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The objective of this study was to evaluate the physical quality of a dystrophic Oxisol in the Cerrado
biome, by means of its aggregation, after 19 years of use and management with pasture. The treatments
were soil with natural vegetation (CERR); and soil with Brachiaria decumbens cultivar Basilisk pasture,
under the following four types of management: soil with maintenance-level fertilization, every two
years, and with legumes (PAML); soil with maintenance-level fertilization, every two years (PAM); soil
with fertilization only at implantation (PAI); and soil with degraded pasture without fertilization (PD). In
November 2012, after 19 years of land use in the treatments, soil samples were collected at four
locations per plot, and at two depths, 0 to 10 and 10 to 20 cm. The study evaluated the size distribution
of air-dried aggregates and the distribution of water-stable aggregates, determining the water-stable
weighted mean diameters (WMD,s), the efficiency ratio of aggregates (ERA) and organic matter content
of soil. The management of grassland with fertilizer favors the formation of larger aggregates in the soil,
as well as WMD,,,, ERA and the content of organic matter, improving soil physical quality, both in the 0
to 10 cm and in the 10 to 20 cm layer. Impacts on soil aggregates caused by the removal of native
vegetation can be improved with the use of soil under pasture and managed with fertilization in the 10
to 20 cm layer.

Key words: Soil physics, sustainability, organic matter.

INTRODUCTION

The use of the soil for pasture in the Cerrado, Brazil's significant transformations, occasioned by the use of
highland savanna, is of great importance for the Brazilian various technologies, especially alterations in fertilization
agribusiness sector. Since the expansion of the and soil management, breeding and diversification of
agricultural frontier in the 1970s, boosted by the opening crops (Macedo, 2009).

of new areas, the Cerrado soils have undergone In Brazil, extensive systems of exploitation for animal
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production, mainly for beef cattle, are carried out
principally in pastures, either native or cultivated.
However, more than half of the cultivated pastures in the
Cerrado are degraded or in the process of degradation,
with reduced soil fertility, increased invasive plants,
pests, soil compacted by animal hooves and erosive
processes, culminating in the loss of pasture to sustain
the levels of production and quality demanded by stock
(Souza et al., 2008; Macedo, 2009; Parente and Maia,
2011).

The effects of pasture degradation include an alteration
in the physical quality of the soil, an increase in density,
reduction in porosity and more resistance to penetration
when conditions are dry (Mapfumo et al., 2000; Fidalski
et al., 2008). Well-managed pasture, be it continuous
pasture or integrated with crops, avoids physical
degradation of the soil and protects against the impact of
raindrops. It also prevents the soil surface structure from
deteriorating and increases the infiltration of water into
the soil; furthermore, the root system promotes
improvements in soil structure (Salton et al., 2008; Bono
et al., 2012).

The physical quality of the soil can be evaluated by soil
properties, such as total porosity, soil density and
aggregation, and the availability of water for plants.
These properties influence the growth and development
of plants and maintain the diversity of organisms that
inhabit the soil (Bono et al., 2013; Carneiro et al., 2009).
When the soil is submitted to the productive process its
physical characteristics undergo alterations, and because
there is then a tendency to lose structural quality and
increase the susceptibility to erosion, it is vital to evaluate
these characteristics after the introduction of anthropic
activities, to look for more sustainable management
strategies (Wendling et al., 2012).

A parameter that has been used in the evaluation of
sustainability of use and management systems is the
physical quality of the soil. Aggregation is one of the
ways of checking this quality, and it is measured by
distribution of aggregated classes, weighted mean
diameter (WMD), geometric mean diameter (GMD) and
Aggregate Stability Index (ASI) (Wendling et al., 2012;
Demarchi et al., 2011).

The objective of this study was to verify the influence of
different management systems for soil under pasture on
the physical quality of a dystrophic oxisol in the Cerrado
biome, in the municipality of Campo Grande in Brazil's
Mato Grosso do Sul state.

MATERIALS AND METHODS

The experimental area used in this long-term experiment is located
within the National Center for Beef Cattle Research (Embrapa
Gado de Corte), in the municipality of Campo Grande, Mato Grosso
state, at geographical coordinates: latitude 20°25’03” and longitude
54°42°20" at an altitude of 559 m. The soil was described as a
dystrophic oxisol (Embrapa, 2013), and its natural vegetation, which
was cut down in the agricultural year of 1972/73, was typical of

‘cerraddo’, which is forested savanna. In October 1987, the area
was heavily tilled, roots were removed, and there was an
application of lime (1.0 t ha™ - PRNT-100%) and fertilizer (350 kg
ha™ of simple superphosphate, 100 kg ha™ of potassium chloride
and 40 kg ha™ of FTE), incorporated with a harrow. It was used in
the general maintenance of the herd of the Beef Cattle Center at
Embrapa Gado de Corte until August, 1993, and in July 1994 the
soil was prepared for the start of the experiment.

Treatments

For this study the following treatments for soil management were
considered:

1. CERR - soil with natural vegetation.

2. PAML — soil with pasture of B. decumbens cultivar Basilisk, with
maintenance-level fertilization every two years and with legumes.

3. PAM - soil with pasture of B. decumbens cultivar Basilisk, with
maintenance-level fertilization every two years;

4. PAI - soil with pasture of B. decumbens cultivar Basilisk, with
fertilization at implantation;

5. PD - soil with degraded pasture of B. decumbens cultivar
Basilisk, without fertilization.

All the pasture areas had animal management controlled by means
of a supply of uniform forage.

Description of treatments

In treatments of PAML, PAM, PAI and PD, implantation of the B.
decumbens cv. Basilisk pasture was done in plots measuring 140 m
X 50 m (7000 m?). In treatments PAML and PAM the areas were
corrected with lime to maintain saturation at bases from 40 to 45%,
with an application of dolomitic limestone with TNP of 80%.
Maintenance-level fertilizer was applied every two years, using 400
kg ha™* of machine-spread 0-20-20 formula. These applications took
place each November, and in the PAM treatment, there was also an
annual application of 50 kg ha™ of N, based on urea, which took
place between December and January. In the PAML treatment,
legumes were introduced every two years, composed of a mixture
of calopo (Calopogonium mucunoides) and stylosanthes (cultivar
Campo Grande) directly on the B. decumbens pasture, using a
pasture planter. The stocking rate in these treatments was 1.6
Animal Units (AU) ha™.

In the PAI treatment, the area was corrected with 1500 kg ha™* of
dolomitic limestone (TNP 80%) and fertilized only at implantation
stage with 80 kg ha® of P,Os using simple superphosphate as
source, 100 kg ha™ of K,O using potassium chloride as source and
50 kg ha™ of N from animal urea ha™. The stocking rate in this
treatment was 0.8 AU ha™. In the PC treatment, the pasture was
implanted without correction or fertilizer and the stocking rate was
0.6 AU ha™. In the CERR treatment, plots of 140 m x 50 m (7000
m?) of native vegetation beside the experiment were considered.

Parameters evaluated

In November 2012, after 19 years of soil use, samples were
collected from the treatments, from four places in each plot and at
two depths, at 0 to 0.10 and 0.10 to 0.20 m. The samples, under
friable conditions in the field (soil consistency when damp), were
put through a sieve with a mesh of 8 mm and collected in a 4 mm
sieve, in accordance with Guedes et al. (1996). Next, the analysis
took place to calculate the size distribution of air-dried aggregates
and water-stable aggregates, shaken as described by Veiga (2011).
For this, 100 g of air-dried aggregates were used, placed in the



upper part of a set of five sieves with mesh of 2.00; 1.00; 0.50; 0.25
and 0.105 mm, and shaken vertically with 46 oscillations per minute
in the water, for 10 min. In the samples of air-dried aggregates,
moisture was determined by the gravimetric method (Embrapa,
2011), to correct the humidity in aggregates submitted to shaking.
By means of the sieves used, the aggregates were distributed in
the following classes: 8 to 2; 2 to 1; 1 to 0.5; 0.5 to 0.21 and 0.21 to
0.105 mm. From the different sizes of aggregates separated in
water, the organic matter (OM) content in the soil was determined,
in accordance with Embrapa (2011). From the values of the size
distribution of air-dried and water-stable aggregates the weighted
mean diameters were determined for air-dried (WMD,q) and water-
stable (WMD,s) aggregates to obtain their efficiency ratio (ERA) in
accordance with Veiga (2011), by means of the equations below
(equation 1 and equation 2):

WMDgg = Y. (pi*di) O

WMD,,; = Y. (pi~di)
@)

i represents the class of aggregates (8 to 4; 4 to 2; 2to 1; 1 to 0.5;
and < 0.5 mm); pi is the proportion of aggregates present in the
respective class in relation to the total mass of aggregates; and d is
the mean diameter of the class (respectively 6; 3; 1.5; 0.75 and
0.25 mm). With the values of WMD,q and WMDys the Efficiency
Ratio of Aggregation (ERA) was calculated with equation 3 (eq. 3):

WMDy,s
WMDaq

ERA =

®)

Statistical analyses

A randomized block design with four repetitions was used. The
values obtained for size distribution of the water-stable aggregates,
WMDa4, WMDys, ERA and OM, were submitted to analysis of
variance, and to compare means between treatments. The Waller-
Duncan test was run at 5% of probability. The levels of sizes of
aggregates and organic matter, were Submitted for linear
regression analysis to establish the mathematical models.

RESULTS AND DISCUSSION

Table 1 shows the values obtained for classes of water-
stable aggregates (AG), weighted mean diameter
(WNDys) of the aggregates’ stability, efficiency ratio of
aggregation (ERA), and organic matter in the classes of
aggregates for various systems of pasture management,
at layers from 0 to 10 and from 10 to 20 cm. At both
depths, both for the sampling site and for the site-
treatment interaction, there was no significant effect
(P<0.05). In the layers from 0 to 10 cm and from 10 to 20
cm, there was a significant effect of the treatments for all
the analyzed parameters (P<0.05), with the exception of
the aggregates in class AG 1 to 0.5 mm in the 10 to 20
cm layer, which was not significant (P>0.05). The mean
percentage values of the water-stable aggregates under
the different pasture management systems in a Cerrado
dystrophic oxisol are presented in Table 2.
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The treatments with pasture fertilized every two years,
in aggregate classes 8 to 2 mm and 2 to 1 mm, and
pasture fertilized every two years and with legumes, in
aggregate classes 8 to 2 mm, presented water-soluble
aggregate percentages equal to those from the soil with
native vegetation in both layers studied, showing the
effect of this pasture management on soil aggregation.

The beneficial effects of greater aggregation in the soil
are greater water infiltration capacity, lower soil density,
greater aeration space and improvements in hydraulic
conductivity. This means that water can infiltrate and
move better within the soil profile, the characteristic curve
for water retention improves and there is less resistance
to root system penetration, as discussed in the works of
Carvalho et al. (2004) and Bono et al. (2012).

According to Conte et al. (2011) and Salton et al.

(2008), the stability of aggregates can increase the OM
content and consequently the carbon content. The
presence of the root system is fundamental for the
existence of larger aggregates.
Bono et al. (2013) and Salton et al. (2008) worked in the
same experimental area and also noted the positive
effect on soil management of pasture managed with
fertilizer and legumes. This also corroborates the results
of Ayarza et al. (1993) and Alvarenga and Davide (1999),
reporting that soil cultivated with pasture showed the
same percentage of aggregates as soil with natural
vegetation. Stable aggregates provide good structure for
the soil, with porous spaces occurring within the sail.
These allow roots to develop without interference, fauna
to increase and air and water to circulate (Ferreira et al.,
2010).

This aggregation in the pasture fertilized every two
years, as well as in pasture with legumes, is attributed to
soil fertilization, which favors intense growth. The root
biomass will consequently renew itself and will contribute
to the formation of larger aggregates (Corazza et al.,
1999; Six et al., 2004; Marchao et al., 2007). More plant
residue over the soil will also protect it from compression
and fracturing by animal hooves, thus preparing it for a
greater stocking rate (Fidalski et al., 2008; Bono et al.,
2013).

Table 3 shows the greater percentage of aggregation in
the classes from 8 to 2 mm and 2 to 1 mm, for both
depths. In this table, WMD,q4 is compared with WMD,s,
evidencing a significant effect of treatments only for
WMD,s, Which indicates that water is the main agent in
reducing the diameter of aggregates, as reflected in the
efficiency rate of aggregation (ERA). The WMD,,s and the
ERA for pasture fertilized every two years and pasture
fertilized every two years with legumes, at both depths,
follow the same tendency for the percentage of soil
aggregation as they did under native vegetation, not
differing statistically.

The pasture without fertilizer presented the lowest
percentage of ERA among the studied systems,
demonstrating the effect of fertilizer on soil aggregation.
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Table 1. Values of the F statistic and its significance for the classes of water-stable aggregates (AG), weighted mean diameter
(WNDys) of the aggregates’ stability, efficiency ratio of aggregation (ERA), and organic matter in aggregate classes for various
management systems in a dystrophic red oxisol in the Cerrado region of Campo Grande, Mato Grosso do Sul, under pasture at
the layers of 0 to 10 cm and 10 to 20 cm. Campo Grande, MS, 2014.

Cause of variation Cause of variation
Properties evaluated Block Treatments CV% Block Treatments CV%
Value of F Value of F
0to10 cm 10 to 20 cm
AG 8 to2mm 0.01™ 29.47** 20.8 0.05™ 11.62** 29.9
AG 2to 1 mm 0.05"™ 12.90* 23.0 0.04" 7.42¢ 22.9
AG 1t0 0.5 mm 0.03™ 11.22* 35.8 0.32" 0.79™ 35.8
AG 0.5t0 0. 25 mm 0.32" 7.27* 22.5 1.53™ 10.95* 22.5
AG 0.25t0 0.105 mm 0.57™ 4.40* 37.4 1.67" 4.66* 37.4
WMDgq 0.79™ 3.61* 5.2 0.80"™ 57.47** 5.2
WMDys 0.01™ 39.91** 171 0.10™ 14.28** 171
ERA 0.02" 29.53* 17.9 0.24" 23.19* 17.9
OM 8 to 2 mm 0.22" 56.00** 10.6 1.27" 15.19** 10.6
OM2to 1 mm 0.76"™ 54 .12* 5.0 1.78™ 71.37** 5.2
OM 1to 0.5 mm 0.05™ 72.78** 5.6 1.09" 51.60** 5.8
OM 0.5t0 0. 25 mm 0.51™ 53.50** 41 1.27" 84.26** 4.2
OM 0.25 t0 0.105 mm 0.34" 45.18** 10.0 1.08"™ 54.84** 8.9
ns= non significant * = significant at 5% and **=significant at 1% AG= Class size of water-stable aggregates; OM= organic matter in the

aggregates.

Table 2. Mean values of the percentage of water-stable aggregates for different pasture
management systems for a dystrophic red oxisol in the Cerrado biome of Campo Grande-MS,
under pasture, at the layers from 0 to 10 cm and 10 to 20 cm. Campo Grande, MS, 2014.

Classes dos agregados estaveis em agua (mm)

Treatments 8to 2 2t0 1 1t00,5 0,5t0 0,21 021 to 0,105
%
Oto10cm
CERR 31.04% 27.112 21.75° 15.29° 4.81°
PAI 20.02° 13.73° 25.15" 27.69° 13.41°
PAM 30.32% 28.62° 16.69° 16.79° 7.59°
PAML 29.49° 25.50° 13.50° 23.35° 8.15°
PC 8.79° 17.37° 32.56% 30.63% 10.65%
10to 20 cm
CERR 26.382 22572 23.022 21.02° 7.01%
PAI 17.20° 13.49° 25.11° 34.34° 9.86%
PAM 26.43% 20.95% 25.79% 22.27° 4.57°
PAML 25.852 14.44° 19.33° 30.44° 9.94%
PC 9.47° 18,99° 22.34% 39,642 9.56°

Means followed by the same letter in the column do not differ among themselves by the Waller-Duncan
test at 5% probability.

This effect was also seen over time, when the pasture et al. (1993) and Salton et al. (1999), which reported
that received fertilizer only at implantation showed higher similar WMD,,s and ERA for well-managed pasture and
values for WMD,,s at the 0 to10 cm layer and the ERA at native vegetation.

both depths than the unfertilized pasture. These data The greater the WMD,,s, the higher the percentage of
support those obtained by Reichert et al. (2004), Ayarza aggregates in classes from 8 to 2 mm and 2to 1 mm.



Table 3. Mean values for the weighted mean
diameter of air-dried aggregates (WMDa.) and
water-stable aggregates (WMD.s) and the
efficiency rate of aggregation (ERA) for different
pasture management treatments in a dystrophic
oxisol in the Cerrado biome in Campo Grande-MS,
under pasture at depths of 0 to 10 cm and 10 to 20
cm. Campo Grande, MS, 2014.

WMDag  WMDys ERA
Treatments Oto 10 cm
mm
CERR 4.67% 2.18% 0.47%
PAI 4.49° 1.51° 0.34°
PAM 4.70% 2.14% 0.46%
PAML 4.66% 2.05% 0.44%
PC 4572 1.07° 0.20°
10to 20 cm
CERR 4.27% 1.92% 0.45°
PAI 4.43% 1.39° 0.32°
PAM 4.61° 1.92% 0.42%
PAML 4.50° 1.78% 0.39°
PC 4.32° 1.08° 0.18°

Means followed by the same letter in the column do
not differ among themselves by the Waller-Duncan
test at 5% probability.

These aggregates will be physically protected as OM
adheres to the soil mineral particles, while smaller
aggregates will be chemically protected, since they also
adhere to mineral particles (Resck, 1996). Larger
aggregates will be more likely to undergo disaggregation
and other processes linked to soil degradation. Table 4
shows OM content found in the aggregate classes. The
highest content was found at both depths in classes from
2to 1 mmand 1 to 0.5 mm. Soil with native vegetation
presented OM in the aggregates that was significantly
higher than in other treatments in the classes from 2 to 1
mm and 1 to 0.5 mm at the layer from 0 to 10 cm.
However, in the layer from 10 to 20 cm, the pastures
managed with fertilizer and with legumes presented the
highest OM content in each class, showing the effect of
organic carbon on depth.

The largest aggregates, which have temporary binding
agents (roots or fungal hyphae), are closely related to the
present of plants and addition of residues to the soil.
They become unprotected from the moment at which the
soil becomes uncovered or left fallow, reducing the
guantity and stability of these aggregates, and
decreasing OM in the soil (Pillon et al., 2002). This may
explain the effect of management without fertilizer, where
the production of less plant matter exposes the soll
surface to the impact of raindrops, favoring the
disaggregation process.

Pasture with fertilizer every two years, pasture with
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fertilizer every two years and legumes, and pasture with
fertilizer at implantation all act on soil aggregation
through the root system. They promote an increase in
OM, boost the soil carbon content and lead to root growth
(Salton et al., 2008; Conte et al., 2011; Costa et al.,,
2012). In the treatment without fertilizer, the OM content
was lower than in other treatments, in all aggregate
classes, indicating that pastures managed with fertilizer
have higher OM in the aggregates. Costa et al. (2012)
state that OM is needed for carbon accumuluation and to
favor the activity of soil microbiota, such as fungi that
help to aggregate soil particles.

The root system in rapid-cycle pasture provokes an
increase in the appearance of plant material in the most
superficial layers, and also boosts carbon storage when
the soil is not dressed. In well-managed pasture, in which
OM is conserved in the soil, the carbon stocks in the soll
can thus be higher than under native vegetation,
according to Jakelaitis et al. (2008), Ferreira et al. (2010)
and Wendling et al. (2012).

Jakelaitis et al. (2008) mention that in the literature,
there are works that are contradictory in relation to
differences in carbon found in soils under native
vegetation and under pasture. It is known that carbon
content can vary from soil to soil, even with a single
production and deposition of biomass in the soil,
depending on the quality of the material and the influence
of various factors on the soil microbiota and the
decomposition rate. The contribution of carbon to the sail,
via the roots, is vital for the existence of larger
aggregates, as has been seen in systems with
permanent pasture, which present significantly higher
WMD than systems with pasture that is unfertilized and
receives no legumes, according to Salton et al. (2008).

Soil aggregation is related to the OM content up to a
certain size, after which the values drop. In this study,
OM content was highest in classes from 2 to 1 and 1 to
0.5 mm, at both depths (Figure 1). Soil aggregation in
pasture is due to root growth, which helps the process by
stimulating microbial activity, increasing the quantity of
exudates that work as agents for soil aggregation,
fostering the grouping of smaller aggregates, and
resulting in the formation of larger ones (Costa et al.,
2012).

The OM content of soil falls when there are fewer
organisms decomposing. When decomposition rates rise,
due to alterations in natural factors, the soil structure is
damaged and degradation results. Soil management will
impact on OM, which is one of the main agents in
aggregate formation and stability, as reported also by
Resck (1998), Ferreirra et al. (2010) and Demarchi et al.
(2011). Fertilization of pastures thus increases soil
aggregation and  water-stability of aggregates,
contributing to better physical quality for the soil and
reaching levels comparable to those seen under natural
vegetation.

In turn, better physical quality for the soil improves root
growth, according to Araudjo et al. (2012); water and
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Table 4. Mean values for organic matter content (OM) of water-stable aggregates
for different pasture management treatments in a dystrophic oxisol in the Cerrado
biome in Campo Grande-MS, under pasture at depths of 0 to 10 cm and 10 to 20
cm. Campo Grande, MS, 2014.

Classes of water-stable aggregates (mm)
8to 2 2tol 1to0.5 0.5t00.21 0.21to 0.105

Treatments
%

O0to 10 cm
CERR 30.16%  41.55° 42.06% 33.72°% 27.16%
PAI 26.09° 24.07° 27.87° 21.17° 16.58"
PAM 27.95°  3261° 3553° 27.84° 27.15°
PAML 28.87% 3475  27.96° 25.33" 25.43"
PC 19.25¢ 2023  14.00° 9.30¢ 13.58°

10to 20 cm
CERR 18.67° 23.95* 18.64™ 16.56"° 16.76"
PAI 18.11°  20.22° 21.69% 15.79° 15.40°
PAM 20.12%  2523% 2456° 22.262 21.65%
PAML 21.96% 23.23% 21.38° 18.15° 19.16%
PC 1459°  17.06° 17.08° 16.29"° 10.10°

Means followed by the same letter in the column do not differ among themselves by the
Waller-Duncan test at 5% probability.

Pasture with fertilizerevery 2 years Pasture with fertilizerevery 2 years and
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Figure 1. Organic matter in the water-stable aggregates for different pasture management
treatments in a dystrophic oxisol in the Cerrado biome in Campo Grande-MS, under pasture
at depths of 0 to 10 cm and 10 to 20 cm. Campo Grande, MS, 2014.



nutrients are stored and supplied to plants with greater
efficiency, and gas exchange and biological activity also
improve and contribute to sustainability. Alves et al.
(2007) mention the use of pasture and legumes to
recover degraded areas, improving OM content and
boosting soil aggregation, as confirmed in this study.

Conclusions

Pasture with fertilization favors the formation of larger soil
aggregates, improving the physical quality of the soil at
depths of not only 0 to 10 cm but also 10 to 20 cm. The
impacts of removing native vegetation on soil aggregates
can be reduced by covering soil with pasture, fertilizing it
appropriately and controlling stock levels.
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