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ABSTRACT: Agroforestry systems have the potential to increase soil organic matter, 
with effects on soil carbon and nitrogen contents, but information on the application 
of these systems in semi-arid regions is still scarce. This study aimed to analyze soil 
carbon and nitrogen stocks in the conversion of native forest from the Caatinga Biome 
into integrated agriculture systems in the Brazilian semi-arid region. We evaluated the 
following management systems in the Haplic Inceptisol (Cambissolo Háplico eutrófico): 
(1) Intercropping area, cultivated with corn and Massai grass; (2) Caatinga (natural 
vegetation); (3) AFS10: agroforestry system with native woody forest rows occupying 
33 % and agriculture occupying 66 % of the total area; and (4) AFS20: agroforestry system 
presenting inverse proportions of AFS10. The agroforestry systems were intercropped 
with sorghum or millet, pigeon pea and Massai grass. We collected disturbed and 
undisturbed soil samples at the layers of 0.00-0.10; 0.10-0.20; 0.20-0.40, 0.40-0.60 and 
0.60-1.00 m for analysis of carbon (SOC), nitrogen (N), soil bulk density, and calculation 
of SOC and N stocks and C/N ratio, two years after the conversion of natural vegetation 
to the agricultural area (intercropping) and agroforestry system (AFS10 and AFS20). 
We applied principal component and cluster analysis to explore the data, and confidence 
interval to compare the means of accumulated SOC and N stocks up to 1 m soil depth. 
No differences exist for the properties analysed in superficial layers (0.00-0.10 and 
0.10-0.20 m), regardless of land-use systems. AFS20 increase the SOC content and, 
consequently, SOC stock, in subsurface layers; on the other hand, intercropping increases 
N content and N stock. AFS20 presented higher accumulated SOC stocks up to 1.00 m 
(114.97 Mg ha-1). Agroforestry systems management is an alternative for increasing 
carbon sequestration under the conversion from Caatinga to agricultural areas.

Keywords: soil quality, soil organic matter, climate change mitigations, integrated systems.

Division – Soil Processes and Properties  |  Commission – Soil Chemistry

https://orcid.org/0000-0001-9943-2898
https://orcid.org/0000-0002-1402-3612
https://orcid.org/0000-0002-7511-4956
https://orcid.org/0000-0003-3282-7363
https://orcid.org/0000-0001-9621-7690
https://orcid.org/0000-0002-4099-3575
https://orcid.org/0000-0003-4137-4298
https://orcid.org/0000-0002-2209-4285


Tonucci et al. Agroforestry system improves soil carbon and nitrogen stocks in depth...

2Rev Bras Cienc Solo 2023;47:e0220124

INTRODUCTION
Soil is the largest reservoir of carbon in the terrestrial biosphere and has the potential to 
mitigate the projected climate changes (Scharlemann et al., 2014). However, land-use 
changes from natural areas for agricultural purposes can significantly impact greenhouse 
gas emissions and reduce soil organic carbon (SOC) stocks (Santana et al., 2019). 
This situation can be more drastic in arid and semi-arid regions, where local climate 
conditions and the conversion to agriculture areas can increase SOC mineralization. Arid 
and semi-arid regions cover more than 30 % of the Earth’s surface, and it is essential to 
develop more sustainable agricultural management systems for these areas to ensure food 
security and maintain or increase SOC. In the Brazilian semi-arid region, the SOC can be 
reduced by 12 to 27 % due to inadequate management of pastures and edaphoclimatic 
conditions (Medeiros et al., 2020). Agroforestry system is a more sustainable land-use 
management and can be an option to improve SOC in pasture and agriculture areas, 
but information about its potential to increase SOC stocks in semi-arid environments is 
still underdeveloped (Sacramento et al., 2013). 

The Brazilian semi-arid region is characterized by the Caatinga vegetation, a natural 
vegetation composed of small trees, shrublands, and herbaceous plants. Caatinga 
soils have low SOC contents, and their agricultural productivity is intrinsically linked to 
efficient soil conservation measures (Schulz et al., 2016). Nevertheless, the agricultural 
activities in the Caatinga biome are characterized by cutting and burning natural 
vegetation, and overgrazing commonly occurs, decreasing nutrient cycling and soil 
fertility. For instance, degraded pastures in tropical regions led to SOC losses from 3 
to 9 % (Ogle et al., 2004; Maia et al., 2009). These conditions reduce the contribution 
of organic material to the soil and its capacity to provide nutrients to the pasture, 
increasing degradation and compaction processes (Araujo Filho, 2013; Schulz et al., 
2016). These management practices have been accelerating the degradation and 
desertification processes of the Caatinga biome (Sá and Angelotti, 2009). On the 
other hand, conservation management practices can increase organic matter inputs, 
and SOC and nitrogen contents (Wells et al., 2019), cooperating to mitigate climate 
change (Gao et al., 2017).

Agroforestry systems increase the biomass inputs to soil due to the spatial and 
temporal design of their diverse components (wooden, herbaceous, agricultural, 
and forage strata) in the same area. In addition, the high diversity of species and 
interactions between these components (Miccolis et al., 2019) maximize the land-use, 
simultaneously producing food, fodder and wood, and increasing the yield per area 
(Korwar et al., 2014). Then, agroforestry systems have the potential to increase 
the quantity and quality of organic matter, which is directly proportional to the 
availability of nutrients, maintenance of the microbiota and the physical soil properties  
(Oliveira et al., 2019).

Agroforestry systems create a microclimate that changes soil moisture and temperature, 
affecting agroecosystems carbon and nitrogen cycles. The mineralization of organic 
matter is directly linked to soil microorganisms that are very sensitive to moisture change. 
Modelling studies simulating intense drought and rain conditions have demonstrated 
higher sensitivity of microorganisms in dry periods than in rainy ones (Liang et al., 2021). 
The increase of SOC and N contents, and moisture, associated with a decrease in soil 
temperature, promotes a favorable environment for soil microorganisms development, 
which increases the mineralization rates of organic matter (Oliveira et al., 2014). These 
processes are important strategies for maintaining sustainable production systems in 
semi-arid regions. 

In this study, we hypothesize that the adoption of Agroforestry systems minimizes the 
impact of SOC loss after the land-use change from Caatinga to traditional agriculture 
systems, such as suppression with slashing and burning of the forest component. This 
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study aimed to i) analyze the SOC and N dynamics in different integrated agriculture 
management systems (Intercropping, Agroforestry systems) and Caatinga; and ii) compare 
the similarity of these systems in improving soil quality.

MATERIALS AND METHODS

Study area and management systems

The study was carried out in an agroforestry system in the municipality of Sobral, Ceará 
state (3° 44’ 53.642” S, 40° 21’ 46.231” W), Brazil. The region’s climate is hot and 
semi-arid (BSh) (Alvares et al., 2013), with a mean annual temperature between 26-28 °C 
and precipitation of 821.6 mm. The soil in the study area is classified as Haplic Inceptisol 
(Cambissolo Háplico eutrófico) with a medium texture. In this study, we analyzed the 
following management systems:

Native vegetation (Caatinga): Area of native vegetation of the Caatinga biome, 
with the presence of hyperxerophilic shrub and arboreal species, characterized by 
smaller plants adapted to water scarcity. There is no history of cultivation or logging 
in the area since the 1980s, and it is occasionally used for moderate animal grazing. 
The most frequent forest species are: pau-branco (Auxemma oncocalyx), marmeleiro 
(Croton sonderianus), jurema-preta (Mimosa tenuiflora), sabiá (Mimosa caesalpiniifolia), 
juazeiro (Ziziphus joazeiro), umburana (Amburana cearenses) and catingueira  
(Caesalpinia pyramidalis).

Intercropping: This area was converted from Caatinga to an agriculture area 
between 2016 and 2017, with the exclusive aim of cultivating forage (corn or sorghum) 
intercropped with Massai grass, which was mechanically harvested. The materials 
resulting from the regrowth were not grazed, being left as a soil cover, and incorporated 
with a plow and harrow in the following year. After the Caatinga removal, the soil 
was prepared with plowing and harrowing and cultivated in its first year (2017) with 
forage sorghum (0.9 m spacing between rows and 15 seeds per linear meter), with 
2 kg ha-1 of Massai grass seeds sown at haul between the planting lines. Fertilizations 
comprise 200 kg ha-1 of NPK (8-28-16) (at planting) and 50 kg ha-1 of N (urea) and 
sheep manure (7 Mg ha-1) were applied in the total area. In the following year (2018), 
the area was cultivated with corn (0.90 × 0.20 m), intercropped with Massai grass 
(Megathyrsus maximus cv. Massai) (2 kg ha-1 of seeds), broadcast sown in the between 
rows and fertilized with 300 kg ha-1 of NPK (8-28-16) at planting and 50 kg ha-1 of N 
(urea) and 20 kg ha-1 of K2O (KCl) were applied during the vegetative growth period  
of corn.

Agroforest 10 (AFS10): This area was converted from Caatinga to an agroforestry system 
between 2016 and 2017. The agroforestry system consists of strips of native woody forest 
vegetation (row) 10 m wide and an arable strip (interrow) 20 m wide and from 220 to 240 m 
in length, with total suppression of vegetation. After removing the wood of commercial 
interest, the remaining material (19 Mg ha-1 of biomass) was crushed and incorporated 
by plowing and harrowing the soil. The agricultural area of the AFS10 was prepared with 
plowing and harrowing, with the cultivation of sorghum/millet + pigeon pea + Massai, 
receiving planting fertilization with 150 kg ha-1 of NPK (8-28-16), and 100 kg ha-1 of N 
(urea) and 20 kg ha-1 of K2O (KCl) that were applied during the vegetative growth period 
of intercropped forage followed by mechanical harvesting. 

Agroforest 20 (AFS20): This area was converted from Caatinga to an agroforestry 
system between 2016 and 2017. The agroforestry system consists of strips of native 
woody forest vegetation (row) 20 m wide and an arable strip (interrow) 10 m wide 
and from 220 to 240 m in length, with total suppression of vegetation. After removing 
the wood of commercial interest, the remaining material (19 Mg ha-1 of biomass) was 
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crushed and incorporated by plowing and harrowing the soil. The agricultural area of 
the AFS20 was prepared with plowing and harrowing, with the cultivation of sorghum/
millet + pigeon pea + Massai, receiving planting fertilization with 150 kg ha-1 of NPK 
(8-28-16), and 100 kg ha-1 of N (urea) and 20 kg ha-1 of K2O (KCl) we applied during the 
vegetative growth period of intercropped forage followed by mechanical harvesting. 
No fire or liming was used in any of the management systems.

Soil sampling 

For soil analysis, we collected disturbed and undisturbed soil samples (four repetitions) 
in each management system (Intercropping, Caatinga, AFS10 and AFS20) at the layers 
of 0.00-0.10, 0.10-0.20, 0.20-0.40, 0.40-0.60, and 0.60-1.00 m, in the rainy season of 
2018. We collected soil samples in suppressed and conserved areas in the AFS systems. 
First, we opened soil profiles with dimensions of 0.80 × 2.00 m and 1.3 m in depth. Soil 
sampling to determine carbon and nitrogen contents was carried out around each soil 
profile, in all cardinal directions. Four equidistant points were marked to collect deformed 
samples, which were combined into a composite sample for each depth. We also collected 
four undisturbed soil samples in the inner walls of the soil profile for soil density analysis 
using a stainless steel volumetric ring of 100 cm3.

Analysis of carbon and nitrogen contents and stocks

Disturbed soil samples were air-dried, sieved (2 mm) and macerated in porcelain grade 
until passing through a 70 mesh (0.210 mm) sieve. Carbon (SOC) and nitrogen (N) 
contents were determined by dry combustion. We analyzed soil bulk density (BD) using 
the volumetric ring method described by Teixeira et al. (2017). Soil bulk density in each 
sample was calculated by the relationship between the dry soil mass present in each ring 
and the ring volume expressed in g cm-3. The carbon and nitrogen stocks were calculated 
based on the concentrations of C and N and the volume and soil bulk density of each 
soil layer (Equation 1), correcting for the thickness of the reference area, according to 
Veldkamp (1994).

SOCs = 10
SOC × BD × e 							           Eq. 1

in which: SOCs is soil organic carbon stock at a given depth (Mg ha-1); SOC is the total 
organic carbon content at the sampled depth (g kg-1); BD is the soil bulk density for 
sampled depth (kg dm-3); and e is the thickness of the considered layer (cm).

We applied the same methodology described above to calculate the nitrogen stocks 
(Equation 2).

Ns = 10
N × BD × e 								           Eq. 2

in which: Ns is the organic nitrogen stock at a certain depth (Mg ha-1); N is the total 
organic nitrogen content at the sampled depth (g kg-1); BD is the soil bulk density for 
sampled depth (kg dm-3); and e is the layer thickness.

Data analysis and systematization

Comparisons between the sample properties were made using the mean confidence 
interval (p<0.05), according to Payton et al. (2000). When the upper and lower limits of 
the confidence interval do not overlap; it is considered that there is a significant difference. 
We also applied principal component analysis (PCA) (Jolliffe, 2002) and clustering, using 
the Euclidean distance by the Ward method (Ward, 1963), to identify the relations between 
the variables in this study and the different management systems. The Ward method 
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allows to identify different groups with minimal internal variance, minimizing the square 
of the Euclidean distance to the group means. We analyzed the main components of the 
PCA based on the graphical representation (Biplot), considering the parameter Cos2, 
an indicator of the quality of representation and, simultaneously, the contributions (%) 
of the variables (Abdi and Williams, 2010). 

All the analyses were performed in the R software for statistical computing (R Development 
Core Team, 2020) using the packages FactoMineR (Lê et al., 2008), factoextra (Kassambara 
and Mundt, 2017) and dendextend (Galili, 2015).

RESULTS 

Soil properties

Considering the upper and lower limits of the confidence interval for the surface layer 
(0.00-0.10 and 0.10-0.20 m), there were no difference for SOC, N, ratio and stock, 
however for the layer 0.20-0.40 m for SOCs, the management ASF20 show interval 
without overlap of Intercropping and Caatinga, in the same layer, ASF20 and Intercropping 
were superior in relation the Caatinga for Ns and for C/N ratio ASF10 was superior in 
relation of Caatinga and Intercropping (Table 1).

For layer 0.40-0.60 m, the management AFS20 show confidence interval without 
overlap for SOC and N contents in relation to Caatinga and Intercropping. The AFS20 
and AFS10, in the same layer, show confidence interval without overlap for BD in relation 
to Caatinga. In the same layer for SOCs the systems management of AFS20 and AFS10 
show confidence interval without overlap in relation to Caatinga and Intercropping, and 
for Ns the management AFS20 was superior in relation the other systems management 
(Caatinga, Intercropping and AFS10).

In the subsurface layer (0.60-1.00 m), the management AFS20 show superiority in relation 
to the Caatinga, Intercropping and AFS10 for SOC content and stock; Intercropping shows 
higher values for N content and stock, while the higher values for C/N ratio were verified 
for AFS10 and AFS20.

The AFS20 presented higher SOC stocks (114.97 Mg ha-1) for SOC accumulated stock 
(0.00-1.00 m). Although AFS10 (96.69 Mg ha-1) had a smaller accumulated SOC stock than 
the AFS20, it was superior to the values from Intercropping (75.43 Mg ha-1) and Caatinga 
(76.37 Mg ha-1) (Figure 1a). For the accumulated N stock (0.00-1.00 m), Intercropping 
(7.91 Mg ha-1) presented the highest values, followed by AFS20 (6.26 Mg ha-1) (Figure 1b).

Multivariate analysis

In the superficial layer (0.00-0.10 m), CP1 explained 69.28 % of the variability associated 
with the variables, and CP2 23.12 % (Figure 2a). The properties N and Ns were highly 
positively correlated with CP1, and the C/N ratio was highly and negatively correlated 
with CP1, while the properties SOC and SOCs were positively correlated with CP2. 
In the 0.10-0.20 m layer, the properties SOC, SOCs and C/N ratio correlated highly and 
positively, but N and Ns showed a high and negative correlation with CP1 (Figure 2b), 
and the BD correlated highly and positively with CP2.

In the 0.20-0.40 m layer, SOC, BD, SOCs and C/ N correlated highly and positively with 
CP1 (Figure 2c); however, the N and Ns variables showed a high and positive correlation 
with CP2. In the 0.40-0.60 m layer, SOC, N, SOCs and Ns had high and positive correlation 
with CP1 (Figure 2d); however, the C/N ratio correlated with high and positive values with 
CP2. In the 0.60-1.00 m layer, the parameters BD and C/N ratio correlated highly and 
positively with CP1, but the variables SOC, N, SOCs and Ns showed a high and positive 
correlation with CP2 (Figure 2e). The CP2 in the studied layers resulted in higher values 



Tonucci et al. Agroforestry system improves soil carbon and nitrogen stocks in depth...

6Rev Bras Cienc Solo 2023;47:e0220124

of the parameter of representation quality (Cos2) and contribution (%). High Cos2 values 
are associated with a color scale. The warmer the color (red), the greater the importance 
of these variables. In the first three layers, the properties with the greatest contribution 
were SOC, N, SOCs, Ns and C/N ratio. In the 0.40-0.60 m layer, the same properties are 
mentioned, except for the C/N ratio, and in the 0.60-1.00 m layer, the BD join SOC, N, 
SOCs and Ns.

Table 1. Mean and confidential interval (p<0.05) of carbon (SOC) and nitrogen (N) contents, soil bulk density (BD), stock (SOCs and 
Ns), and C/N ratio under the managements Intercropping, Caatinga and agroforestry systems (AFS10 and AFS20), and groups of 
clusters analysis for the evaluated soil layers

Management system SOC N BD SOCs Ns C/N
g kg-1 Mg m-3 Mg ha-1

0-00-0.10 m
Intercropping 16.5±4.2 1.25±0.38 1.56±0.07 23.3±4.9 1.77±0.50 13±3.5
Caatinga 16.0±3.5 0.79±0.10 1.41±0.14 22.8±5.5 1.13±0.21 20±2.9
AFS10 16.3±2.0 0.87±0.11 1.56±0.09 23.1±2.6 1.23±0.24 19±2.3
AFS20 15.4±1.0 0.91±0.04 1.49±0.16 21.8±1.0 1.28±0.10 17±0.5
G1 (Intercropping) 16.5 1.25 1.56 23.3 1.77 13
G2 (Caatinga+AFS10+AFS20) 15.9 0.85 1.49 22.6 1.22 19

0.10-0.20 m
Intercropping 8.1±1.5 0.78±0.11 1.60±0.05 11.9±2.9 1.12±0.20 10±0.5
Caatinga 9.3±3.1 0.61±0.19 1.46±0.11 13.5±3.4 0.89±0.21 15±1.8
AFS10 11.4±2.4 0.52±0.19 1.52±0.05 16.7±3.3 0.77±0.27 22±4.3
AFS20 11.5±2.2 0.65±0.13 1.52±0.03 16.9±3.9 0.96±0.21 18±1.3
G1 (Intercropping + Caatinga) 8.7 0.69 1.53 12.7 1.01 13
G2 (AFS10+AFS20) 11.4 0.59 1.53 16.8 0.87 20

0.20-0.40 m
Intercropping 5.47±1.3 0.57±0.11 1.53±0.10 16.7±3.3 1.77±0.28 9±0.2
Caatinga 5.87±1.2 0.42±0.12 1.53±0.05 18.0±3.6 1.31±0.36 13±2.4
AFS10 7.99±2.0 0.37±0.05 1.58±0.04 24.5±5.7 1.16±0.16 21±2.8
AFS20 9.33±0.9 0.52±0.06 1.59±0.03 28.6±2.0 1.59±0.22 18±2.9
G1 (Intercropping + Caatinga) 5.67 0.5 1.54 17.4 1.54 12
G2 (AFS10+AFS20) 8.65 0.45 1.59 26.6 1.38 20

0.40-0.60 m
Intercropping 3.38±0.6 0.19±0.03 1.61±0.08 10.6±1.8 0.62±0.07 17±2.5
Caatinga 3.91±0.1 0.21±0.02 1.57±0.05 12.3±0.8 0.68±0.06 18±1.0
AFS10 5.35±1.3 0.23±0.03 1.66±0.02 16.8±4.0 0.73±0.09 23±4.0
AFS20 7.42±0.8 0.42±0.07 1.66±0.02 23.4±3.2 1.32±0.25 18±1.4
G1 (Intercropping + Caatinga) 3.64 0.20 1.59 11.4 0.65 18
G2 (AFS10+AFS20) 6.38 0.33 1.66 20.1 1.03 20

0.60-1.00 m
Intercropping 1.95±0.2 0.39±0.15 1.60±0.10 12.7±1.4 2.58±0.90 5±1.7
Caatinga 1.50±0.4 0.13±0.03 1.62±0.02 9.7±2.6 0.83±0.15 12±1.9
AFS10 2.37±0.4 0.09±0.01 1.66±0.05 15.5±2.9 0.64±0.11 24±0.9
AFS20 3.72±0.6 0.16±0.02 1.69±0.09 24.2±4.2 1.08±0.15 22±3.3
G1 (Intercropping + Caatinga) 1.72 0.26 1.62 11.2 1.70 8
G2 (AFS10+AFS20) 3.05 0.13 1.68 19.8 0.86 23

AFS10: Agroforestry with strips of native forest 10 m wide; AFS20: Agroforestry with strips of native forest 20 m wide.
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The cluster analysis shows the dissimilarity between the different managements. In the 
surface layer (0.00-0.10 m), the management systems were grouped into two groups 
(Figure 3a): one formed only by the Intercropped agricultural area and the other group 
composed by the other managements (Caatinga, AFS10 and AFS20). In the other layers, 
0.10-0.20 (Figure 3b), 0.20-0.40 (Figure 3c), 0.40-0.60 (Figure3d) and 0.60-1.00 m (Figure 
3e), two groups were created: one composed by Intercropped and Caatinga, and the 
other by AFS10 and AFS20.

DISCUSSION
Influence of integrated management systems on soil SOC and N after the conversion 
of the natural vegetation Caatinga to agricultural areas was studied in this paper. The 
management system does not show differences between the land-use systems for surface 
layer 0.00-0.10 m. The production of straw can justify this in the area (intercropping with 
forage grass), which increases dry mass, especially on the surface. The intercropping of 
corn or sorghum with forage grass promotes changes in the soil’s chemical properties, 
resulting from the high accumulation of plant residues on its surface, which decomposition 
provides nutrient input to the soil, stimulating biological activity that results in changes 
in their fertility (Costa et al., 2015).

Figure 1. Accumulated soil organic carbon (a) and nitrogen (b) stocks up to 1.00 m of deepth 
under the influence of intercropping, Caatinga and agroforestry systems (AFS10 and AFS20). 
Vertical lines on the bars indicate the confidence interval of means (p<0.05). AFS10: Agroforestry 
with strips of native forest 10 m wide; AFS20: Agroforestry with strips of native forest 20 m wide.
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Our results show that the AFS10 and AFS20 were associated with the highest values of SOC 
(content and stock), mainly in the subsurface, and it may be due to the heterogeneity of 
components present in the agroforestry system, such as the presence of trees in the rows, 
and grasses and legumes cultivated in the rows, which corroborates the formation of the 
two groups (AFSs x Intercropping + Caatinga) for the subsurface layers. Furthermore, the 
higher accumulated SOC stock in AFS20 and AFS10 can be explained by the increase in 
SOC in depth from the tree’s roots present in the area that was recently opened as well 
as the roots of cultivated crops. The change in land-use resulted in gains for SOC up to 
1.00 m, which can be justified by the co-dependency verified in the results of principal 
components (Figure 1).

Adoption of agroforestry systems, regardless of their cultivated area, promoted higher 
accumulation of soil carbon in agricultural production systems in the semi-arid region, as 
the forest component exerts a strong influence on the microclimate, contributing to lower 

Figure 2. Biplots of principal component analysis between the carbon (SOC), nitrogen (N) content and SOC and N stocks 
(SOCs and Ns), C/N ratio and soil bulk density (BD) under the managements Intercropping, Caatinga and agroforestry systems 
(AFS10, AFS20) for the first two main components (CP1 and CP2), for the soil layers 0.00-0.10 (a), 0.10-0.20 (b), 0.20-0.40 (c),  
0.40-0.60 (d) and 0.60-1.00 m (e). AFS10: Agroforestry with strips of native forest 10 m wide; AFS20: Agroforestry with strips of 
native forest 20 m wide.
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temperatures, increasing residual moisture, and influencing positively organic matter 
and nutrient dynamics. Sequestration of carbon and nitrogen varies according to the 
deposition rates of plant and animal residues and losses resulting from litter consumption 
by animals, erosion and oxidation by soil microorganisms (Sacramento et al., 2013). 
The roots of the forest component impact the accumulation of carbon in depth since 
AFS20 provides a larger row area than the intercropping system. Root exudates are an 
essential source of SOC and nutrients in soils and are highly variable within management 

Figure 3. Dendrogram of dissimilarity between carbon and nitrogen contents and stocks, C/N ratio, and soil bulk density under 
agriculture managements Intercropped, Caatinga and agroforestry systems (AFS10 and AFS20) at 0.00-0.10 m (a), 0.10-0.20 m (b), 
0.20-0.40 m (c), 0.40-0.60 m (d) and 0.60-1.00 m (e) soil layers. AFS10: Agroforestry with strips of native forest 10 m wide; AFS20: 
Agroforestry with strips of native forest 20 m wide.
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systems, and such contributions in agroforestry systems are often derived from the tree 
component (Isaac and Borden, 2019).  

Accumulated SOC stock in AFS10 and AFS20 showed an increase of 50 and 26 %, 
respectively, and Intercropping agricultural area provided a decrease in the accumulated 
SOC stock of 2 % compared to the Caatinga area. Then, agroforestry systems are 
plausible alternatives for a rapid increase in C, and the intercropping system to maintain 
this SOC stock. It is also necessary to indicate that the 50 % difference in SOC stock 
between AFS20 and Caatinga is also affected by the input of Caatinga biomass that 
was suppressed, as the experimental area is in its first agricultural years. Oliveira et al. 
(2019) found that SOC stocks in AFSs were approximately 20 % smaller than in secondary 
forests after 12 years of conversion. After the conversion of native vegetation to 
pasture (native and planted), SOC stocks were reduced in the order of 12 to 27 % 
in a semi-arid region (Medeiros et al., 2020), which depending on the period of use 
and soil layer, generally represent more severe losses than in other regions of Brazil. 
Furthermore, the greatest losses occur during the first five years after the conversion 
of native vegetation (Medeiros et al., 2020). In general, the conversion of Caatinga 
into agricultural areas and pastures reduces soil SOC and N stocks. However, when 
crops with high biomass production are implemented, they can promote an increase 
in SOC and N (Barros et al., 2015).

The lower N stocks in the Caatinga and AFS10 and AFS20 compared with Intercropping 
are explained by the high litter C/N ratio of the Caatinga plants, which is 34.2 according 
to Primo et al. (2018, 2021). Biomass with a C/N ratio >30 can immobilize N or cause 
a slow release of this element in the soil (Moreira and Siqueira, 2006). The higher C/N 
ratio associated with the natural presence of tannins, polyphenols and lignin, hinders 
the mineralization of organic matter from soil microorganisms reducing the N input to 
soil (Aita and Giacomini, 2003; Lima et al., 2015).

The complex composition of agroforestry systems, combining leguminous, grass and 
tree species, promotes qualitative and quantitative increases in soil organic matter 
and carbon stocks, essential for maintaining soil quality. This is important for the 
Brazilian semiarid region, which has low carbon contents resulting from the natural 
input (Iwata et al., 2012). In addition, the use of residues with different organic and 
structural properties in the agroforestry systems creates a balance of labile and 
recalcitrant organic matter compartments, ensuring an increase in the complexity and 
maintenance of SOC (Iwata et al., 2021).

CONCLUSIONS
Conversion of Caatinga forest into Agroforestry Systems is a viable alternative to 
increase soil carbon stocks in the soil profile. Intercropping area with corn and Massai 
improves nitrogen stock in the entire soil profile (0.00-1.00 m) in relation to Caatinga and 
Agroforest Systems. Agroforestry system with strips of native woody forest vegetation 
with a row 20 m wide and an arable strip (interrow) 10 m wide improves soil organic 
carbon and stock in subsurface layers. Integrated agriculture systems in the Caatinga 
biome are sustainable alternatives for land-use in the semi-arid region.
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