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Abstract

:

The management of caiçaras by indigenous peoples in the “Lavrado” (savannas) region of Roraima is a practice that increases soil fertility. Caiçaras are temporary corrals where farmers keep the cattle at night for a certain period, when the soil is enriched by manure addition. In periods when these areas are not used as corrals, they may be planted with different plants species. In addition, areas adjacent to caiçaras may receive manure runoff and also be used for crop production. The study evaluated the changes in soil physical and chemical characteristics resulting from manure supply and runoff in caiçara and adjacent areas and compared these to soil characteristics of nearby unmanaged areas. Soil samples from the three system components were analyzed. The nutrient content added by manure runoff in the plantation adjacent to the caiçara resulted in significant accumulations of organic Ca, Mg, K, P, C, and micronutrients in the soil, without, however, changing pH. Only the soil surface (0–5 cm) showed improvements in soil bulk density and total porosity. This soil management system proves how efficient indigenous farmers can be in integrating their livestock component with the exploitation of available resources to improve soil fertility in areas of low natural fertility, enhancing agricultural production.
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1. Introduction


The largest contiguous area of savannas in Amazonia, with 43,358 km2, locally known as “Lavrado”, is located in the north of the state of Roraima, Brazil [1,2]. This ecosystem is composed predominantly of open grassy vegetation with a low density of trees, but there are also areas with forest-like formations, such as palm forests, gallery forests along streams, and semi-deciduous forests in the form of islands, regionally known as ‘forest islands’ [3,4,5].



Soils in Lavrado have, in general, low base saturation and low cation exchange capacity, together characterized as low natural fertility, while forest-like formations have more fertile soils [6]. Additionally, some Lavrado areas have high aluminum saturation, which characterizes typically dystrophic and alic soils [7,8]. For those reasons, indigenous peoples of this region traditionally install their food production systems not in the areas of Lavrado but in forest-like formation areas to benefit from greater natural fertility [9]. These areas are mostly represented by semidecidous forest “islands” and are also used for logging, hunting, and other livelihood activities [10]. However, the non-forested Lavrado, although less diverse and with less fertile soils, is also widely managed by the local indigenous population, such as for agroforestry in homegardens [11] and, more recently, extensive livestock ranching [12,13].



The Lavrado, with its large open grasslands, is conducive to extensive cattle ranching [14,15]. The first cattle herds were brought by Portuguese colonizers in the 19th century, with the aim of “occupying” the region, resulting in the expulsion of many indigenous peoples from their territory and the creation of ranches [16]. Some indigenous people were hired to work in the ranches, not only learning the techniques of livestock raising but also getting used to the equipment, language, and lifestyle of immigrants. At the end of the decade of the 1970s, with the initial support of the Diocese of Roraima (the organization of the Catholic church) and later other organizations, the indigenous peoples themselves introduced cattle raising into their communities. This was to guarantee the ownership of their original lands that were being taken by the livestock ranchers and also to support their own local economies [13]. As a result, indigenous peoples of the Lavrado (savanna region) became extensive cattle ranchers, a practice that goes on today, with adaptations to the indigenous context [12]. More detailed aspects of the introduction of livestock among the indigenous peoples of the Lavrado have been well-described by other authors [13,15,16].



Among the adaptations for cattle raising in Indigenous Lands (IL), there are the “caiçaras”. According to [17], the term caiçara originates from the Tupi-Guarani caá-içara [18], used to name the stakes placed around indigenous communities or villages, as well as a corral made of tree branches fixed in the water to contain fish along the Brazilian coast. In the indigenous communities in the Lavrado, the caiçaras are also corrals, but used to hold cattle. Caiçara management is a practice inherited from the colonizers and used to hold cattle that are gathered every night for a few months, providing an accumulation of manure and, consequently, soil enrichment [9,13]



As with other itinerant corral systems observed in diverse pastoralist settings [19,20], when the caiçara is no longer used for livestock holding, the indigenous people take advantage of the enriched soil for planting various fruit and agricultural species. In addition to the production of manure as a fertilizer that can be transported and used in other production areas, crops grown in the caiçaras are important for food security in a system that has the advantage of not demanding the transport of manure [13].



As well as in other indigenous communities of the Lavrado region, in the Aningal community, cattle raising is extensive, that is, the herd remains dispersed in the fields during the day, and in the late afternoon, the cowboy herds them to sleep in the caiçara. The caiçara is more frequently used in the rainy season and, because it is a large area, it does not accumulate a large amount of mud, which would make work difficult for the cowboy. In the dry season, other smaller corrals are often used.



In the Aningal community specifically, where the research was carried out, the caiçara system receives yet another adaptation [13]. The caiçaras are installed in areas of slightly inclined terrain, causing part of the manure to run off to an area adjacent to the caiçara; it is in this adjacent area where planting is carried out. This adjacent area has the additional advantage of not “occupying” the caiçara with plants, allowing caiçara to be continuously used for cattle herding.



Caiçara management aims to increase soil fertility, using a source of nutrients that is easily accessible, and shows that traditional communities recreate efficient and low-cost alternatives to produce their food in formerly low-fertility soils. The following hypothesis has justified this study: the management caiçaras for indigenous peoples, as well as other anthropic actions in the environment, cause positive changes in the chemical and physical characteristics of the soil, resulting in changes in the landscape of the Lavrado. Considering these aspects, the objective of this study was to evaluate the changes in the chemical and physical characteristics of the soil, caused by the supply of bovine manure in caiçaras and in the adjacent cultivated areas that receive the manure that runs off from the caiçaras, and compare these with nearby areas that do not receive manure.




2. Materials and Methods


2.1. Study Area


The research was carried out in the Aningal community (coordinates 61.40° W and 3.46° N), located in Aningal Indigenous Land, which occupies an area of 7627 hectares [21] in the municipality of Amajari, northeastern Roraima, Brazil. In the Aningal community, there are approximately 160 people in 40 families, belonging to Macuxi, Wapichana, Taurepang, and Sapará ethnic groups.



In the Aningal community, there are areas far from the center of the community, regionally known as “retiros”, where the community cowboy usually lives. In each retiro, there is a caiçara. For the study, three retiros (Aningal, Rebolada, and Saúba) were chosen, each of them with a caiçara and an adjacent planting area. The adjacent planting area is located in a place slightly lower than caiçara from where they receive manure run-off (Figure 1). Adjacent plantations are or have already been cultivated in areas with diversified plantings of fruit trees, legumes, and other plant species.



The history of the caiçaras and adjacent planting areas of three sites was reconstructed by interviewing the indigenous farmers. In retiro Aningal, which presents loamy sandy and loam soil textures, the sampled caiçara was approximately 18 years old, and by that moment, it was covered by a native invasive leguminous plant known as “mata-pasto” (Senna obtusifolia). Planting in its adjacent area began between 1999 and 2000 and, according to the indigenous peoples’ statements collected during the study, it was once rich and diversified, but was then undergoing a process of degradation. This area was cultivated with some domesticated agricultural species (banana, guava, and pepper).



The caiçara in retiro Rebolada was installed in 2007, beside another caiçara built in 1995 and currently deactivated. The adjacent area has received run-off manure first from the deactivated caiçara and then from the current caiçara. The current planting of banana and pepper in the adjacent area began in 2003. The soil textural class in this retiro is predominantly sandy loam.



Retiro Saúba, with sandy clay loam soil, has a caiçara built in 2006, with an adjacent planting area installed in 2011, with a wide variety of banana, acerola, soursop, papaya, medicinal herbs, and condiments.




2.2. Soil Sampling and Analysis


Soil sampling was carried out during the dry season of January 2013, when the caiçaras were “resting”, i.e., not being used to hold cattle. Each of the three retiros was split into the three following experimental units for soil collection: caiçara, the adjacent planting area, and the non-managed area (control). In each experimental unit, a sampling plot of 10 × 15 m, with three sub-plots (10 × 5 m), was installed in the center. Five soil samples from each sub-plot were collected from the 0–10 and 10–20 cm layers, and three samples from the 20–30 cm layer; these samples were mixed to form sub-plot composites and analyzed separately, then averaged to represent the unit. The pH (H2O and KCl), contents of exchangeable Ca, Mg, K, Al, available P, organic C, and exchangeable micronutrients Cu, Zn, Mn, and Fe were measured according to the methodology proposed by [22]. The soil texture was determined using the rapid dispersion method in accordance with the methodology described by Embrapa [22] based on the American Soil Texture Triangle adapted by the Brazilian Soil Science Society [23].



Soil bulk density was measured with two undeformed samples from each plot, collected at 0–5 cm and 5–10 cm depths, with 5 cm diameter and 5 cm height volumetric rings. The volumetric rings were oven-dried at 105 °C for 48 h. After drying, the soil mass was determined, and the soil bulk density (Ds) and total soil porosity (TP) were calculated following the methodology described by Embrapa [22].




2.3. Statistical Data Analysis


Experimental design consisted of randomized blocks with three treatments: caiçara, adjacent planting, and non-managed area (control), and three blocks (=3 retiros). Statistical significance was determined by analysis of variance with Duncan’s test at 5% probability. The results were analyzed using the SAS 9.0 (SAS Institute Inc., Cary, NC, USA). Principal component analyses were used to observe the general distribution of variables for soil, communities, and management systems. The standardized averages of each soil variable were used to generate biplot graphics. The graphical analyses were performed using the JMP 10 program (SAS Institute Inc., Cary, NC, USA).





3. Results


3.1. Acidity, Exchangeable Al, Ca, Mg, K, Available P, and Organic C


Except for pH (KCl) at the 0–10 cm layer, in general, pH did not change significantly among the different land use systems sampled (Figure 2).



Levels of exchangeable Al were considered low in most of the soils analyzed, in contrast to what is observed in most soils in the Amazon [24]. In depths of 0–10 and 10–20 cm, they were significantly higher in the non-managed area.



In the three depths, there was a significant increase in Ca levels in the adjacent planting areas, compared to the soils of caiçaras and non-managed areas. At the 0–10 cm depth, the Ca level in the planting area increased about six and three times compared to the non-managed areas and caiçaras, respectively. There was also a significant increase of Mg in the planting areas compared to the caiçaras and non-managed areas. At a depth of 0–10 cm, levels were five times higher than in non-managed areas and two times higher than in the caiçara.



For the three sampled depths, planting areas’ soils had significantly higher levels of K than the caiçaras and non-managed areas. These data indicate how the management practices carried out in the caiçaras, associated with an adjacent planting area, can significantly increase the level of this nutrient in soils of the Lavrado. P levels in planting areas were significantly higher than in other areas. In these areas, available P increased by 30 times at a depth of 0–10 cm and 27 times in the other depths, compared to non-managed areas.



There was a significant increase in levels of organic C of soil, comparing adjacent planting areas to the other experimental units. In the depth of 0–10 cm, this C rise was about four times greater in the adjacent planting area compared to the non-managed area.




3.2. Micronutrients (Cu, Zn, Mn, and Fe)


There was no significant difference for Cu levels in the three systems studied (Table 1). In contrast, levels of Zn and Mn are higher in the planting areas than in caiçaras and non-managed areas. In general, Zn levels in the 0–10 depth were considered satisfactory (>1.5 mg kg−1) in the planting areas and low in the non-managed areas, as well as Mn levels, for all depths. For Fe, the planting area showed higher levels compared to the non-managed area and the caiçaras in the three depths.




3.3. Soil Physical Attributes (Soil Texture, Bulk Density, and Total Porosity)


In this study, only the 0–5 cm depth showed significant differences in soil bulk density values (Ds) (Table 2). The Ds in the adjacent plantings was statistically different to that of the other areas (caiçaras and non-managed area). In the 5–10 cm layer, no significant differences were found, despite the lower Ds in the planting area. In this depth, all of the three assessed areas showed Ds above critical levels. Reichert et al. proposed a critical Ds between 1.70 and 1.80 Mg m−3 for sandy loam soils [25], as studied here.



In adjacent planting areas, soils at 0–5 cm depth had a total porosity (TP) of approximately 50%, being significantly higher than the other systems. Soils in caiçaras and non-managed areas showed low TP values [26] of around 38.1% and 37.6%, respectively, with no significant difference (Table 2).




3.4. Graphical Analysis of Principal Components


From the biplots of the principal components analysis, it is possible to observe an association between the soil characteristics at the depths of 10, 20, and 30 cm in the three compartments studied in each retiro (caiçara, adjacent planting and non-managed area) (Figure 3). Within the 0–10 cm depth, the two principal components explained 72.2% of the total variability. Within the 10–20 and 20–30 cm depths, the principal components explained 73.0% and 74.5% of the total variance, respectively. The graphs demonstrate the same trend as that observed in the 0–10 cm layer in terms of delimiting the three compartments of the management system. The most fertile soils were from planting areas, followed by caiçaras, and, finally, non-managed areas. These results indicate that agricultural soil management in caiçaras—and in their slightly lower adjacent areas—affects the fertility of soils up to 30 cm depth, especially for soil C, P, K, Ca, Mg, Zn, Fe, and Mn.





4. Discussion


4.1. Acidity, Exchangeable Al, Ca, Mg, K, Available P, and Organic C


Except for pH (KCl) at the 0–10 cm layer, in general, the results of this study did not show changes in pH after organic fertilization with corral manure, as also observed by other authors [27,28,29]. However, other studies [30,31,32], more frequently, have shown an increase in soil pH with the use of organic waste of animal origin. Mitchel and Tu [33] claim that the addition of manure usually does not modify the pH of the soil, but when there is a continuing application of organic fertilizer over time, pH may significantly increase. According to Donagemma et al. [34], the lower buffering capacity of sandy soils can be considered an advantage for their agricultural use, when compared to clayey and very clayey soils, as they require less lime to correct the acidity of the soil [34]. On the other hand, the values found indicate low aluminum toxicity in the soils of this region, confirming the work of Pinho et al. [12].



The results obtained for Ca, Mg, and K confirm the beneficial effect of manure supply derived from the caiçaras in the adjacent planting areas, through superficial runoff, mainly in the 0–10 cm layer [30,33,35], which can also be complemented by vegetation through nutrient cycling [36]. In the surface layer, Ca values in the planting area are considered of average fertility, and in the non-managed area, they are considered low, while Mg levels are considered high in the planting areas and low to medium in other areas [24]. The low K levels identified in the soil of non-managed areas may also be related to the higher sand content, which tends to decrease the concentration of this nutrient due to leaching [30,31]. K added to soil by manure is in a readily available form, does not form part of any stable organic compound, and is easily leached by rainwater [35,37].



According to Oliveira et al. [32], the addition of very large amounts of manure can result in an accumulation of P on the top soil, as also observed in this work. This accentuated increase in the 0–10 cm layer can also be linked to the accumulation of manure rich in p over time and also because it is a poorly mobile nutrient in the soil [30]. This high availability may be associated with the fact that a high proportion of this nutrient in manure is in available forms [30,37]. Admitting 10 mg kg−1 as a high p content, the values found in the planting area were high [24]. As observed in 96% of the soils in the Amazon, where p deficiency is severe and widespread [38], the soils in the non-managed area of this study showed low levels of p (p < 3 mg kg−1), highlighting that the use of cattle manure by indigenous farmers can significantly increase P levels in the poor soils of the Lavrado. On the other hand, a lower buffering capacity of these soils, both for pH and available P, can be considered an advantage for their agricultural use when compared to clayey and very clayey soils, which have high p adsorption capacity [39]. The results of this research follow the same trend as those of other studies that have demonstrated the gradual and positive effect of the use of cattle manure in soil fertilization, increasing the availability of nutrients to plants and favoring greater productivity [27,30,32,33,35].



The results of organic C show the beneficial effect of the supply of cattle manure to increase the organic matter in these soils, reaching values that are considered average in the topsoil [24]. The low levels of C found in non-managed areas are within the range found by other authors for the same region [11], who attributed these values to the low clay content of these soils. In sandy soils, decomposition is generally faster because organic matter is more accessible to microorganisms, in contrast to clay soils, where organic matter can be more effectively combined in soil aggregates [34,40]. Seen in these terms, the management of organic matter is one of the main factors of sustainability for sandy soils, because it improves physical and chemical properties, increasing CEC, nutrient recycling, and water retention capacity [39,41].



Results indicate that cattle management in caiçaras can create conditions for farming in Lavrado areas. As all indigenous communities in the Lavrado raise cattle, manure is an available resource for them, and this should be considered in government programs that recently have been supporting farming in Lavrado fields in Indigenous Lands. These programs have been providing inputs, such as machinery, chemical soil fertilizers, and hybrid crop seeds, but ignore manure. Planting in Lavrado areas is important to enhance production of surpluses as well as to diminish pressure on forest areas where traditional fields are installed (swidden-fallow production). If crop fields in the Lavrado follow agroecological guidance, it will be possible to maintain the sustainability inherent to indigenous systems and the connection to traditional knowledge, along with environmental conservation. Beyond the use of manure for planting crops, integration with livestock can be accomplished in more sustainable systems, such as agroforestry systems.




4.2. Micronutrients (Cu, Zn, Mn, and Fe)


The levels of Cu, for all areas and depths, are similar to those found by Pinho et al. [11] demonstrating that this is not a limiting nutrient in the soil of the Lavrado region as it is in the Brazilian Cerrado, possibly due to the composition of the source material. The micronutrients Cu, Zn, and Mn can become concentrated in the soil in bioavailable ways through connection with organic and mineral forms of the soil [41], and these reactions are dependent on pH. The interaction of micronutrients with mineral forms in the soil, especially in sandy soils, such as those in the studied region, causes less availability of the former [42].



Along with the native pasture of the Lavrado, which has low nutritional quality, the cattle raised by the indigenous communities receive as supplementary feed a mineral salt that may contain mineral sources of calcium, phophorus, copper, zinc, magnesium, sodium, and potassium, mixed with common salt. This supplementary feed is undertaken only in the dry season and may influence the chemical characteristics of cattle’s manure during that period.



Thus, the addition of manure can contribute to the increment of micronutrients, primarily of Mn and Fe in the soils of the Lavrado.




4.3. Soil Physical Attributes (Soil Texture, Bulk Density, and Total Porosity)


Livestock farming is traditionally associated with loss of soil physical quality, a result of animal trampling, which leads to an increase in soil bulk density [43]. According to Lanzanova et al. [44] an effect of animal trampling on the physical properties of soil is limited to its most superficial layers. In general, soils in their natural state, under native vegetation, have agronomically desirable physical characteristics, such as permeability, structure, soil bulk density, and porous space [45]. In the present study, soils under native vegetation (non-managed areas) did not have adequate physical properties, as some of the Ds values found were considered high, besides low total porosity (TP). TP values below 50% are considered low [26] and can prejudice soil water storage, root system development, and gas exchange. In a natural savanna in Roraima, Cruz et al. [43] found Ds values below those found in the present study (Ds = 1.55 Mg m−3), while in savanna converted to pasture, Ds values followed the same trend as that observed in the present study (Ds = 1.65 Mg m−3).



It can be noticed that the extensive cattle management practiced by the indigenous people of the Lavrado has low impacts on the soil physical properties. Despite the trampling during cattle confinement, no significant changes in soil bulk density nor any increase in compaction were observed. Although cattle management practices are not directly linked to the degradation of soil quality, soils of Lavrado have physical characteristics values (such as high soil bulk density and low total porosity) that, if not well managed, may hinder the management and establishment of crops and more demanding native species. This is one more characteristic that indicates agroforestry systems for Lavrado fields, once multi-strata trees create a root system that occupies diverse layers in the soil, helping to maintain soil porosity [36].




4.4. Graphical Analysis of Principal Components


The representation of Cartesian limits by straight lines allowed for a distinction between the three compartments of the management system. On the right side of the graph is the ‘Planting’ compartment, in the middle the ‘Caiçara’, and on the left side the ‘non-managed area’. The direction of most macro and micronutrient vectors points towards the right side, indicating that soils in planting areas are the most fertile, followed by caiçaras and, lastly, by non-managed areas. The pH and Al vectors point toward the left, which indicates that higher pH and Al values are associated with non-managed areas, followed by caiçaras, and finally by planting areas. This confirms that pH was one of the few attributes of the soil that was not altered by organic fertilization with cattle manure, as also observed by other authors [27,28,29]. The directions of the soil texture vectors tended to form 90 degrees angles with the nutrient vectors, which indicates no association between the soil texture and nutrients, which could be related to the low nutrient retention, such as K and N [46], mainly in the sandy textured soils, such as those studied here [34]. The biplot, therefore, confirms the efficiency of manure runoff in improving topsoil fertility, only requiring the pH to be managed.



Regarding the association among Al, nutrients, and management vectors, the Al vector rotated with depth, from ~180° (0–10 cm) to ~90° (20–30 cm); this means this vector pointed only to non-managed areas in the 0–10 cm layer but pointed to caiçara in the 20–30 cm layer. This indicates a relation between Al and nutrients that is inversely proportional to the 0–10 cm layer and independent in the 20–30 cm layer, and in the deeper layers, the content of Al relative to nutrients begins to increase even in caiçara and adjacent planting areas. This may be related to a slight liming effect caused by cattle manure in the surface layer, as well as being a nutrient source [28]. It was also observed that the Al vector was associated with the vector “sand” at the greatest depth, which indicates an increase in this fraction in depth, as well as a lower retention capacity of other nutrients due to a sandier texture.





5. Conclusions


The manure runoff in the cultivated area led to significant accumulations of organic Ca, Mg, K, P, C, and micronutrients in the soil, without, however, affecting soil pH.



Only the soil surface (0–5 cm) showed improvements in soil bulk density and total porosity. The physical properties of the soil were not affected in the depth 5–10 cm.



The intensified management of caiçaras, combined with cropping in an adjacent area, demonstrate how efficient the management practices applied by the indigenous cattle raisers can be at exploiting available resources to improve soil fertility, allowing for the cultivation of useful species in soils in areas of the Lavrado that were originally of low fertility. This is particularly important in the context of indigenous lands in this region, where traditional agricultural practices (mainly slash and burn agriculture) are carried out in forest areas that are scarce near many communities in Lavrado. Thus, the development of practices that enable cultivation in non-forested Lavrado areas is extremely important to reduce the pressure on forested areas—mainly forest islands and riparian forests—which are already under severe use pressure in many communities.



The existence of planting areas adjacent to the caiçaras shows the indigenous perception of the effects of manure on soil fertility and the response of plants to these effects, especially in relation to banana, a plant that clearly responds to soils that are rich in potassium. In addition to the management of caiçaras representing a creative alternative found for raising cattle and improving the diet of local people, this management also shows that indigenous communities absorbed livestock and adapted it to their reality, revealing an interesting process of adaptation and control of the relationships that involved them in an interethnic context.
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Figure 1. Caiçara management system in the retiro Aningal, indicating the sampled areas. 
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Figure 2. Average values of pH, Al, Ca, Mg, K, P, and organic C in three land use systems in Aningal Indigenous Land, Roraima. Columns represent the mean of three sites and lines the standard error of the mean. Subsequent columns with the same letter, at the same depth, do not differ from each other at the level of 5% probability by the Duncan’s test. 
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Figure 3. Biplot based on principal components in which interactions between soil traits and management systems are shown for three soil depths: 0–10 cm (A), 10–20 cm (B), and 20–30 (C). Aningal indigenous land, Roraima (n = 3). 
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Table 1. Average values of Cu, Zn, Mn, and Fe in three land management systems, at three depths (0–10, 10–20, and 20–30 cm) in Aningal Indigenous Land, Roraima.
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Management System Compartments

	
Cu

	
Zn

	
Mn

	
Fe




	
0–10

	
10–20

	
20–30

	
0–10

	
10–20

	
20–30

	
0–10

	
10–20

	
20–30

	
0–10

	
10–20

	
20–30






	
mg kg−1




	
Adjacent planting

	
1.50 (±0.33)

	
1.02 (±0.41)

	
0.89 (±0.33)

	
5.12 a (±0.86)

	
2.93 a (±1.10)

	
2.04 a (±1.09)

	
38.2 a (±10.3)

	
25.6 a (±8.37)

	
21.0 a (±8.39)

	
245 a (±16)

	
223 a (±22)

	
175 a (±42)




	
Caiçara

	
1.12 (±0.24)

	
0.91 (±0.32)

	
1.05 (±0.34)

	
1.87 b (±0.66)

	
1.29 b (±0.39)

	
1.08 b (±0.09)

	
13.6 b (±5.49)

	
7.4 b (±3.14)

	
5.5 b (±2.55)

	
158 b (±60)

	
146 b (±50)

	
111 b (±34)




	
Non-managed area

	
084 (±0.95)

	
1.54 (±0.87)

	
0.69 (±0.18)

	
1.09 b (±0.46)

	
0.90 b (±0.23)

	
0.37 b (±0.08)

	
6.7 b (±2.83)

	
3.7 b (±1.57)

	
2.8 b (±0.80)

	
81 c (±11)

	
82 b (±7)

	
79 c (±8)








Data represent the mean of three sites ± standard error. Subsequent columns with the same letter, at the same depth, in different soil management systems, do not differ at the 5% level of probability, according to the Duncan’s test.
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Table 2. Texture, soil bulk density, and total soil porosity under three soil management systems at two depths (0–5 and 5–10 cm), sampled in Aningal Indigenous Land, Roraima (n = 3).
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Management System Compartments

	
Clay

	
Silt

	
Sand

	
Ds

	
TP




	
0–5 cm

	
5–10 cm

	
0–5 cm

	
5–10 cm






	

	
--------- g kg−1 ---------

	
------ Mg m−3 ------

	
------ % ------




	
Adjacent planting

	
153

	
153

	
694

	
1.50 b

	
1.65

	
49.92 b

	
37.43




	
Caiçara

	
145

	
136

	
719

	
1.64 a

	
1.67

	
38.13 a

	
37.03




	
Non-managed area

	
97

	
195

	
709

	
1.65 a

	
1.67

	
37.58 a

	
36.99








Values followed by the same letter in the column, in each soil management systems, do not differ at the 5% level of probability, according to the Duncan’s test. (n = 3). Ds = soil density; TP = total porosity.
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