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Abstract

The objective of this study was to evaluate the total organic carbon (TOC) and nitrogen content, and quantify the
TOC and nitrogen stocks in land use systems in the Cerrado region of Goias State, Brazil. A crop-livestock
integration system (CLIS) was evaluated - (corntbrachiaria/beans/cotton/soya beans) and a no-tillage system
(NTS) - (sunflower/millet/soya beans/corn). The vegetal coverage of the natural Cerrado, adjacent to the NTS and
CLIS, was considered as the original soil condition. Soil samples were collected at layer depths of 0.0-10.0 cm,
10.0-20.0 ¢cm, 20.0-30.0 cm, 30.0-40.0 cm, 40.0-50.0 ¢cm, 50.0-60.0 cm, 60.0-80.0 cm, and 80.0-100.0 c¢m, in a full
random experimental design. The CLIS had higher contents of TOC and N than the NTS up to a level of 30.0 cm.
Higher nitrogen stocks were observed in the Cerrado. In the CLIS, higher TOC contents were found up to 30.0 cm
and nitrogen contents up to 20.0 cm. The sum of stocks up to a depth of 100 cm for TOC and 40 c¢m for nitrogen
was greater in the CLIS when compared to the NTS. Under the CLIS, the stocks of TOC (0.0-30.0 cm) and
nitrogen (0.0-20.0 cm) increased in relation to those of the NTS. The CLIS was more efficient in stock
accumulation than the Cerrado for the sum of layers 0.0-40.0 cm and 0.0-60.0 cm.

Keywords: Oxisol, C/N ratio equilibrium, root system, crop rotation, moderate use pasture
1. Introduction

The conversion of crops from a no-tillage system (NTS) into a crop-livestock integration system (CLIS) may result
in significant increases in the soil nutrient content, mainly because the integrated system may lead to higher soil
organic matter content (SOM). In contrast, more intense cultivation of the soil may result in a higher extraction of
nutrients from CLIS areas. Conclusive studies on the changes in the distribution of carbon and nitrogen contents
and stocks after the implementation of a CLIS system are scarce (Marchdo et al., 2009; Carvalho et al., 2010a; Loss
etal., 2011; Anghinoni et al., 2011).

The CLIS has great potential for agricultural use due to the introduction of forage species. In general, forage
species accumulate more carbon than crops for human consumption, as the phytomass of the latter is often
insufficient for the maintenance of the soil cover (Macedo, 2009; Carvalho et al., 2010b). The CLIS has been used
as a means of recovering pastures degraded by overgrazing and low fertility, resulting in improved productivity
due to intensified soil use and minimization of native vegetation removal (Landers, 2007; Salton et al., 2008;
Gimenez et al., 2009; Ferreira et al., 2011), particularly in the Cerrado morphoclimatic domain.

Because of the climate, the rate of vegetable residue decomposition in the Cerrado is very high, quickly leaving the
soil uncovered. These factors rapidly lead to a reduction in the mulch, and later to a less efficient NTS, when
compared to the decomposition rate of other morphoclimatic domains such as the Araucaria and Pampas domains

96



www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 8;2012

in southern Brazil. The CLIS becomes fundamental, as its use in association with the poaceae species (brachiaria
and pearl millet) intensifies the production of mulch, especially in the dry season. Besides mulch production, other
benefits are better use of the soil due to the characteristics of the graminaceae root system, and alterations of the
carbon and nitrogen cycles in the soil profile (Loss et al., 2011).

The introduction of crops associated with pastures in the NTS (especially brachiaria), may result in better
environmental conditions (due the diversity of this system), such as the flow of nutrients, and other common
natural processes that lead to more conservationist agriculture (Carvalho et al., 2010a,b; Ferreira et al., 2011;
Anghinoni et al., 2011). The NTS contributes to the increase of carbon and nitrogen stocks in the soil profile,
especially when associated with annual crop rotation (Silva et al., 2009; Martins et al., 2009; Boddey et al., 2010).
The association of a CLIS with an NTS may result in an even greater accumulation of carbon and nitrogen in the
soil profile in comparison with systems not using forage like brachiaria (Souza et al., 2009). However, it is still
necessary to obtain a great volume of data on this accumulation pattern for better guidelines on its use in soil
management, particularly with soya bean and off-season corn crops in the center-west region of Brazil (Martins et
al., 2009; Carvalho et al., 2009). Therefore, this study’s hypothesis is that the use of the NTS with moderately
intense grazing increases the carbon and nitrogen stocks in soil in relation to the NTS alone. This study aimed to
evaluate the total organic carbon (TOC) and nitrogen contents and quantify the TOC and nitrogen stocks in land
use systems in the Cerrado region of Goias State, Brazil.

2. Material and Methods

The study was conducted on the Vargem Grande Farm of Agropecuaria Peeters, located in Montividiu, Goias
State, Brazil (17°21” S and 51°28” W). The area has a well-defined dry season (from May to September) and rainy
season (from October to April). Annual rainfall is 1500 mm and the maximum and minimum temperatures are 30.1
and 17.8 °C, respectively. The soil in the systems evaluated was classified as Oxisol (Soil Survey Staff, 2006) with
a clayey texture (Latossolo Vermelho Distrofico; (Embrapa, 2006)). In the mineralogical composition of the clay
fraction, gibbsite, kaolinite and hematite stand out.

The original vegetal coverage of the soil was closed canopy Cerrado forest, removed in 1975 to establish pastures
(Urochloa decumbens) and then continuously used for 10 years until 1985 (Figure 1).

Soil sampling

1975 1985 1991 | 2011 |

Figure 1. Land use history with implementation dates at the “Vargem Grande” Farm, of Peeters Agriculture and
Livestock, located in Montividiu, Goias State, Brazil (CTS = conventional tillage system, NTS = no-tillage
system, CLIS = crop-livestock integration system

The areas were then plowed and harrowed (CTS) until 1991 (7 years) for the cultivation of grains (corn, beans,
soya beans and sunflowers). The NTS was implemented with crop rotation-corn, soya beans, cotton, beans
(1991-2008) and, from 1999 part of the NTS was transformed into a CLIS (1999-2008). Therefore, the areas
evaluated used an NTS with the same crop rotation-NTS only from 1991-2008 and CLIS from 1999-2008 (Figure 1).

The areas evaluated were cultivated using an NTS for 17 years: one with crop rotation only
(sunflower-millet-soybean-corn), at coordinates 17°21.12°S, 51°29.46’W and altitude of 958 m; and another with
brachiaria (U. ruziziensis) intercropped with corn to increase the fodder production in the dry season
(corn-brachiaria-beans-cotton-soya beans), at coordinates 17°21.85°S, 51°28.599'W and altitude of 859 m. The
vegetal coverage of natural Cerrado, adjacent to the cultivated systems (17°26.642'S, 51°22.522' W, altitude of 951
m) was considered as the original soil condition.
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In the CLIS (corn-brachiaria-beans-cotton-soya beans), corn and brachiaria were planted simultaneously (brachiaria
between corn rows). After the corn harvest, cattle were introduced to the system at 2.0 AU per ha (AU-animal unit)
for 90 days (July-September). After removal of the cattle, only brachiaria clumps remained. Then, after the first
rains, the brachiaria was fertilized with 200 kg ha™ of N P K formulation (20-00-20) in the first half of September.
After regrowth, when the soil was completely covered by grass, desiccation was done and beans were grown.

Liming was done in the CLIS in July 2005 using a dose of 3.60 Mg ha" of dolomitic limestone, with Total
Neutralizing Power (TNP) of 70%, to raise the base saturation to 70%. The same procedure was performed for the
NTS, also in July 2005, using a dose of 2.90 Mg ha™ of dolomitic limestone with TNP of 70%, to raise the base
saturation to 60%. The sequence of crops and fertilizers used in both systems from 2002 to 2008 is described in
Table 1.

Table 1. Fertilization and cropping sequences used in the evaluated systems of the “Vargem Grande” Farm of
Peeters Agriculture and Livestock, located in Montividiu, Goias State, Brazil

Year Month Culture Fertilizer
Crop Coverage
CLIS (corn-brachiaria-bean-cotton-soybean)
2002  October Soya beans 580 kg ha” of 02-20-18  --------
2003 February  Corn + brachiaria 500 kg ha™ of 07-28-14 100 kg ha™ of urea
2003  October Soya beans 580 kg ha” of 02-20-18  ---------
2004 February  Corn + brachiaria 450 kg ha™ of 07-28-14 100 kg ha™ of urea
2004 October Soyabeans 500 kg ha” of 02-20-18  ------—--
2005 February  Corn + brachiaria 490 kg ha™' of 07-28-14 100 kg ha™ of urea
2005 September Beans 400 kg ha™' 0f 05-20-10 90 kg ha™ of urea
2005 December Cotton 500 kg ha' of 10-30-10 250 kg ha™' of 20-00-20
2006 October Soya beans 500 kg ha” of 02-20-18  ---------
2007 February  Corn + brachiaria 450 kg ha™' of 07-28-14 100 kg ha™ of urea
2007 October Soya beans 450 kg ha' of 02-20-18 -
2008 February  Corn + brachiaria 450 kg ha™' of 07-28-14 100 kg ha™ of urea
2008 September Beans 400 kg ha™! 0f 05-20-10 90 kg ha™ of urea
2008 December _ Cotton 500 kg ha' of 10-30-10 250 kg ha™' of 20-00-20
NTS' (sunflower/millet/soya beans/corn)
2002  August Millet e e
2002  October Soya beans 550 kg ha” of 02-20-18  ------—--
2003 February  Corn 450 kg ha™! of 07-28-14 100 kg ha™' of urea
2003 August Millet e e
2003  October Soya beans 550 kg ha” of 02-20-18  —=-------
2004 February  Corn 450 kg ha™! of 07-28-14 100 kg ha™' of urea
2004 August Millet e e
2004 October Soya beans 550 kg ha” of 02-20-18  —=-------
2005 February  Corn 450 kg ha™! of 07-28-14 100 kg ha™' of urea
2005 August Millet e e
2005 October Soya beans 550 kg ha” of 02-20-18  ---------
2006 February  Sunflower 300 kg ha of 02-20-20 100 kg ha™ of urea
2006 August Millet e e
2006 October Soya beans 500 kg ha” of 02-20-18  -=-------
2007 February  Corn 400 kg ha™' of 07-28-14 100 kg ha™* of urea
2007 August Millet e e
2007  October Soya beans 500 kg ha” of 02-20-18  -=----—--
2008 February  Sunflower 300 kg ha of 02-20-20 100 kg ha™ of urea
2008 August Millet e e
2008 October Soybean 500 kg ha! of 02-20-18  ---------

" For the NTS, in August of each year (2002-2008) millet was planted for fodder production and soya beans were
planted in October. Before 2002, off-season and millet crops were not planted and the system remained at rest
during May to September, during which plants of the grass family such as guinea grass and brachiaria grew
spontaneously. NTS = no-tillage system, CLIS = crop-livestock integration system.
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For soil sampling in March 2008, the NTS was cropped with sunflowers and the CLIS with corn and
brachiaria. A 600 m* section was marked in each system and four trenches were opened crosswise to crop
rows for soil sampling at depths of 0.0-10.0 cm, 10.0-20.0 cm, 20.0-30.0 cm, 30.0-40.0 cm, 40.0-50.0 cm,
50.0-60.0 cm, 60.0-80.0 cm and 80.0-100.0 cm. Three single samples in each trench were collected to form a
composite sample, totaling four replications in each land use system. After collection, the samples were
air-dried and sieved with a 2 mm mesh sieve to obtain air-dried ground soil (ADGS). At the same depths, soil
samples were collected to determine bulk density, using the volumetric ring method (Embrapa, 1997). The
values obtained were used to calculate the equivalent soil mass and analyze carbon and nitrogen stocks in the
soil profile.

The TOC and total nitrogen contents were determined by the dry combustion method in an AutoAnalyzer at
900°C (CHN-600 Carlo Erba EA-1110, Italy). TOC and nitrogen stocks were calculated using the equivalent
soil mass method (Ellert & Bettany, 1995; Sisti et al., 2004), as described below:

n

n-1 n
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i=1 i=1

i=1
>

where:

C, = total stock (Mg ha™);

ZIC = sum of nutrients from the most superficial to the deepest layer of the soil profile evaluated in a specific

experimental area (Mg ha™);

;Mn = sum of soil mass from the most superficial to the deepest layer of the soil profile investigated in a

specific experimental area (Mg ha™);

Z:‘M"‘ = sum of soil mass from the most superficial to the deepest layer of the soil profile sampled as a

reference treatment (Mg ha™');

M, =soil mass in the deepest layer of the soil profile assessed in a specific experimental area (Mg ha™);

Cr = nutrient level at the deepest layer of the soil profile studied in a specific experimental area (Mg nutrient.

Mg soil ™).

The results were analyzed for data normality and homogeneity by means of the Lilliefors and Cochran and
Bartlett tests. Later, a completely randomized design with three land use systems (NTS, CLIS and Cerrado)
and four replications, was analyzed. The land use systems were evaluated under the same climatic and
topographic soil conditions. The results were submitted to variance analysis with application of the F test. The
mean values, when significant, were compared with an LSD-student test, at 5% probability.

3. Results and Discussion
3.1 Distribution of TOC and Nitrogen Contents in the Soil Profile

In the Cerrado, NTS, and CLIS, the TOC and total nitrogen contents decreased proportionally to the increase
in the depth of the soil sample (Figures 2 and 3). This pattern results from the greater input of vegetable
residues on the top layer of the soil from rotated crops in the crop systems and from litter in the Cerrado. With
a greater deposition of vegetable material, the TOC and nitrogen contents were higher in the surface layers
(particularly in the 0.0-10.0 cm layer) in comparison to the deeper layers. These results are similar to those
reported by Jantalia et al. (2007); Siqueira et al. (2009) and Costa Junior et al. (2011a & 2011b) for the TOC
and nitrogen dynamics in the soil-plant-atmosphere system with different soil use systems in the Cerrado.
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Figure 2. Total organic carbon in soil for land use systems in Montividiu, Goias State, Brazil. (The error bars
indicate the standard error of the mean values for four repetitions). Mean values followed by the same letter do not
differ among the systems assessed for each depth, according to the LSD-student test at 5%. ns = not significant in

the F test 5%. NTS = no-tillage system; CLIS = crop-livestock integration system
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Figure 3. Total soil nitrogen for different land use systems in Montividiu, Goias State, Brazil. (The error bars
indicate the standard error of the mean values for four repetitions). Mean values followed by the same letter do
not differ among the systems assessed for each depth, according to the LSD-student test at 5%. ns = not
significant by the F test 5%. NTS = no-tillage system; CLIS = crop-livestock integration system

The highest TOC and nitrogen contents were found in the Cerrado, followed by the CLIS and the NTS, in the
0.0-10.0 cm layer. The TOC values were 40.54, 30.65 and 26.20 g kg™, in the Cerrado, CLIS and the NTS,
respectively (Figure 2). The nitrogen contents were 3.18, 1.85, and 1.65 g kg, in the Cerrado, CLIS, and NTS,
respectively (Figure 3). The high TOC (0.0-10.0 cm layer) and nitrogen contents in the Cerrado result from the
constant litter deposition in this area and the greater chemical and physical stability of this system, the original soil
condition. The leaf litter deposited in the Cerrado is the most expressive compartment of carbon and nitrogen input
when compared with the other soil use systems.

For layer depths between 10.0-20.0 cm and 20.0-30.0 cm, the CLIS had higher TOC contents with no differences
between the values of the NTS and Cerrado. Layers 30.0-40.0 cm, 40.0-50.0 cm, and 50.0-60.0 cm did not present
differences in the systems assessed and the layers below 60.0 cm in the Cerrado had the greatest TOC contents,
with no difference between the NTS and the CLIS (Figure 2).

Among the crop systems, greater TOC (0.0-30.0 cm) and nitrogen (0.0-10.0 cm) contents were observed in the
CLIS, relative to the NTS. This may be attributed to the use of brachiaria together with off-season corn which
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produces a greater amount of straw, and, therefore, favors the accumulation of carbon and nitrogen due to the soil
exploitation by the root system. The use of two leguminosae (soya beans and beans) in the CLIS and only soya
beans in the NTS is another factor (Table 1).

It is important to point out that increases in the nitrogen content, by either biological fixation (leguminosae) or
nitrogen fertilization, favor the accumulation of carbon in the soil (Bayer & Mielniczuk, 1997; Urquiaga et al.,
2005). According to Pillon et al. (2004), the incorporation of vegetable material through the roots at greater depths
of the soil profile is an important strategy for improving the quality of the surface soil and for the accumulation of
carbon in the soil. Nitrogen certainly exerts a key role in carbon accumulation, as the TOC does not increase when
the nitrogen content is a limiting factor of the biological activity (Urquiaga et al., 2005). This close relationship
between the carbon and nitrogen contents was observed in different locations in Brazil for grain crops, Cerrado,
and native forest conditions, in soil layers up to 100 cm deep (Sisti et al., 2004). This corroborates the results found
in this study.

At the other depths (30.0-40.0 cm, 40.0-50.0 cm and 50.0-60.0 cm), the similarity between the TOC contents
(absence of differences between the systems) indicates that the crops grown in the NTS and the CLIS for 17 years
had the same TOC contents as the original system (Cerrado). However, in layers 60.0-80.0 cm and 80.0-100.0 cm,
the crop systems had not recovered the original Cerrado contents — their TOC values were lower than those of the
Cerrado.

The nitrogen content of the Cerrado was higher in all layers, with the exception of layers 40.0-50.0 cm and
80.0-100.0 cm, which did not differ from each other. Among the crop systems, the CLIS had the greatest values
only in the 0.0-10.0-cm layer, with no differences for the other studied layers up to 100.0 cm (Figure 3). The
nitrogen values in the CLIS ranged from 1.85 to 0.54 g kg™, while in the NTS the contents ranged from 1.65 to 0.60
g kg'. The differences found in the nitrogen contents of the surface soil layer in the crop systems are related to the
mineral fertilization used and the use of two leguminosae (soya beans and beans) in the CLIS and soya beans only
in the NTS (Table 1).

3.2 Distribution of Carbon and Nitrogen Stocks in the Soil Profile

The greatest TOC stocks were found in layers 0.0-10.0 cm, 60.0-80.0 cm and 80.0-100.0 cm in the Cerrado (Table
2). This pattern for the 0.0-10.0 cm layer is related to the large deposition of organic matter, which is greater in this
area due to the input of vegetable residues (litter) and the absence of anthropic influence. The greater stocks of
TOC at deep layers indicate that the original TOC contents of the soil have still not recovered after the removal of
the Cerrado for the implementation of the NTS.

Table 2. Total organic carbon stocks (Mg ha™) in soil for land use systems in Montividiu, Goias State, Brazil

Soil use systems Soil Layers (cm)

Cerrado 31.06a 20.39c¢ 19.58b 18.44a 18.30" 17.57a 37.09a 29.79a
CLIS 2627b 2625a 22.84a 19.59a 19.26" 16.74a 29.50b 2521b
NTS 2231c¢ 2244b 18.14b 18.62a 18.56™ 16.73a 31.32b 26.46b

Sum of Soil Layer Values (cm)
0-20 0-40 0-60 0-100

Cerrado 5145a 89.47b 12534 b 19222 a
CLIS 52.52a 94.95 a 13095 a 185.66 b
NTS 44.75b 8l.51¢ 116.80 c 174.58 ¢

Means followed by the same letter in the columns do not differ among systems assessed by the LSD-Student test
at 5%. ns = not significant by the F test 5%. NTS = no-tillage system; CLIS = crop-livestock integration system

Among the crop systems, the greatest TOC stocks were found in the 0.0-10.0 cm, 10.0-20.0 cm and 20.0-30.0 cm
layers of the CLIS. No difference was observed between the systems in layers 30.0-40.0 cm, 40.0-50.0 cm and
50.0-60.0 cm. The other layers did not differ between crop systems (Table 2).

The nitrogen stocks had greater values in all layers of the Cerrado studied. In the cultivated systems, the greatest
nitrogen stocks were found in layers 0.0-10.0 cm and 10.0-20.0 cm, with no differences between layers 20.0-30.0
cm, 30.0-40.0 cm and 80.0-100.0 cm. In the other layers (40.0-50.0 cm, 50.0-60.0 cm and 60.0-80.0 cm), the NTS
had the greatest nitrogen stocks (Table 3).
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Table 3. Total nitrogen stocks (Mg ha™) in soil for land use systems in Montividiu, Goiés State, Brazil

Soil use systems Soil Layers (cm)
Cerrado 283a 1.89a 184a 164a 124a 1.08a 208a 1.65a
CLIS 1.65b 146b 128b 1.09b 090c 0.73¢ 148c 1.33b
NTS 147c¢ 129c¢ 128b 1.13b 1.00b 091b 1.64b 1.48Db
Sum of Soil Layer Values (cm)

0-20 0-40 0-60 0-100
Cerrado 472 a 820a 10.52 a 14.25a
CLIS 3.11b 548D 7.11b 9.92b
NTS 2.76 ¢ 5.17¢ 7.08 b 10.02 b

Mean values followed by the same letter in the columns do not differ among the systems assessed by the
LSD-Student test at 5%. ns = not significant by the F test 5%. NTS = no-tillage system; CLIS = Crop-livestock
integration system.

The greatest TOC and nitrogen stocks in the CLIS may be attributed to the use of brachiaria which provides
slower degrading crop residues, and, therefore, favors the accumulation of carbon due to its greater C/N ratio, in
addition to the effect under the surface of the root system’s expansion and renewal, which adds carbon and
nitrogen to the soil profile. These carbon and nitrogen contents are physically protected inside aggregates that are
highly stable in water due to iron and aluminum oxides (Bayer et al., 2000) which form highly stable aggregates
(Loss et al., 2011) with carbon and nitrogen occluded on the inside (Beare et al., 1994; Roscoe et al., 2001). The
use of brachiaria to intensify the production of straw in the dry season, associated with grazing of 2 animals/ha,
probably led to a better mass ratio between the roots and the exposed parts in the CLIS, in comparison to the NTS,
and, in turn, to an increase in the TOC and nitrogen contents. These results corroborate those found by Dieckow et
al. (2005) for TOC and nitrogen stocks in NTS for a period of 17 years in southern Brazil.

The beneficial effect of the CLIS with adequate grazing intensity, results from the better mass ratio between the
roots and exposed parts, which accumulates over time due to the minimal agitation of the soil, and, therefore, little
mechanical incorporation of vegetable residues and reduced oxidation. Thus, carbon and nitrogen accumulate on
the surface and at depth, the increase in the carbon and nitrogen stocks in the CLIS being related to the
transportation of vegetable residues from the surface of the soil by the macro and mesofauna which are greater in
integrated systems in relation to single systems (Anghinoni et al., 2011).

The NTS areas have been cultivated for an average of 17 years and are considered to be in the phase of soil system
evolution, with the NTS cultivation time as the consolidation phase (10 to 20 years of NTS use) according to
(Anghinoni, 2007). In this phase, straw and SOM accumulate, the cation-exchange capacity of the soil increases,
more water is stored, and nutrients are recycled. The CLIS had higher values of TOC and nitrogen than the NTS in
the surface layers (up to 30.0 cm for TOC and 20.0 cm for nitrogen) as well as for the sum of the layers (up to 100
cm for TOC and 40.0 ¢cm for nitrogen). This result indicates the efficient accumulation of TOC and nitrogen stocks
in the CLIS which is more efficient than crop rotation with brachiaria absent.

In cultivated systems, the absence of soil agitation, crop rotation and the permanence of crop residues on the soil
surface, favors aggregation and affords greater protection to the organic matter (Salton et al., 2008), and,
consequently, an increase in the TOC and nitrogen stocks.

For nitrogen stocks, only the 40.0-50.0 cm, 50.0-60.0 cm and 60.0-80.0 cm layers in the NTS had greater stocks
than the CLIS. The crop systems produce annual crops and one off-season crop, while off-season crops in the NTS
have been used only in the last five years. Before that, after the corn crop, the system was left to rest and taken over
by invading crops such as guinea grass and brachiaria. Pearl millet also has an effect, as it is sown in August so
that soya beans can be sown in October (Table 1). The death of the roots of these graminaceae that have deep root
systems, adds nitrogen to the soil, resulting in greater nitrogen stocks in the NTS layers mentioned above in
comparison to the CLIS.

The TOC and nitrogen stock values found in layers 0.0-40.0 cm (94.95 and 81.51 Mg ha™ for TOC, and 5.48 and
5.17 Mg ha™ for nitrogen) for CLIS and NTS, respectively; and in the 0.0-100.0 cm layer (185.66 and 174.58 Mg
ha' for TOC, and 9.92 and 10.02 Mg ha™) for CLIS and NTS, respectively; are greater than those found by Jantalia
et al. (2007), with the exception of the TOC stock in the NTS at 0.0-40.0 cm. The authors evaluated the dynamics
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of the TOC and nitrogen stocks in an Oxisol (Latossolo Vermelho) in Planaltina in Brazil’s Federal District (also in a
Cerrado and NTS environment), with the following crop rotations: corn, soya beans, pearl millet (NTS1) and the
same previous rotation, but associated with Andropogon gayanus grass (NTS2). The TOC stock values found by
Jantalia et al. (2007) were 84 Mg ha™ for NTS1 and NTS2 at 0.0-40.0 cm depth, and 139 and 143 Mg ha™' for NTS1
and NTS2 at 0.0-100.0 cm depth. For the nitrogen stocks, values of 4.9 and 5.1 Mg ha™ at 0.0-40.0 cm depth, for
NTS1 and NTS2 were found; and 8.2 and 8.5 Mg ha™ for NTS1 and NTS2 at 0.0-100.0 cm depth.

The results found followed the pattern observed by Jantalia et al. (2007). The authors observed greater TOC and
nitrogen stocks in the NTS with Andropogon gayanus grass as a cover plant together with crop rotation, being
similar in the CLIS with brachiaria and off-season corn.

The TOC stock values for layers 0.0-40.0 cm and 0.0-60.0 cm were compared. The CLIS presented greater TOC
stocks than the Cerrado, and in the 0.0-100.0 cm layer, the opposite pattern was observed (Table 2). These results
also show the importance of the study of the TOC stocks up to a depth of 100.0 cm, considering that the layers must
have regular thickness intervals (like 10 cm), so that the effect of the crop systems can be observed for the sum of
the layers. In this study, the CLIS had greater TOC stocks than the original soil condition (Cerrado) at depths up to
60.0 cm. If the study had presented the sum of the layers up to 100.0 cm deep alone (0.0-100.0 cm), the effect of the
CLIS would have been weakened at deeper layers when compared to the Cerrado.

Among the crop systems, the greatest TOC stocks in the CLIS may result from the use of crop rotation. This may
have a positive effect in the nitrogen equilibrium (soya beans, beans, and chemical fertilization), which, in turn, is
related to the carbon input, allowing the joint incorporation of these elements for the SOM (Sisti et al., 2004;
Urguiaga et al., 2005; Jantalia et al., 2007). This pattern was observed in the present study, with greater nitrogen
stocks in layers 0.0-20.0 cm and 0.0-40.0 cm for the CLIS (Table 3) in association with greater TOC stocks in these
layers (Table 2). These results indicate that the content of organic nitrogen in soil cannot be increased without there
being a corresponding increase in the TOC content, and vice-versa, as reported by Urguiaga et al. (2005) in a study
on agricultural systems for carbon sequestration in tropical and subtropical environments.

The association of the CLIS and NTS with moderate grazing combines the absence of soil rotation and high
vegetable residue input from the use of crops and pastures (Anghinoni et al., 2011; Loss et al., 2011). This pattern
also supports the greater TOC (0.0 to 30.0 cm, Table 2) and nitrogen (0.0 to 20.0 cm, Table 3) stocks found in the
CLIS in relation to the area with no pasture (NTS). After 17 years of use of the soil with a conservationist system,
using only the NTS from 1991 to 1999 and a CLIS from 1999 to 2008 (Figure 1), the TOC stocks had recovered
(resilience), reaching the same values in the NTS, CLIS and Cerrado, at depths of 30.0-40.0 cm, 40.0-50.0 cm, and
50.0-60.0 cm, and greater values in the CLIS for depths of 10.0-20.0 cm and 20.0-30.0cm (Table 2).

The results observed in the present study are similar to those from some studies in Brazilian tropical and
subtropical conditions with the increasing use of grass mulching for the formation of soil coverage, resulting in
differentiated input of crop residues in relation to pure systems of grain production, both at the surface and in the
soil profile (Souza et al., 2009, 2010; Loss et al., 2011).

As such, it is possible to conclude that CLIS management over time and under the no-till system in conditions of
moderate grazing (2 animals per hectare), promotes lower outputs of carbon and nitrogen from microbial
respiration (Souza et al., 2010) and grazing. As a consequence, the stocks of these elements in soil tend to be
greater, as shown in Tables 2 and 3.

4. Conclusions

The use of the CLIS with corntbrachiaria/beans/cotton/soya beans under moderate grazing (2 animals/ha)
increased the stocks of TOC (0.0-30.0 cm and for the sum of the layers up to a depth of 100.0 cm) and of nitrogen
(0.0-20.0 cm and for the sum of the layers up to a depth of 40.0 cm) when compared to the NTS with
sunflower/pearl millet/soya beans/corn. The CLIS is more efficient in TOC stock accumulation than the Cerrado
for layers 10.0-20.0 cm and 20.0-40.0 cm and for the sum of the layers 0.0-40.0 cm and 0.0-60.0 cm.
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