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ABSTRACT: The use of no-till conservationist agricultural systems as well as intercropping in the
Cerrado biome are practices that increase soil organic matter (SOM) due to the deposition of straw.
This study aimed to quantify the carbon stock and organic fractions of a latosol under off-season
monoculture (Sorghum bicolor and Urochloa ruziziensis) and intercropping (S. bicolor-U. ruziziensis)

systems, in Rio Verde, state of Goias, Brazil. Soil samples were collected from different layers: 0-10,

10-20 and 20-40 cm. The following variables were determined: organic carbon content, carbon Taeriéif;ézo

stock, dry matter and fractions of organic matter (labile and mineral). The results showed that the Accepted:

organic fractions of the soil are modified according to the adopted management. Intercropping of May 24, 2020

S. bicolor and U. ruziziensis increased the carbon stock, with the presence of more labile organic Section Editor:

fractions on the soil surface, while the use of U. ruziziensis enhances the production of recalcitrant Osvaldo Guedes Filho
organic fractions, promoting greater preservation of the soil organic matter. *Corresponding author:
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INTRODUCTION

Soils present stabilized organic carbon contents in natural ecosystems, which reflects the environmental conditions
determined by climate, vegetation, topography, and the soil characteristics. However, this state might be changed when the
soil is used for agricultural purposes (Braida and Reichert 2014). When the soil system loses carbon due to the reduction
of soil organic matter (SOM) contents, it generates a decrease in its quality (Lal 2015), interfering in its aggregation (Souza
et al. 2016; Fonte et al. 2014), porosity, bulk density (Rossetti and Centurion 2015) and microbial diversity (Moreira et al.
2016) and, consequently, in the carbon stock.

Soil use and management are responsible for the balance of carbon into the soil-atmosphere system. In agricultural
systems, carbon entry is influenced by soil preparation, type of crop, crop rotations and fertilization and management of
crop residues (Coser et al. 2016; Campos et al. 2011). Additionally, the accumulation of carbon in the soil is strongly related
to factors such as climate and soil types (Assad et al. 2013).

Therefore, both the choice of culture and the adopted management system are of great importance, especially in the
Cerrado biome, in which soils present low natural fertility. Sorghum bicolor is an alternative in succession to soybean
cultivation in oft-season in the state of Goias, Brazil (Silva et al. 2015; 2017). However, intercropping of S. bicolor and other
species has not yet being implemented, since intercropping with perennial forage grasses is far more common (Horvathy
Neto et al. 2014; Silva et al. 2014; Ribeiro et al. 2015).

Although studies have been focusing on this intercropping system, there is still a lack of reliable data. Sorghum bicolor
is already being used for grain production in the off-season, in which there is greater shortage of rain, being considered a
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culture that allows a good adaptation for succession (Ribeiro et al. 2015). In addition, S. bicolor requires less investment
when compared with corn (Landau and Martins Netto 2015), which is the predominant crop in the off-season in the region.

According to Silva et al. (2017), graniferous S. bicolor is one of the most important crops sown for the succession of soybeans
in the production of oft-season grains and forages, especially when intercropped with forage species. Nevertheless, there is
a need for more information in order to explore the productive potential of both species.

Intercropping with forages, such as Urochloa ruziziensis, allows the increase of biomass production (Horvathy Neto
et al. 2014; Silva et al. 2015), in addition to the large root supply, which contributes to water infiltration and the increase in
the levels of organic matter in the superficial layers of the soil (Loss et al. 2013).

The study of fractions of organic matter can be used to assess the dynamics of SOM (Rosset et al. 2016), providing
information on changes in soil quality in newly installed management systems. Labile fractions are generally due to freshly
decomposed organic matter, while recalcitrant fractions are derived from a more stabilized carbon management system,
especially from humic substances responsible for the stabilization of soil aggregates and subsequent physical protection of
carbon in the soil (Cambardella and Elliott 1992).

Rossi et al. (2012) detected a C stock in the soil up to 40 Mg-ha™ and 30 Mg-ha™ in an area cultivated with U. ruziziensis
and S. bicolor, respectively, in the 20-40 cm layer. By evaluating the labile fraction of SOM in the same areas, the authors
detected a positive effect of the introduction of Brachiaria spp. due to the greater annual addition and maintenance of plant
residues on the soil surface when compared with the management of S. bicolor, since the light fraction is directly related to
the material vegetable recently added to the soil.

When U. ruziziensis is intercropped with grains, soil gains tend to increase. Loss et al. (2013) detected a higher C stock
(10-13 Mg-ha') when compared with corn monoculture (9-11 Mg-ha!) in a 0-10 cm layer. In addition, according to the
authors the systems of integration with U. ruziziensis provide a more balanced distribution of the labile and mineral fractions
in soil layers when compared with monoculture systems.

This study aimed to quantify the carbon stock and organic fractions of a latosol under off-season monoculture (S. bicolor
and U. ruziziensis) and intercropping (S. bicolor-U. ruziziensis) systems, in Rio Verde, state of Goias, Brazil.

MATERIAL AND METHODS
Experimental area

The experiment was conducted under field conditions of Cerrado Biome (coordinates 17°46’°58.65” S, longitude
50°5813.08” W, altitude 783 m). According to the Koppen classification (Koppen and Geiger 1928), the climate of the region
is classified as Aw, with two well-defined seasons (dry winters and wet summers) (Fig. 1). The soil of the area is classified
as a dystrophic red latosol, with a clayey texture (Table 1).

The experiment started with the collection of soybean productivity data from the 2016/2017 harvest. The area has a
history of soybean cultivation from the cultivar NA 7337 RR, with a population of 340,000 seeds-ha in the harvest period
and corn in the off-season for a period of 6 years.

Treatments

The treatments consisted of areas with different histories of off-season agricultural cultivation: S. bicolor monoculture,
U. ruziziensis monoculture and S. bicolor-U. ruziziensis intercropping. The experiment was organized in a randomized block
design with four replications. The plots consisted of eight 9 m long lines, spaced at 45 cm from each other.

In the off-season (March 2017), the monoculture and agricultural intercropping systems of S. bicolor and U. ruziziensis
were installed, ending in August 2017, with S. bicolor harvest and U. ruziziensis desiccation. In October 2017, soybean ‘NA
7337 RR’ was planted for the 2017/2018 harvest, which was harvested in January 2018.
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Figure 1. Monthly variation of average air temperature and rainfall from March 2017 to March 2018, in Rio Verde, state of Goias, Brazil.

Table 1. Chemical characterization of the soil with off-season cultivation of Sorghum bicolor and Urochloa ruziziensis managed under
monoculture and intercropping systems.

Depth P S K Ca Mg Al CEC pH v oM
(em) - mg-dm?3-- e cmol -dm? ----- > = == Yo =----
0-20 213 13.8 477 22 10 0.0 52 13 73 45

20-40 13.0 9.3 36.0 12 0.6 0.2 47 - 5.8 3.21

* Chemical analysis before the installation of the experiments (January, 2017).

The hybrid Tagua was used to cultivate S. bicolor in the off-season using both monoculture and intercropping with
U. ruziziensis. A total of 170,000 seeds-ha™ was used. Urochloa ruziziensis cultivation was carried out together with the basic

top-dressing fertilization at a bulk density of 13 kg-ha™', VC 46%. For the basic fertilization, the equivalent to 170 kg-ha! of
P,O, and 200 and 150 kg-ha™! of N were used.

Soil sampling

Undisturbed soil samples were collected for analysis of soil bulk density and deformed samples for analysis of organic
carbon contents, texture and physical fractionation of organic matter. Samples were collected between the crop lines.

In each plot, a trench with dimensions of 0.4 m wide x 0.8 m long x 1.30 m high was opened and unformed soil samples
were taken in triplicate with the aid of 100 cm?® volumetric rings in the depths 0-10, 10-20 and 20-40 cm.

The deformed samples were collected with the aid of a Dutch auger at four different points in each plot at the same depths
mentioned above. The four simple samples were homogenized for composite sample composition, which were stored in plastic bags.

Soil analysis

Soil assessments were performed after the crop cycle, in February 2018, after soybean harvest.

The determination of the organic carbon contents of the soil was carried out according to the methodology proposed by
Sims and Haby (1971), based on the oxidation of the organic matter of the soil with potassium dichromate in a strongly acid
medium. The determination was performed in a spectrophotometer at 600 nm. The data were calculated using a standard
curve prepared with sucrose solution. The analysis of soil bulk density was carried out according to the methodology proposed
by Embrapa (1997), based on the collection of soil samples with undeformed structure through a steel ring (Kopecky) with
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sharp edges and an internal volume of 100 cm’. It is a simple analysis procedure that consists of obtaining the dry mass
value of the soil after being subjected to a temperature of 105 °C for 24 h.

The C stock values were corrected based on the equivalent mass of soil, according to Lee et al. (2009), in order to equalize the
differences in soil density of the management systems using carbon and soil density data from a reference area (native forest).

The method of physical fractionation of the SOM was carried out according to the methodology proposed by Cambardella
and Elliott (1992), in which the following fractions were obtained: carbon bonded to the mineral fraction of the soil (C-MIN)
and carbon of the labile fraction (C-LF). A total of 20 g of soil and 60 mL of sodium hexametaphosphate solution (5 g-L*)
were homogenized for 16 h on a horizontal shaker. After homogenization, the suspension was poured through a 53 um
sieve. The material retained in the sieve consisted of the labile fraction associated with sandy forms, and the sieved material
corresponded to the mineral fraction associated with silt and clay. The material retained in the sieve, after washing, was
transferred to petri dishes and dried in a forced air circulation oven at 50 °C until constant weight. Subsequently, the carbon
content of the samples was determined as previously described.

Dry matter analysis

The analysis of the content of dry matter was carried out at the end of the off-season crop cycle (September 2017) using
green mass delimited by a 1 m? wooden square, which was thrown randomly in each plot in triplicates. The canopy of plants
was cut at the base, leaving the vegetation 20 cm high. The green mass was dried at 60 °C in a forced air oven for 72 h, and
the weight was extrapolated to Mg-ha™.

Statistical analysis

The experimental design was carried out in randomized blocks (DBC) with four blocks. The statistical model for
data interpretation was divided into plots, with cultivation systems (S. bicolor, U. ruziziensis and S. bicolor-U. ruziziensis
intercropping) as the first factor and soil depths as the second factor (0-10, 10-20 and 20-40 cm), totaling 36 experimental
units. Analysis of variance (ANOVA) was performed and the Tukey’s test was applied at 5% probability level for comparison
of means, using Sisvar statistical software (Ferreira 2003).

RESULTS AND DISCUSSION

The production of dry matter in the area with U. ruziziensis monoculture was higher (p < 0.05) than the area with
S. bicolor-U. ruziziensis intercropping and S. bicolor monoculture, with values of 14.72, 10.48 and 6.37 Mg-ha", respectively
(Fig. 2). These values were higher than those found by Rossi et al. (2012), in a dystrophic red latosol in Montividiu, state of Goias,
Brazil, with values of 6.10 and 3.85 M-ha’!, respectively, for areas planted with U. ruziziensis and S. bicolor under monoculture
systems. However, they are similar to the values found by Kliemann et al. (2006) of 12 and 6 Mg-ha™! for areas under cultivation
of U. ruziziensis and S. bicolor, respectively, in Santo Antonio da Barra, state of Goias. Pittelkow et al. (2012) detected biomass
values of 10 and 6 Mg-ha™ for an area with U. ruziziensis and S. bicolor, respectively, in Sorriso, state of Mato Grosso.

U. ruziziensis straw presents a higher C/N ratio when compared with S. bicolor. Silva et al. (2017) found values of C/N
ratio in a S. bicolor-U. ruziziensis intercropping system ranging from 68 to 72, while the ratio was 62 for monoculture
S. bicolor. This indicates that higher C/N ratios of U. ruziziensis slow down the decomposition of organic matter, allowing
longer time in the soil, gradually releasing carbon and nutrients in the soil.

The carbon stock values ranged from 2.0 to 3.3 kg-m™? (20 to 33 Mg-ha") and are similar to the values found in studies
of carbon stocks in Cerrado soils (Rossi et al. 2012; Loss et al. 2013; Rossetti and Centurion 2015).

The carbon stock was higher (p < 0.05) in the system with S. bicolor-U. ruziziensis intercropping when compared with
the S. bicolor and U. ruziziensis monoculture systems, with values of 3.36, 2.79 and 2.74 Mg-kg!, respectively, in the 0-10 cm
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soil layer (Table 2). The same trend was observed for the carbon content in the soil, with values of 25, 21.8 and 21.1 g-kg™,
respectively (Table 2).

This effect can be attributed to the intercropping system, which provided a greater deposit of organic matter on the soil
surface resulting from the greater diversity of coverings. Campos et al. (2011) and Rossetti and Centurion (2015), when
evaluating agricultural intercropping systems between S. bicolor and U. ruziziensis, found similar results. The authors verified
an increase in carbon, mainly in the topsoil, with a tendency to decrease within soil depth.

According to Rossi et al. (2012), the carbon content in the soil decreases within soil depth in a no-tillage system due
to the residues that are deposited on the surface, not being incorporated as in the conventional system. Thus, this action
implies better carbon stability (Rosset et al. 2016).

The highest carbon stock in intercropping systems is enhanced when there is inclusion of U. ruziziensis. According to
Ribeiro et al. (2015), U. ruziziensis, which presents good adaptability, promotes a large amount of vegetable input on the
soil and in the Cerrado biome.

16
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Dry matter (Mg-ha?)
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Monoculture Monoculture S. bicolor-U.
S. bicolor U. ruziziensis ruziziensis
intercropping

Figure 2. Dry matter production in an area under monoculture systems and agricultural intercropping of Sorghum bicolor and Urochloa
ruziziensis in Rio Verde, state of Goias, Brazil. Averages followed by the same letter do not differ significantly from each other by the Tukey’s
test at 5% probability level.

Table 2. Average values of carbon stock (EstC), organic carbon (Corg), light fraction carbon (C-FL) and mineral fraction carbon (C-FM) in
the off-season, in Rio Verde-GO.

Cultivation system EstC Corg CFL CFM
Kg-m? - g-kgt -
0-10cm
Monoculture S. bicolor 2.74bA 2114 bA 2.34bA 10.87 bA
Monoculture U. ruziziensis 2.79bA 21.80 bA 726 aA 18.03 aA
S. bicolor-U. ruziziensis intercropping 3.36aA 25.26 aA 10.04 aA 10.03cA
10-20 cm
Monoculture S. bicolor 271aA 1762 aB 0.88 bA 10.67 bA
Monoculture U. ruziziensis 2.67 aA 1729 aB 6.22 aA 15.14 aAB
S. bicolor-U. ruziziensis intercropping 2.66 aB 1773 aB 5.99 aB 9.17 cAB
20-40 cm
Monoculture S. bicolor 216aB 13.88 bC 2.23bA 10.04 bA
Monoculture U. ruziziensis 2.40 aB 16.64 aB 6.05aA 12.46 aB
S. bicolor-U. ruziziensis intercropping 2.31aC 15.57 abB 411aB 5.94 cB

Averages followed by the same letter in the column do not significantly differ from each other by the Tukey’s test at 5% probability level. Lowercase letters compare
the effect the management systems in each soil depth and uppercase letters compare the effect of soil depth in each management.
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In this context, intercropping of U. ruziziensis and S. bicolor represents a second crop alternative, in succession to
soybeans, to maintain soil quality.

The soil with the presence of U. ruziziensis cultivated in isolation or in intercropping presented higher carbon
contents in the labile fraction (C-FL) when compared with monoculture S. bicolor in all soil depths (Table 2), in which
differences represented 3 and 4x more C-FL in the 0-10 cm layer, 7 and 6x in the 10-20 cm layer and 2 and 1x in the
20-40 cm layer, respectively for soil with U. ruziziensis in monoculture or intercropped when compared with monoculture of
S. bicolor. This effect can be attributed to the greater supply of dry material by U. ruziziensis (Table 2). This can be attributed to
the greater amount of U. ruziziensis straw, since the labile fraction is directly related to the plant material recently added
to the soil (Rossi et al. 2012; Bayer et al. 2004).

Similarly, Loss et al. (2013) observed a higher content of labile fraction of SOM in a no-till area in the Cerrado, with the
use of a greater number of crops in the management system (sunflower/millet/soybean and corn).

Another hypothesis is that the rapid development of U. ruziziensis roots promotes concentration of the labile fraction,
since this fraction is directly related to the plant material recently added to the soil or recently decomposed.

Rossi et al. (2012) found greater accumulation of C-LF in soil with U. ruziziensis cultivation when compared with S. bicolor,
with values ranging from 15-10 g-kg" and from 11-05 g-kg™, respectively. Those results are similar to the results found in
the present study, with 10-4, 7-6 and 2-08 g-kg™ for S. bicolor-U. ruziziensis intercropping, monoculture U. ruziziensis and
monoculture S. bicolor, respectively.

This variation might be an indication that this compartment can be used as an indicator of soil quality, mainly in the
evaluation of recent management systems, where the total organic carbon (TOC) contents of the soil are not of great magnitude.

The amount of carbon in the mineral fraction (C-FM) was higher in the soil under monoculture U. ruziziensis (up to
12 g-kg'), followed by monoculture S. bicolor (up to 10 g-kg™) and S. bicolor-U. ruziziensis intercropping (up to 5 g-kg™),
respectively (Table 2).

The SOM associated with minerals presents a considerably slower cycle in terms of formation and decomposition.
This suggests the potential of U. ruziziensis in promoting increased carbon in the soil, whether in the release of heavy
(C-FM) or labile (C-FL) fractions. According to Loss et al. (2013), the use of U. ruziziensis tends to provide a more balanced
distribution of very labile and recalcitrant carbon throughout the soil layers.

Rosset et al. (2016) concluded that the cultivation of crops in succession contributes to the increase of the more labile
fractions, but not to the increase of the more recalcitrant fractions of carbon. In addition, the same authors identified a
predominance of labile fractions of surface organic matter. This effect was also verified in the present study, with the labile
and mineral fractions presenting antagonistic behaviors within soil depths.

Despite the benefits presented to the soil, the off-season management systems did not show significant gains to the
following crop. The results of soybean productivity did not show significant difference (p < 0.05) with different histories
of oft-season cultivation systems (Fig. 3). Soybean remained in the field until the harvest with a short time of adoption
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Figure 3. Soybean productivity in the harvest before (February 2018) and after (January 2019) the installation of the second cycle of the

monoculture and intercropping systems using the Sorghum bicolor and Urochloa ruziziensis, in Rio Verde, state of Goias, Brazil. Means
followed by the same letter do not differ significantly by the Tukey’s test at 5% probability level.
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of the systems in the off-season. In addition, it was possible to observe that there was no chemical limitation of the soil
regarding production (Table 1).

Melotto et al. (2017) pointed out that soybean productivity was systematically higher in the intercropping system in the
off-season, suggesting a possible improvement in soil conditions, especially when U. ruziziensis is included.

CONCLUSION

The organic fractions of the soil were highly modified according to the adopted soil management. The use of S. bicolor-U. ruziziensis
intercropping system promoted more labile organic fractions on the soil surface, in addition to a greater carbon stock.

U. ruziziensis provided higher levels of dry matter in monoculture, in addition to enhancing the production of recalcitrant
organic fractions, promoting greater soil conservation.

Higher carbon stock and fractions of soil organic matter were found in the topsoil.
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