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Abstract: Soil organic matter affects physical, chemical and biological conditions, and has been used as a soil quality index to 

differentiate the effects of different land uses and management practices. The objective of this study was to evaluate soil stocks of 

C and N under different land uses (conventional-tillage cropping, integrated crop-livestock system, and permanent pasture). The 

study area was located at the Institute of Animal Science in the municipality of Nova Odessa, São Paulo State (Brazil), with soil 

classified as Typic Acrudox with medium texture. Land use systems were: (1) integrated crop-livestock with maize and Urochloa 

brizantha cv. Marandu; (2) integrated crop-livestock with maize and U. ruziziensis; (3) integrated crop-livestock with maize and 

U. brizantha cv. Piatã; (4) long-term (25-yr-old) pasture with U. brizantha; and (5) conventional-tillage cropping with– maize 

only. The results showed that (to the layer 0-40 cm depth) the integrated crop-livestock systems (ICLS) had greater soil organic C 

(52.4 Mg ha
-1

) and N (4.3 Mg ha
-1

) than cropping (46.5 Mg C ha
-1

 and 4.0 Mg N ha
-1

) only or pasture only (47.6 Mg C ha
-1

 and 3.9 

Mg N ha
-1

). The rotation with U. brizantha cv. Piatã had lower soil organic C (48.5 Mg ha
-1

) and N (3.9 Mg ha
-1

) than with U. 

brizantha cv. Marandu (56.2 Mg C ha
-1

 and 4.5 Mg N ha
-1

) and U. ruziziensis (56.6 Mg C ha
-1

 and 4.6 Mg N ha
-1

). These results 

suggest that integrated crop-livestock systems can be used to improve soil organic matter, and may have additional benefits in 

sustaining agricultural production in areas experiencing degradation from continuously grazed pastures. 
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1. Introduction

Soil organic matter (SOM) is recognized as an important 

characteristic of sustainable agricultural systems in the tropics 

and temperate regions [1]. It is considered an integrated 

characteristic of physical, chemical and biological soil 

conditions [2] and has been used as a soil quality index in 

different land uses and management practices [3]. 

Carbon and nitrogen are the main constituents of SOM with 

stocks varying, depending on land use and management 

practices. Crop residues and animal manure additions often 

promote SOM accumulation while erosion and soil 

disturbance cause SOM decline [4]. 

Conventional farming systems with intensive soil tillage 

often result in a decrease in C and N stocks compared with 

conservation agricultural systems using reduced and no-tillage 

[5, 6]. In tropical regions, SOM mineralization is accelerated 

due to high temperature; in top soils, >50% reduction in C 

stock has occurred with ~10 years of cultivation [7]. 

Pasture degradation has occurred in the tropics due to 

continuous grazing of large areas without sufficient regard to 

forage management [8]. Environmental, social, and financial 

imbalances have occurred, requiring producers to become 

more efficient. A system of intercropping grain crops with 

forages can provide enough forage in the dry season to 

maintain nutritional quality of livestock and even promote 
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weight gain [9, 10]. Such a system can cover soil in winter and 

spring to control erosion and provide sufficient residue for 

effective conservation-tillage cropping of grain crops [11]. 

Therefore, an integrated crop-livestock system (ICLS) that 

includes a crop phase and a pasture phase in rotation has 

strong potential for sustainable beef and grain crop production 

[12, 13]. 

Use of no-tillage mulching in an ICLS has shown 

improvements in soil aggregation and aggregate stability [14, 

15], water infiltration [16], and efficacious erosion control 

[17]. As well, soil organic C can accumulate due to crop 

residues deposited on the soil surface and deep and dense root 

system development of forages [18]. 

Perennial pastures can contribute to soil C sequestration 

[19]. Several studies have shown significant soil organic C 

accumulation with well-managed grazing of pastures [13, 19, 

20, 21, 22].However, there are few studies that compare the 

efficiency of different grasses to maintain productivity and 

promote an increase in soil organic C concentration and 

stocks. 

We hypothesized that an ICLS with maize cultivated under 

no-tillage in rotation with grazed pasture would result in 

accumulation of soil organic C and N compared with 

continuously grazed, degraded pasture or with conventionally 

tilled monoculture production of maize. 

Our objective was to evaluate the stocks of soil organic C 

and N under alternative land uses from the prevailing 

degraded pasture condition in São Paulo State of Brazil. 

2. Material and Methods 

2.1. Description of Study Area 

The study was located at the Institute of Animal Science 

(22º 46' 28.8” S, 47º 17' 38,2” W) in the municipality of Nova 

Odessa, São Paulo State (Brazil) owned by Agencia Paulista 

de Tecnologia do Agronegocio (APTA), an organization 

supported by the Secretary of Agriculture and Supply in the 

State of São Paulo. The climate is mesothermal humid 

(Köppen - Cwa) with a subtropical wet winter of rain mainly 

from October to April and a dry season from May to 

September (Figure 1).  

 

Figure 1. Long-term monthly means of temperature (bars) and precipitation 

(line + symbol) at the Institute of Animal Science in the municipality of Nova 

Odessa (São Paulo State, Brazil). 

Long-term mean annual precipitation is 1280 mm yr
-1

 and 

annual temperature is 21.7 ºC. Soil was classified as a Typic 

Acrudox [23], composed of 55% sand, 16% silt, and 29% clay. 

Native vegetation of the area was woodland Atlantic Forest 

biome. 

A continuously grazed pasture area cultivated with 

Urochloa brizantha cv. Marandu was selected as the base 

condition for this study. The pasture had low productivity and 

high degradation from the original condition [24]. In August 

2003 initial management upon conversion of a portion of the 

land area to ICLS consisted of surface application of 1.2 Mg 

ha
-1

 of lime. In November 2004, the first planting of maize 

(Zea mays L.) was made with no-tillage in a mulch of grassy 

residues, using a chisel plow with cutting discs and winged 

tips. Maize was fertilized with 350 kg ha
-1

 of 8-26-16 (NPK) 

applied in the groove at planting and 360 kg ha
-1

 of 5-20-20 

(NPK) as top dressing with mechanical incorporation to the 

soil using with a trencher at 5 cm depth. The top-dressing 

fertilizer was mixed with 10 kg ha
-1

 grass seed with viability 

of 60%.  

2.2. Treatments and Experimental Design 

Three grasses were tested: (i) U. brizantha (Hochst. ex A. 

Rich.) Webster cv. Marandu (ICLS-Ub-Mar), (ii) U. brizantha 

cv. Piatã (ICLS-Ub-Pia), and (iii) U. ruziziensis Germain & 

Evrard (ICLS-Ur). The 2.5 ha of original pasture area was 

divided into three portions of ~0.8 ha each to test these 

systems. 

This study was for seven years with the same annual cycle 

repeated. In March 2009, maize was harvested and produced 

14.2 Mg ha
-1

 of dry matter. At harvest, undersown grass 

pasture was already established and available for animal 

grazing until the next rainy season of maize planting. Animal 

grazing (from March to November 2009) was with average 

stocking rate of 540 kg ha
-1

 live weight. 

As reference, two areas were considered: (i) grazed pasture 

throughout the year, located immediately adjacent to the ICLS 

evaluation, which was cultivated for 25 years with U. 

brizantha cv. Marandu by applying 50 kg N ha
-1

 (maintained 

as a reserve for the ICLS evaluation, such that animals grazed 

only periodically), with the stocking rate (3.44 animal unit 

ha-1, animal unit = 450 kg live weight), leading to a weight 

gain (863 kg ha
-1

, at 25 cm of pregrazing height) (long-term 

pasture; LT-Pasture) and, (ii) maize cut for silage by 

cultivating for 15 years with conventional tillage during the 

rainy season and fallow (spontaneous vegetation) during the 

dry season (CT-Maize). This reference area was ~50 m from 

the area in ICLS evaluation. 

The dry matter productivity of grasses evaluated in dry 

matter for the year 2009 in areas with ICLS were 9.0; 8.9 and 

7.9 Mg ha
-1

 yr
-1

, respectively for U. ruziziensis; U. brizantha 

var. Marandu and U. brizantha var. Piatã. Dry matter in the 

reference areas were 5.5 Mg ha
-1

 yr
-1

 for LT_Pasture and 7.2 

Mg ha
-1

 for CT-Maize. 

Thus, the evaluation was from three manipulative situations 

(ICLS with different grasses) and two references situations, 
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here called references (LT-Pasture and CT-Maize), which were 

unreplicated, but areas distributed in space. We assumed that 

the soil and environmental conditions were uniform in the 

sampled areas, and therefore chose to sample 

pseudo-replications from the large experimental units [25]. 

Three pseudo-replications were sampled within each ~0.8 ha 

of treatment area. 

2.3. Soil Analysis 

Soil in the experiment was sampled seven years after 

treatment initiation, in September 2010 at depths of 0-10, 10- 

20, 20-30 and 30-40 cm. Soil cores soil (five per 

pseudoreplication) were collected using a stainless steel 

cylinder (100 cm
3
) and diameter of 5 cm. Soil was air-dried 

and sieved through 2 mm). A portion of the sample was 

ground and sieved through 60 mesh sieves (0.250 mm) and 

sent to the Environmental Biogeochemistry laboratory 

(CENA-USP) to determine the total C and N concentration. 

The other samples were analyzed in the Department of Soils 

(ESALQ-USP). Chemical soil characterizations are shown in 

Table 1. Soil dry weight and water content were measured in 

the laboratory and soil bulk density was calculated [26]. Soil 

texture was determined with a hydrometer after dispersing 

with hexametaphosphate and digesting organic matter using 

H2O2. Soil pH was determined in KCl (1 mol L
-1

)  using a 

1:2.5 soil:solution ratio. Cation exchange capacity at pH 7.0, 

percent base saturation, and aluminum saturation were 

calculated by determining exchangeable cations, potential soil 

acidity, and aluminum, respectively. 

Table 1. Soil chemical characteristics (0-20 and 20- 40 cm) under different land use and management practices at the Institute of Animal Science in the 

municipality of Nova Odessa (Sao Paulo State, Brazil). 

Sites 
Depth pH KCl avail-P1 CEC2 BS3 Al4 

cm  mg kg-1 mmolc dm-3 –– % –– 

LT-Pasture 0 - 20 4.0 3.0 94.2 3.9 74.4 

 20 - 40 4.0 2.1 78.8 3.6 79.3 

CT-Maize 0 - 20 5.1 12.1 58.0 38.4 11.9 

 20 - 40 4.2 6.6 44.6 20.4 33.1 

ICLS 0 - 20 5.0 13.3 63.8 38.6 6.8 

 20 - 40 4.6 8.1 51.2 25.8 26.0 

1avail-P = available phosphorus; 2CEC = cation exchange capacity; 3BS = base saturation; 4Al = aluminum saturation. 

Total C and N concentrations were determined by dry 

combustion using a LECO CN-2000 elemental analyzer. Soil 

C and N stocks were calculated from C and N concentrations 

and bulk density (Equation 1) [27]. 

S =δ.h.T                     (1) 

Where: S is the C or N stock in soil (Mg ha
-1

); δ is the soil 

bulk density (g cm
-3

); h is the soil sampled depth (cm); and T 

is the total C or N concentration (g kg
-1

). 

Since the samples were collected from fixed layers, 

calculation of inventory was adjusted to variations in soil bulk 

density following changes in management practices. 

Methodology described by [28, 29] was used to adjust C and 

N stocks to a soil mass equivalent (Equation 2 – from Sisti et 

al. [36]). 

Sc = Σn-iS + {[Mai - (ΣnMa - ΣnMr)] . Ti}      (2) 

Where: Sc is the C or N stock corrected for soil mass (Mg 

ha-1), Σn-iS is the sum of stocks of layers without the deepest 

layer; Mai, is soil mass in the deepest layer; ΣnMa is the sum 

of soil masses sampled; ΣnMr is the sum of soil mass in the 

reference area, and Ti is the C or N concentration in the 

deepest layer sampled. 

After correcting soil C and N stocks, we determined the 

estimated annual change in soil C and N storage (Equation 3): 

∆C = (Ct – Cr) / t                  (3) 

Where: ∆C is the change in soil C or N stock (Mg ha
-1

 yr
-1

), 

Ct is the C or N stock in the treatment area (Mg ha
-1

), Cr is the 

C or N stock in the reference area (baseline) (Mg ha
-1

), and t is 

time elapsed since the study was initiated (7 years). 

2.4. Statistical Analysis 

Analysis of variance (Kruskal-Wallis) was used to detect 

significant differences among treatments. Means were 

statistically separated using the Student Newman-Keuls test (p 

< 0.05). Analyses were performed using SAS (2010). 

3. Results and Discussion 

Soil bulk density generally increased with depth due to 

overburden from the upper layers that promoted natural 

compression. Siqueira et al [30] also found greater soil bulk 

density in subsurface layers under different land uses in the 

Cerrado. This is a natural phenomenon in Oxisols of the 

region. Greater bulk density by soil compression reflects 

greater resistance to root penetration, water infiltration, and 

gas exchange [31]. 
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Table 2. Soil bulk density (Mg m-3) under different land use and management practices under long-term pasture (LT-pasture), conventionally tilled maize silage 

(CT-maize), integrated crop-livestock systems with maize and Urochloa brizantha cv. Marandu (ICLS-Ub-Mar), with U. ruziziensis (ICLS-Ur), and with U. 

brizantha cv. Piatã (ICLS-Ub-Pia) at the Institute of Animal Science in the municipality of Nova Odessa (Sao Paulo State, Brazil). 

Depth 
LT-pasture CT-maize ICLS-Ub-Mar ICLS-Ur ICLS-Ub-Pia 

Mg m-3 

0 – 10 cm 1.26 c 1.42 b 1.52 a 1.56 a 1.59 a 

10 – 20 cm 1.29 c 1.57 a 1.49 b 1.57 a 1.56 a 

20 – 30 cm 1.29 c 1.51 b 1.55 ab 1.56 a 1.59 a 

30 – 40 cm 1.24 d 1.45 c 1.56 b 1.64 a 1.67 a 

Means (n=3) followed by different letters in the same line differ significantly at p < 0.05. 

At all soil depths, the lowest bulk density was in the 

reference area of long-term pasture (Table 2). At 0-10 cm, soil 

bulk density was greater under ICLS (1.52-1.59 Mg m
-3

) than 

under maize silage (1.42 Mg m
-3

) and long-term pasture (1.26 

Mg m-3). At lower depths, bulk density was generally 

equivalent between ICLS and maize silage (1.45-1.67 Mg m
-3

), 

both of which were greater than under long-term pasture 

(1.24-1.29 Mg m
-3

). Long-term pasture had low animal 

trampling recently, due to being managed differently of late as 

a holding area for cattle grazing the ICLS treatments. 

Machinery traffic in ICLS and maize silage treatments may 

have contributed to compaction not experienced in long-term 

pasture. Inversion tillage operations in maize silage 

production would have alternately loosened soil immediately, 

but also led to some compaction with the exposure of 

uncovered soil surface to machinery traffic. 

All treatments under ICLS had high soil bulk density, 

indicating some degree of soil compaction (Table 2). The 

values would have likely caused some limitations to root 

development and plant biomass production. Although surface 

soil under ICLS receives high levels of grass residues that can 

buffer against animal trampling effects on surface soil 

compaction [32], these results suggest that it may not have 

been enough to prevent compaction under ICLS in this study 

in soil composed of 55% sand, 16% silt, and 29% clay. Pasture 

land degradation occurs with low plant biomass production 

and nutrient stock depletion, both of which can lead to surface 

compaction due to animal trampling [33]. Under 3- to 

20-yr-old pastures in an Oxisol from Rondônia State in 

northern Brazil, soil bulk density was lower than in this study 

(1.30-1.59 Mg m
-3

) [29]. Soil bulk density between 1.1 and 1.5 

Mg m
-3

 are considered normal for soils with medium texture 

[34]. 

Some soil tillage disturbance was found to significantly 

increase maize biomass production at this location (Colet et al., 

[35]). This result may have been due to the degraded condition 

of soil derived from years of continuous overgrazing. 

According to [34], high soil bulk density between 1.27 and 

1.57 Mg m
-3

 in sandy and clay soils, respectively, can be a 

limiting factor to root growth and water infiltration. 

Soil C and N concentrations were greatest near the surface 

(Figure 2a, b). In the surface layer (0-10 cm), C concentration 

ranged between 14.9 and 16.8 g kg
-1

 for ICLS-Ub-Pia and 

ICLS-Ub-Mar, respectively; while N concentration ranged 

between 1.2 and 1.4 g kg
-1

 for CT-maize and ICLS-Ub-Mar, 

respectively. Soil C and N concentrations were typical, i.e. 

higher concentrations at the surface and lower concentrations 

with increasing depth. With depth, soil C and N concentrations 

became more similar among treatments due to the decreasing 

influence of surface deposition of organic matter inputs. 

Surface soil C accumulation can occur due to deposition of 

leaves, stems and roots. Greater SOM at the surface was also 

found under B. decumbens Stapf [49], similar to that observed 

by [21] under Panicum maximum Jacq, U. brizantha, and 

Paspalum atratum Swallen. 

 

Figure 2. Carbon (a) and nitrogen (b) concentrations and C:N ratio (c) in 

different depths under long-term pasture (LT-pasture), conventionally tilled 

maize silage (CT-maize), integrated crop-livestock systems with maize and 

Urochloa brizantha cv. Marandu (ICLS-Ub-Mar), with U. ruziziensis 

(ICLS-Ur), and with U. brizantha cv. Piatã (ICLS-Ub-Pia) at the Institute of 

Animal Science in the municipality of Nova Odessa (São Paulo state, Brazil). 
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Several studies have shown that plant or crop residues 

maintained on the soil surface with reduced tillage systems 

promotes initially greater depth stratification of SOM content, 

represented by low C and N concentrations deeper into the soil 

profile [4, 30, 36]. The initial condition of soil physical and 

chemical limitations for cultivation resulted in low organic C 

contents. The amounts of N present in the soil were deficient 

and limited the addition of C in systems constituted mainly by 

grasses, and showed that the difference in soil C and N 

between ICLS and CT-maize was not so large in this soil. The 

C:N ratio of SOM was similar among depths sampled and 

values were similar to those recognized for stable SOM in the 

tropics. 

Most soil N is originally supplied by SOM, and the rates of 

this element range between 0.5 and 5 g kg
-1

[37].In good 

managing pasture areas the organic matter amount (SOM) and 

total soil N were superior to those found in native vegetation 

areas [21]. Changes in N stocks are driven mainly by the 

quantity and type of residue deposited in the soil [36]. 

Kitchel et al. [38] showed that management of pasture with 

N-fertilizer application (50 to 100 kg N ha
-1

 yr
-1

) provided 

increases in animal production but also in the following crops 

production in succession. In areas previously planted with 

fodder that received N-fertilizer increased yields of maize (in 

the Mato Grosso do Sul State have been observed, indicating 

the importance of this technology for forage production in 

autumn-winter season, and improving in the crop residue and 

grain production. Maize yields were higher when established 

on the fertilized pasture. It is noteworthy that the dry mass of 

crop residue on the soil surface and dry mass of roots to 60 cm 

depth were: 7.200 and 7.800 kg  ha
-1

, respectively, at 

unfertilized pasture, and 11.600 and 14.500 kg ha
-1

, 

respectively, in the pasture that received N-fertilizer, which 

provided better soil cover and resulted in greater nutrient 

cycling, favoring crops [39]. 

This gives a hint that the high C input from plant residues 

were being offset by additional N from somewhere in the 

system. Additional N could be due to fertilizer input in ICLS 

(although there is high N demand by maize that is 

subsequently exported in grain harvest), or due to biological N 

fixation by diazotrophic communities present in the 

rhizosphere of grasses or as endophytic mutualists [40]. 

Highest soil C stocks were obtained under ICLS-Ub-Mar 

and ICLS-Ur followed by ICLS-Ub-Pia, long-term pasture, 

and CT maize (Figure 3A).  

Table 3. Soil C stocks (Mg ha-1) to different land use and soil management in the Brazil. 

Site Soil classification‡ Soil C stocks (time) Reference 

Municipality (Brazilian State)  Pasture CT NT ICLS  

Campo Grande (MS) Typic Hapludox 53.5 (30) 46.3 (11) 47.4 (11) 50.5 (11) [13] 

Chupinguaia (RO) Rhodic Kandiudox 65.8 (11)  49.2 (2) 61.4 (5) [48] 

Chupinguaia (RO) Rhodic Kandiudox 61.2 (15)  53.4 (2) 50.1 (1) [48] 

Dourados (MS) Typic Hapludox 50.1 (9) 44.1 (38) 42.6 (9) 48.0 (9) [13] 

Itaubá (MT) Typic Hapludox 55.9 (22)  46.0 (17)  [50, 51] 

Itiquira (MT) Typic Hapludox 75.1 (17) 62.6 (15) 74.5 (17)  [50, 51] 

Maracajú (MS) Typic Hapludox 65.8 (33) 51.7 (11) 56.6 (11) 61.4 (11) [13] 

Montividiu (GO) Typic Hapludox 75.4 (21)  60.9 (21) 73.0 (8) [48] 

Morrinhos (MG) Typic Hapludox 40.7 (5) 34.1 (5) 40.2 (5)  [49] 

Planaltina (DF) Typic Acrustox 42.2 (15) 37.3 (15) 47.3 (15)  [52] 

Planaltina (DF) Typic Acrustox 52.9 (13) 53.3 (13) 56.0 (13) 52.2 (13) [53] 

Rio Verde (GO) Typic Hapludox 51.7 (17) 49.0 (26) 63.0 (12)  [54] 

Santa Carmen (MT) Typic Hapludox 54.3 (13)  56.4(13) 62.8 (4) [48] 

Santa Carmen (MT) Typic Hapludox 57.1 (10)   61.5 (4) [48] 

Sorriso (MT) Typic Hapludox 50.5 (20) 61.7 (2) 58.0 (20)  [50, 51] 

Mean ± S.D.†  56.8 ± 11.0 48.9 ± 12.0 53.7 ± 9.4 58.2 ± 8.4  

† S.D. = Standard deviation; ‡ Soil Survey Staff (1999). 

Similarly, soil N stock was greater in the ICLS-Ub-Mar and 

ICLS-Ur than other systems (Figure 3B). No differences 

occurred among ICLS-Ub-Pia and the two references areas. 

Annual plowing and harrowing of maize led to organic 

matter mineralization and, consequently, lowest soil C stock. 

The continuous soil disturbance in CT areas followed by the 

low quantity of crop residues incorporated resulted in lower 

levels of soil C and N. Moreover, the use of disk harrowing in 

soil preparation for planting in conventional tillage may be 

considered the most aggressive system for soils, with 

significant SOM losses [2].  

Several studies (Table 3) have compared the soil 

C-accumulation under different land use and management 

practices. The few studies with assessment of ICLS showed a 

tendency for greater soil C-sequestration. 

Conservation tillage systems, as zero-tillage, no-tillage or 

minimal tillage, with minimum soil disturbance, crop rotation 

and mulching with crop residues  also maintained a high level 

of SOM [26] and therefore improve soil quality [40]. The 

accumulation of SOM in no-tillage systems occurs slowly [2] 

so the comparisons between conventional and no-tillage 

systems do not usually show significant differences in the 

short term, owing to the high decomposition rates at high 

temperatures). 
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Figure 3. Soil C (a) and N (b) stocks in different depths under long-term 

pasture (LT-pasture), conventionally tilled maize silage (CT-maize), 

integrated crop-livestock systems with maize and Urochloa brizantha cv. 

Marandu (ICLS-Ub-Mar), with U. ruziziensis (ICLS-Ur), and with U. 

brizantha cv. Piatã (ICLS-Ub-Pia) at the Institute of Animal Science in the 

municipality of Nova Odessa (São Paulo State, Brazil). Means (n = 3) with 

different letters at a depth 0–40 cm differ significantly at p<0.05. 

Roesch et al. [41] attributed soil C accumulation under 

conservation tillage systems to two main factors: i) physical 

protection of organic compounds against microbial 

decomposition, favored by the C occlusion in soil aggregates; 

and ii) chemical protection of organic compounds through 

their interaction with minerals and cations hindering their 

decomposition. 

Zinn et al. [42] showed that C levels increased with greater 

clay content, as the colloidal fraction of the soil was able to 

form organo-mineral complexes with SOM. The colloidal 

fraction forms organic-mineral complexes with SOM, and is 

the main factor responsible for stabilizing C in soil [43]. 

About 60 to 95 % of SOM is bound to the mineral fraction of 

the soil (clay + silt) at all depths, regardless of the cultivation 

or crop rotation system. When inside aggregates, SOM 

remains protected and becomes more recalcitrant, forming 

dense organo-minerals complexes protected from 

decomposition agents [44], thus favoring SOM accumulation. 

Productive pastures can maintain soil C stock. Fisher et al. 

[45] estimated that the soil C stock after nine years with B. 

humidicola (Rendle) Schweick, was 2.6 Mg C ha
-1

 greater 

than native vegetation in Colombia. Silva et al. [21] found that 

degraded pastures diminished C soil. Well managed patures, 

have great ability to maintain and even increase the C content 

in the surface and subsurface layer with time [20 - 21]. 

Adoption of ICLS is a conservation management practice, 

that maintains the managed pasture benefits to SOM, but also 

adds income from cropping and winter grazing [46]. 

Using the reference areas (LT-Pasture and CT-Maize), we 

determined the impact of management practices on estimated 

soil C and N sequestration rates (Table 4). 

Table 4. Estimated rate of soil organic C and N sequestrations (Mg ha-1 yr-1) 

under different land use and management practices at the Institute of Animal 

Science in the municipality of Nova Odessa (São Paulo state, Brazil). 

Treatment 

Compared with 

LT-pasture 
Compared with CT-maize 

C N C N 

Mg ha-1 yr-1 

Depth 0-20 cm  

CT-maize -0.07 -0.01   

ICLS-Ub-Mar 0.58 0.05 0.65 0.07 

ICLS-Ur 0.37 0.05 0.44 0.07 

ICLS-Ub-Pia 0.04 -0.01 0.11 0.01 

Depth 0-40 cm  

CT-maize -0.15 0.01   

ICLS-Ub-Mar 1.23 0.07 1.38 0.07 

ICLS-Ur 0.71 0.08 0.86 0.09 

ICLS-Ub-Pia 0.12 -0.02 0.28 -0.03 

With LT-pasture as the reference, soil C accumulated with 

ICLS in both the surface layer (0-20 cm) and deeper (0-40 cm) 

due to ICLS conversion regardless of the grass used. 

CT-maize resulted in a loss of soil C stock. Soil C 

accumulation rates were within the range of 0.11 to 3.04 Mg 

ha
-1

 yr
-1

 as found previously [46]. Interesting to highlight was 

that soil N sequestration occurred in treatments with large soil 

C accumulation, but N was lost under ICLS-Ub-Pia, which 

was associated with low soil C sequestration. 

In the case of LT-pasture and the ICLS treatments after the 

corn harvest, total biomass productions of grasses were 

consumed by constant cattle interventions. Animals grazed 

ICLS pasture throughout the winter period when the grass was 

at least 25-30 cm tall, with rotations between treatments. Thus 

the remaining amount of organic material (dead dry matter) 

contribution to the soil C and N accumulation was estimated at 

21.4% of the amount produced per rated grass. 

Considering CT-maize as the reference condition, soil C 

sequestration rates of ICLS treatments increased slightly, while 

soil N sequestration rates were similar in magnitude as with 

LT-pasture as reference (Table 4). Significant soil C and N 

sequestration occurred with ICLS in both 0-20 cm and 20-40 cm 

depths. This indicates the potential of ICLS compared with the 

monocultures of maize under conventional tillage and continuous 

pasture without fertilizer and lime inputs to sequester soil organic 

C and N, a process favored by root and shoot biomass from 

Urochloa sp. deposited on and in soil. Besides being abundant 

and bulky, this biomass is continuously renewed. 

Important to note is that the maize crop in ICLS treatments, 

was harvested for silage, meanning, that total above-ground 

biomass was exported at harvest. Thus, we estimated that 

maximum above ground biomass of crop residues did not 

exceed 5% of the total quantity produced. Thus, for soil C and 

N formation, root biomass was the major contributor. 
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4. Conclusions 

Integrated crop-livestock systems have a great potential to 

increase SOM, represented in this study in the form of C and N 

stock accumulation. It was the combination of crops and 

pastures that improved soil organic C and N accumulation 

compared with continuation of long-term continuously grazed 

pasture or monoculture cultivation of maize alone. We found 

larger accumulation rates of soil organic C and N with U. 

brizantha cv. Marandu and U. ruziziensis than with U. 

brizantha cv. Piatã and with the reference conditions of 

long-term pasture or conventional tillage cultivation of maize. 
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