisol, in the semiarid region of
the Paraiba state, Brazil. A randomized block experimental
design was used, with 5 treatments and 4 replications:
Brachiaria decumbens; B. decumbens + Tabebuia impetiginous;
B. decumbens + Gliricidia sepium; B. decumbens + Mimosa
caesalpiniifolia; and B. decumbens + maize. The soil
chemical attributes, fertility, carbon stock and structural and
aggregate stability were evaluated in the 0.00-0.10, 0.10-0.20
and 0.20-0.30 m layers. The B. decumbens + maize system
presented an organic matter content 11.93 % higher than
B. decumbens, and was higher than the other systems evaluated.
Concerning the carbon stock in the 0.00-0.10 m layer, in
B. decumbens the uptake was 2.66 Mg ha! higher than that of
the B. decumbens + maize system and, on average, 4.69 Mg ha!
higher than for the systems with the arboreal component. In the
medium-term, B. decumbens is more efficient in adding carbon
to the soil. The soil structural stability, aggregate stability index
and fertility were not affected by the different arrangements
after four years of implementation.

RESUMO

Fertilidade, estoque de carbono e estabilidade de
agregados em Planossolo sob sistemas integrados de
producdo agropecuaria

Sistemas integrados de produgao agropecudria so estratégias
promissoras para a recuperagao de pastagens e solos degradados.
Objetivou-se avaliar o efeito de arranjos com sistemas integrados
de producdo agropecudria, aos quatro anos de implantagao, sobre
a fertilidade, estoque de carbono e estabilidade de agregados de
um Planossolo Haplico, no semidrido da Paraiba. O delineamento
experimental foi de blocos casualizados, com 5 tratamentos
e 4 repeti¢des: Brachiaria decumbens; B. decumbens + ipé€;
B. decumbens + gliricidia; B. decumbens + sabid; e B. decumbens +
milho. Avaliaram-se os atributos quimicos e de fertilidade, estoque de
carbono, estabilidade estrutural e de agregados do solo nas camadas de
0,00-0,10;0,10-0,20; € 0,20-0,30 m. O sistema B. decumbens +milho
apresentou teor de matéria organica 11,93 % maior que B. decumbens
e foi superior aos demais sistemas avaliados. Em relagdo ao estoque
de carbono na camada de 0,00-0,10 m, em B. decumbens o aporte
foi 2,66 Mg ha! maior que em B. decumbens + milho e, em média,
4,69 Mg ha'! superior aos sistemas com o componente arbéreo. No
médio prazo, B. decumbens mostra-se mais eficiente no aporte de
carbono ao solo. A estabilidade estrutural, o indice de estabilidade
de agregados e a fertilidade do solo nao apresentaram alteragdo, em
relagdo aos arranjos, apos quatro anos de implantagao.

KEYWORDS: Carbon uptake, soil quality, Brazilian semiarid.

INTRODUCTION

Crop-livestock-forest integration is a production
system that integrates agricultural, livestock and forest
components in rotation, intercropping or succession,
within the same production area, over a production
cycle (Balbino et al. 2011). This production system
is used to intensify the soil use with minimum impact

PALAVRAS-CHAVE: Aporte de carbono, qualidade do solo,
semidrido brasileiro.

to ecosystem functions (Valani et al. 2020), and is
more advantageous than conventional systems by
presenting higher yields, lower production costs,
better efficiency of inputs and lower systematic risk,
due to the diversified income sources (Kichel et al.
2014).

Studies have shown the potential of integrated
farming systems to improve the soil physical,
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chemical and biological quality (Conceicdo et
al. 2014, Torralba et al. 2016, Zonta et al. 2016,
Biinemann et al. 2018, Souza et al. 2019). These
systems promote a high carbon uptake, favor the
nutrient cycling, improve the soil biota (Conte et
al. 2011), reduce the soil density and compaction
degree, and increase the soil total porosity and
aggregation, as well as the water availability and
infiltration rate (Pezarico et al. 2013). This favors
the complexation of toxic elements, improves the
soil cation exchange capacity (Cogo et al. 2013)
and increases the soil enzymatic activity, mainly
hydrolases and oxidoreductases, when compared to
conventional systems (Zago et al. 2020). However,
Valani et al. (2020) pointed out that integration
systems are underexplored, despite their potential
for soil management in global scale, especially for
the recovery of degraded pastures.

The semiarid region of the Brazilian Northeast
has a pasture area of approximately 30.5 million
hectares, 38 % of it at some degradation stage (Dias-
Filho 2014). Sustainable alternatives to revert this
process, such as the use of the crop-livestock-forest
integration system, have been studied for this region,
to assess the potential of these production systems
for the recovering of degraded pastures (Rangeli et
al. 2016). Preliminary data have shown promising
results (Silva et al. 2019). However, the effects
of integrated farming systems on the soil quality
under the edaphoclimatic conditions of the semiarid
region and the integration system strategies adopted
(crop-livestock, crop-livestock-forest, crop-forest
or livestock-forest, which show more satisfactory
results) are little known.

The hypotheses presented in this study is that
changes in the soil depend on the complexity of the
arrangement adopted, and simple systems, such as
crop-livestock, are less efficient than complex ones,
such as crop-livestock-forest, for the improvement
of soil quality in the medium- and long-term. Thus,
this study aimed to evaluate the effect of integrated
farming systems arrangements on the fertility, carbon
stock and aggregate stability of an Alfisol previously
used for pasture, in the semiarid region of the Paraiba
state, after four years of implementation.

MATERIAL AND METHODS

The experiment was implemented in July 2015,
at the experimental area of the Empresa Paraibana de

Pesquisa, Extensao Rural e Regularizagdo Fundiaria,
in Alagoinha, Paraiba state, Brazil (06°57°0”’S,
35°32°42”W and altitude of 317 m).

The climate of the region is As’, tropical hot and
wet, according to the K&ppen-Geiger classification
(Silvaetal. 2019), with a rainy season in the autumn-
winter, from March to August, mean annual rainfall
depth of 995 mm, temperatures ranging from 22
to 26 °C, and mean relative air humidity of 65 %.
The soil of the experimental area was classified as
a Planossolo Haplico Eutréfico mésico solddico
(Alfisol; USA 2014), with moderate A horizon and
sandy-loam texture (Santos et al. 2018). The soil
physical and chemical characteristics and fertility
(0.00-0.20 m layer) before the implementation of the
experiment showed 684 g kg™! of sand; 159 g kg of
silt; 157 g kg! of clay; 45 g kg! of water dispersible
clay; flocculation degree of 67.4 %; soil density of
1.55; particle density of 2.61 g cm?; total porosity of
0.40 m’ m”; pH (H,0 1:2.5) of 5.44; 4.53 mg dm™ of
P; 135.84 mg dm?of K; 0.03, 6.14, 0.22, 2.47, 1.26
and4.11 cmol_dm™ of Na’, H'+Al", Ca*, Mg", sum
of bases and cation exchange capacity, respectively;
and 10.83 g kg! of total organic carbon.

Before the implementation of the experiment,
the area had been used for pasture (Brachiaria
decumbens), for the grazing of Sindi and Guzera
bovines. In September 2015, plants of the forest
species Gliricidia sepium, Mimosa caesalpiniaefolia
and Handroanthus impetiginosus were transplanted
to experimental plots with spacing of 2 X 3 m and
six rows per plot, three in each side of the plot.
Annual crop systems were implemented in different
crop seasons: maize + B. decumbens in 2015/2016;
soybean + sorghum in 2016/2017; cotton + cowpea
in 2017/2018, and sesame + sorghum + peanut in
2018/2019. Thirty Sindi bovine animals were added
in January 2019 to the experimental area and grazed
for 35 days. The animals were then removed, and the
soil sampling was carried out.

A randomized block experimental design
with five treatments and four replications was used,
totaling 20 experimental plots with a total area of
760 m? each. The treatments consisted of the following
systems: B. decumbens + Tabebuia impetiginous;
B. decumbens + Gliricidia sepium; B. decumbens +
Mimosa caesalpiniifolia; B. decumbens + maize; and
single B. decumbens, used as a reference.

In the experimental plots with arboreal
components, the soil samples were collected in the
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tree rows, in two points of each side of the plot, with
distances of 10 m within and 20 m between the rows.
In the plots without arboreal components, the soil
samples were collected in points pre-defined by a
sample grid with 10 m between points. The 0.00-0.10,
0.10-0.20 and 0.20-0.30 m soil layers were evaluated.

Undisturbed soil samples were collected using
100 cm?® Uhland cylinders, and disturbed ones using
a spade for textural, chemical and fertility analysis.
The soil samples were crushed, air dried, sieved and
taken to the laboratory.

The following soil attributes were analyzed:
K*, P, Na*, Ca?, Mg*, Ca* + Mg*, AI*, H + Al*",
pH, cation exchange capacity, sum of bases, base
saturation, total organic carbon and carbon stock.

The soil pH (H,O; 1:2.5), available phosphorus,
exchangeable cations (Ca?*, AI* and Mg*"), K" and
Na" contents, and potential acidity (H" + AI**) were
determined according to Teixeira et al. (2017).
These analyses enabled the calculation of the soil
exchangeable complex variables, mainly cation
exchange capacity, sum of bases and base saturation.

The soil organic carbon contents were
determined in a wet basis by oxidation with potassium
dichromate (K,Cr,0,) at 0.0667 mol L (Teixeira
et al. 2017). The carbon stock was calculated as
described by Veldkamp (1994), taking into account
the differences in soil mass suggested by Carvalho et
al. (2009), using the following equation: CS =TOC x
Bd x [(Bdref/Bd x Z)]/10, where CS is the carbon
stock (Mg ha'); TOC the total soil organic carbon
contents (g kg'); Bd the soil bulk density (g cm?);
Bdref the soil bulk density reference (g cm?); and Z
the thickness of the soil layer evaluated (cm).

The soil structural stability index, wet and dry
percentages of macro and microaggregates, weighted
mean diameter of wet and dry aggregates, and
aggregate stability index were also evaluated. The soil
structural stability index was determined as described
by Pieri (1992), using the organic carbon, silt and
clay contents of the soil samples, according to the
equation: SSI=[(TOC * 1.7240)/(silt + clay)] x 100,
where SSI is the structural stability index (%), TOC
the total organic carbon and 1.7240 the conversion
factor for soil organic matter. Structural stability
indexes are classified according to the ranges of
SSI > 9 % (stable structure), 7 % < SSI <9 % (low
risk of structural degradation), 5 % < SSI <7 %
(high degradation index) and SSI <5 % (structurally
degraded soil).

The weighted mean diameter of wet (WMD-
WA) and dry (WMD-DA) aggregates, and wet and
dry percentages of macro and microaggregates were
determined according to Silva & Mielniczuk (1997).
The aggregate stability index was estimated by the
WMD-WA to WMD-DA ratio.

The means of the variables were submitted
to analysis of variance and, when significant, to
the Tukey test (p < 0.05), using the R software (R
Development Core Team 2013).

RESULTS AND DISCUSSION

The evaluated systems presented no significant
difference (p < 0.05) for the soil fertility attributes
(Table 1). However, the K" contents varied from
medium to very high.

The K* contents varied from 58.6 to 129.5 mg
dm?inthe 0.00-0.10mlayer, from25.9to 109.3 mgdm?
inthe 0.10-0.20 mlayer, and from 63.6 to 116.2 mg dm
in the 0.20-0.30 m layer (Table 1). Similar results
were found by Ferreira et al. (2009), in soils under
crop-livestock-forest integration, in the Rio Grande
do Sul state, Brazil. They reported that the high K*
contents in pasture areas are due to the digestion
process of animals, since 90 % of the K* in these
environments are from feces and urine and are in
ionic form, readily available to plants.

The P contents varied from very low to medium,
with decreasing values as the soil depth was increased
(Table 1). This is related to intrinsic properties of
tropical soils, which present a high phosphorus
fixation (Diel et al. 2014). Na* is commonly found
in Alfisols, but the contents found were practically
insignificant (Table 1). The Ca** contents varied from
low to medium, with decreasing values as the soil
depth was increased. Santos et al. (2013) reported
that high Ca®" concentrations in surface layers are
related to high organic carbon contents, high nutrients
cycling, and use of soil conditioners and fertilizers.
The Mg?* contents were high in all evaluated systems
(Table 1). A similar result was found by Silva et al.
(2019), in soils under integration system. The systems
evaluated presented low AI*" contents and potential
acidity (H" + Al*"), with no significant differences
from each other (Table 1).

The means for soil organic matter contents,
pH, cation exchange capacity, sum of bases and
base saturation (Table 2) showed that only the soil
organic matter contents in the 0.00-0.10 m layer
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Table 1. Chemical and fertility analyses of an Alfisol after four years of implementation of integrated agricultural systems and pasture.

K* P Na* Ca* Mg? Ca* + Mg AP H+ AP
Systems - -
mg dm? cmol, dm™
0.00-0.10 m soil layer
LFI1 74.6 3.66 0.00 2.13 2.15 4.28 0.125 6.07
LFI2 71.4 4.12 0.00 1.84 2.06 3.90 0.175 6.16
LFI3 58.6 6.26 0.00 2.92 1.84 4.76 0.112 5.93
CLI 106.1 18.36 0.00 2.35 2.18 4.53 0.112 5.71
Pasture 129.5 11.02 0.00 2.86 1.92 4.78 0.138 5.48
CV (%) 60.3 79.20 0.00 22.1 20.80 17.30 42.800 13.30
0.10-0.20 m soil layer
LFI1 48.9 2.33 0.00 2.12 1.70 3.81 0.50 8.22
LFI2 34.6 2.29 0.00 2.11 1.05 3.16 0.42 7.89
LFI3 259 3.87 0.00 2.33 1.23 3.56 0.50 8.00
CLI 56.0 10.47 0.00 1.87 1.68 3.55 0.60 8.44
Pasture 109.3 3.87 0.00 2.79 1.20 3.99 0.23 6.58
CV (%) 101.2 85.80 0.00 29.10 51.80 24.50 63.10 17.20
0.20-0.30 m soil layer
LFI1 72.6 1.69 0.02 2.29 1.58 3.87 0.56 7.85
LFI2 63.6 1.86 0.01 1.63 2.21 3.84 0.80 8.89
LFI3 69.5 2.04 0.03 1.88 1.53 3.42 0.51 7.30
CLI 116.2 222 0.01 1.87 1.73 3.60 0.55 7.51
Pasture 66.5 2.65 0.00 1.99 1.47 3.46 0.65 8.20
CV (%) 53.7 19.70 54.10 30.80 24.00 15.20 39.10 11.10

LFI1: Brachiaria decumbens + Tabebuia impetiginous; LF12: B. decumbens + Gliricidia sepium; LF13: B. decumbens + Mimosa caesalpiniifolia; CLI: B. decumbens +

maize; Pasture: B. decumbens; CV: Coefficient of variation.

were significantly different among the treatments
(p < 0.05), with the highest contents in the
B. decumbens + maize system (28.5 g kg'!) and the
lowest ones in the B. decumbens + G. sepium system
(18.6 g kg™).

The high organic matter contents in the
B. decumbens + maize system are related to the
high biomass production and absence of soil
turning. Similar results were found by Gazolla et al.
(2015), in a Dystrophic Ferralsol under integrated
farming systems. The absence of soil turning and
permanence of organic matter on the soil surface in
conservationist production systems favor the activity
of microorganisms and the release of essential
elements for the functioning of the ecosystem (Bartz
et al. 2014).

The soil pH varied from medium to high
(Table 2), with the lowest values in the 0.10-0.20 m
layer, no significant differences between the evaluated
systems, and the lowest values in the B. decumbens +
G. sepium system. The soil acidity may increase in
areas with harvested crops, due to the absorption of
alkaline cations by plants, soil erosion and exposure,
excessive use of nitrogen fertilizers, and sulfur and
organic matter oxidation (Souza et al. 2007).

The cation exchange capacity, sum of bases
and base saturation were not different among the
treatments in the evaluated soil layers; however,
the cation exchange capacity was classified as
medium (Table 2), with more expressive values
in the 0.10-0.20 and 0.20-0.30 m soil layers. This
may be due to the high clay contents and cation
exchange capacity of the B horizon of Alfisols.
According to Reichert et al. (2008), the medium
cation exchange capacity found in the systems may
be related to the detrimental effect of soil acidity
on the activities of Ca?", Mg* and K*. The partial
neutralization of soil acidity releases negative
charges from the exchangeable complex occupied
by Ca*, Mg*" and K", increasing the soil fertility,
cation exchange capacity and agricultural production
(Reichert et al. 2008). The highest sum of bases in the
B. decumbens + maize system (Table 2) was probably
due to the residual liming effect before the planting
of maize in the 2018/2019 crop season.

The total organic carbon differed between
the evaluated systems only in the 0.00-0.10 m soil
layer (Table 3). The soil carbon stock and structural
stability index were similar among the treatments
(p <0.05).
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Table 2. Organic matter contents (OM), pH, cation exchange
capacity (CEC), sum of bases (SB) and base saturation
(BS) of an Alfisol after four years of implementation of
integrated agricultural systems and pasture.

Table 3. Total organic carbon (TOC), carbon stock (CS) and
structural stability index (SSI) of an Alfisol after four
years of implementation of integrated agricultural
systems and pasture.

Systems OM pH CEC SB BS Systems TOC CS SSI
gkg! HO(1:2.5) —cmol.dm™®— % gkg! Mg ha'! %
0.00-0.10 m soil layer 0.00-0.10 m soil layer
LFII 23.5ab 5.55 10.5 447 423 LFII 13.7 ab 18.65b 4.73
LFI12 18.6b 5.17 10.2 4.08 39.9 LFI2 10.8b 20.27b 3.63
LFI3 25.6 ab 5.67 10.8 491 45.7 LFI3 14.8 ab 14.74 ¢ 4.58
CLI 285a 5.67 10.5 4.80 46.0 CLI 16.5a 1991b 4.46
Pasture 25.1 ab 5.62 10.6 5.12 47.9 Pasture 14.6 ab 22.57 a 5.18
CV (%) 12.8 7.30 7.9 15.50 13.8 CV (%) 12.8 12.46 13.00
0.10-0.20 m soil layer 0.10-0.20 m soil layer
LFI1 241 5.40 12.2 3.94 339 LFI1 14.0 19.11 3.81
LFI2 20.5 4.95 11.1 3.25 29.1 LFI2 11.9 16.23 391
LFI3 20.2 497 11.7 3.66 314 LFI3 11.7 16.04 4.01
CLI 224 5.17 12.1 3.69 30.5 CLI 13.0 16.70 432
Pasture 21.1 5.42 10.8 4.27 39.3 Pasture 12.2 17.74 3.71
CV (%) 9.3 5.90 7.7 2210 23.4 CV (%) 9.3 12.05 9.40
0.20-0.30 m soil layer 0.20-0.30 m soil layer
LFI1 19.8 5.33 11.9 408 341 LFI1 11.5 15.65 3.52
LFI2 19.8 4.95 12.9 4.02 31.6 LFI2 11.5 14.53 3.95
LFI3 18.3 5.12 10.9 3.62 335 LFI3 10.6 15.69 3.62
CLI 19.5 5.25 11.4 3.91 342 CLI 11.3 15.07 3.06
Pasture 19.0 5.08 11.8 3.64 303 Pasture 11.0 15.44 3.45
CV(%) 9.0 3.10 77 1330 123 CV (%) 9.0 11.62 8.80

LFI1: Brachiaria decumbens + Tabebuia impetiginous; LF12: B. decumbens +
Gliricidia sepium; LF13: B. decumbens + Mimosa caesalpiniifolia; CLI: B.
decumbens + maize; Pasture: B. decumbens; CV: coefficient of variation. Means
followed by the same letter in the column are not different by the Tukey test
(p <0.05).

The soil total organic carbon contents of the
B. decumbens + maize system differed from those
of the B. decumbens + G. sepium system, with
16.5 gkg!, which is an adequate value (Table 3). The
other evaluated systems showed low carbon contents,
without significant differences. The carbon stock and
structural stability index presented no significant
differences among the evaluated systems. The high
organic carbon contents in the soil surface layers
are related to the diversity of residues added and the
high biomass production of leguminous and grass
species (Faccin et al. 2016). Blanco-Canqui (2021)
found that the use of leguminous species as soil cover
plants in a production system can add, on average,
1 Mg ha'! year' of organic carbon, in the 0.00-0.30 m
layer. Silva et al. (2011) evaluated the dynamics of
the soil organic matter in a crop-livestock integration
system and found an addition of organic carbon
similar to that of the no-tillage system. In addition,
Sant-Anna et al. (2017) evaluated the changes in the

LFI1: Brachiaria decumbens + Tabebuia impetiginous; LF12: B. decumbens +
Gliricidia sepium; LF13: B. decumbens + Mimosa caesalpiniifolia; CLI: B.
decumbens + maize; Pasture: B. decumbens; CV: coefficient of variation. Means
followed by the same letter in the column are not different by the Tukey test
(p <0.05).

soil organic carbon uptake for 22 years, in different
production systems in the Brazilian Savanna, and
found that the crop-livestock integrated system was
the most efficient for the addition of carbon to the soil,
confirming the result presented in Table 3.
However, in comparison to the experiment
conducted by Silva et al. (2019) in the same
experimental area of the present study, the organic
carbon contents presented a slight decrease in the
B. decumbens + T. impetiginous, B. decumbens +
G. sepium, B. decumbens + M. caesalpiniifolia and
B. decumbens + maize systems. This was probably
due to the climate seasonality and the plant residues
added to these treatments in the period preceding
the soil sample collection. The B. decumbens system
presented a mean carbon stock of 22.57 Mg ha'! in
the 0.00-0.10 m soil layer, differing from the other
systems evaluated (Table 3). In the 0.10-0.30 m layer,
the B. decumbens + G. sepium system presented a
trend of increases in carbon stocks as the soil depth
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was increased. This result was due to increases in
the soil density in subsurface layers, since changes
in soil density tend to affect the soil carbon stock
(Veldkamp & Verburg 2004).

The use of grass species combined with
forest species in integrated farming systems is
important for the improvement of the soil physical,
chemical and biological qualities, since it favors the
maintenance of carbon stocks. The combination of
these species contributes to decrease greenhouse
gas emissions and increase the sustainability of
production systems (Carvalho et al. 2010). According
to Silva et al. (2011), the high carbon uptake in
conservationist systems reinforces the hypothesis
that integrated agricultural systems are promising
for the improvement of quality and sustainability of
agroecosystems in tropical environments.

The soil structural stability index varied
among the systems from highly structured to
structurally degraded, with most mean values below
5 % (Table 4). In addition, this index decreased as
the soil depth increased, probably due to the high
sand and low carbon contents in the subsurface. The

structural stability index varied from 3.63 to 5.18 %
in the 0.00-0.10 m layer, from 3.71 to 4.01 % in the
0.10-0.20 m layer, and from 3.06 to 3.95 % in the
0.20-0.30 m layer (Table 4). In fact, the evaluated
Alfisol presented structural problems in deep layers,
and could present severe degradation risks (Silva et
al. 2019).

The weighted mean diameter of wet
aggregates showed a significant difference in the
0.00-0.10 m layer, and the highest mean was found
for the B. decumbens + T. impetiginous system, with
1.70 mm (Table 4).

The soil attributes presented in Table 4
showed no significant differences among the systems
evaluated for the 0.10-0.20 m soil layer. However,
significant differences were found in the 0.20-0.30 m
layer for dry macroaggregates, dry microaggregates
and weighted mean diameter of dry aggregates,
with the highest means found in the B. decumbens +
maize system for dry macroaggregates (86.2 %),
in the B. decumbens + G. sepium system for dry
microaggregates (30.8 %) and in the B. decumbens +
T. impetiginous system for weighted mean diameter

Table 4. Percentages of wet and dry macro (WMacro and DMacro) and microaggregates (WMicro and DMicro), weighted mean
diameter of wet and dry aggregates (WMD-WA and WMD-DA), and aggregate stability index (ASI) of an Alfisol after four
years of implementation of integrated agricultural systems and pasture.

WMacro WMicro DMacro DMicro WMD-WA WMD-DA
Systems 5 ASI
% mm
0.00-0.10 m soil layer
LFI1 73.7 26.3 79.6 20.4 1.70 a 2.04 0.711
LFI2 66.3 33.6 717.5 22.5 1.60 ab 231 0.528
LFI3 58.1 41.9 76.8 23.2 1.16 ab 1.91 0.533
CLI 60.6 39.4 76.5 234 1.21 ab 225 0.544
Pasture 61.4 38.6 69.2 30.8 0.99b 2.21 0.472
CV (%) 12.7 22.7 6.6 20.9 18.30 18.70 23.400
0.10-0.20 m soil layer
LFI1 52.0 48.0 79.7 20.4 1.36 2.29 0.598
LFI2 70.7 29.3 84.2 15.8 1.09 1.97 0.485
LFI3 51.3 48.7 79.2 20.8 0.88 2.18 0.417
CLI 62.0 38.0 78.3 21.7 1.03 2.17 0.488
Pasture 65.0 35.0 79.9 20.1 0.81 1.90 0.448
CV (%) 12.8 19.4 8.1 33.0 21.50 16.70 21.300
0.20-0.30 m soil layer
LFI1 56.1 43.9 81.4 ab 18.6 ab 1.08 2.51a 0.433
LFI2 62.3 37.7 69.2b 30.8 a 0.86 1.96 ab 0.444
LFI3 59.3 40.7 70.5 ab 29.4 ab 0.89 246a 0.374
CLI 58.9 41.1 86.2a 13.8b 1.15 239a 0.471
Pasture 64.3 35.7 78.3 ab 21.7 ab 1.07 1.53b 0.705
CV (%) 17.6 26.6 7.4 25.1 32.60 13.60 29.600

LFI1: Brachiaria decumbens + Tabebuia impetiginous; LF12: B. decumbens + Gliricidia sepium; LF13: B. decumbens + Mimosa caesalpiniifolia; CLI: B. decumbens +
maize; Pasture: B. decumbens; CV: coefficient of variation. Means followed by the same letter in the column are not different by the Tukey test (p < 0.05).
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of dry aggregates (2.51 mm). The weighted mean
diameter of dry aggregates was higher than the
critical value for an Alfisol (2.44 mm), as described
by Lima et al. (2008).

The highest percentage for wet microaggregates
was found in the B. decumbens + M. caesalpiniifolia
system (48.7 %), denoting that the soil in this
treatment present a low structural stability, with
higher predominance of aggregates with diameters
lower than 2 mm. Lima et al. (2008) found higher
microaggregate contents in managed soils, when
compared to native fields, and reported that areas
without disturbances (native field) present higher
organic matter and root contents, which are bound to
the soil mineral fraction, contributing to the formation
of aggregates. High microaggregate contents in
surface layers are also related to the soil exposure to
climate factors, especially rainfall, since the impact
of raindrops causes the disruption and disaggregation
of soil particles, mainly when using soil turning
(Marcolan & Anghinoni 2006).

Despite the low soil aggregate stability index
found, it increased after the implementation of the
experiment (Table 4). Silva et al. (2019) evaluated
the aggregate stability index in the same experimental
area, in 2017, and found lower mean values for the
B. decumbens + T. impetiginous and B. decumbens +
maize systems than those found in the present study
(Table 4), denoting increases of 0.095 for the
B. decumbens + T. impetiginous system and 0.058 for
the B. decumbens + maize system, from 2017 to 2019.

These increases in the aggregate stability
index are related to the increase in the organic carbon
contents over time. According to Silva et al. (2019),
the formation of soil aggregates is a slow process,
and to reach similar aggregate levels to those found
in forest soils, the soils should be covered with a
high diversity of grass and leguminous species and
be under a low impact management, which may
be achieved by decreasing the mechanized soil
preparation and maintaining soil cover plants.

CONCLUSIONS

1. The soil chemical and fertility attributes, structural
stability and aggregate stability index had
no satisfactory responses to the integrated
farming systems, when compared to the single
Brachiaria decumbens system, after four years of
implementation;

2. The B. decumbens + maize system presented soil
organic matter contents 11.93 % higher than the
single B. decumbens system, and were higher
than for the other evaluated systems. The single
B. decumbens system presented carbon stock
2.66 Mg ha'! higher than for the B. decumbens +
maize system, and, on average, 4.69 Mg ha' higher
than the livestock-forest integration systems;

3. The single B. decumbens system showed to be
more efficient in soil carbon uptake in the medium-
term than the B. decumbens + maize system and
the systems with arboreal components.
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