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 SUMMARY One of the first steps to ensure successful recovery of degraded area is to 
understand how the physical and chemical properties of the substrate behave. Thus the 

present study aimed to perform the physical and chemical characterization of the three 

degraded areas substrate undergoing regeneration in Biribiri State Park, Diamantina, 
MG. Areas degraded by mining of diamonds, gold, subrosion and reference area 

counted 50 (10 x 10 m), 30 (10 x 10 m), 36 (5 x 3 m) and 25 (20 x 20 m) plots 

respectively. In each plot was collected a composite of the surface substrate (0-20 cm) 
sample being analyzed for chemical parameters: pH in water, levels of P, K+ , Ca2+, 

Mg2+ and Al3+; sorption complex (potential acidity (H + Al), base saturation (V %), 

sum of bases (SB), CEC at pH 7 (T), effective (t) and aluminum saturation ( m%) and 
organic matter (MO) and the physical parameters: proportions of sand, silt and clay, 

soil resistance along the 0-30 cm , moisture, rock cover and exposed gravel layer. 

Analysis of physical and chemical properties of the substrate showed high limiting the 
development of invasive plant, presenting as substrates restrictions sandy texture with 

low fertility, high acidity, and medium resistance to penetration in areas degraded by 

mining of gold and diamond, a result which is consistent with the local geology, among 
which are basal formations of the Espinhaço Subgroup. 
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INTRODUCTION 

 

 The Brazilian subsoil owns important mineral deposits, considered expressive when worldly related. The 

Brazilian mineral sector profile is composed by 95% of small and median mining. The mining concessions show 

that 54% of the mines in Brazil are spread in the southeast region (Barreto, 2001). However, the calculus of the 

number of small enterprises is a complex task due to the great number of companies that work informally, allied 

to the frequent outages, which distort the statistics (Farias and Coelho, 2002). 

 The mining industry gets to represent 7.5% of the GDP (gross domestic product) (Ibram, 2010 which is 

considered as a fundamental activity for the economic and social development of several countries (Farias and 

Coelho). On the other hand, the mineral extraction activity constitute one of the main anthropic factors of 

environmental degradation (Fonseca, 1989), due to the large physical, chemical and biotic changes that it 

causes. 

 The negative effects of the mining activity exhibit greater intensity in the open explored areas, where the 

landscape is strongly modified, the polluted waters (Silva, 1993), from this procedure, a matrix of mineral 

material, of poor physical structure, low or no organic matter and reduced indexes of macro and micronutrients 

have resulted (Longo et al., 2011). Another phenomena that has worried the man in the last decades is the soil 

erosion, raising interest of researchers in what refers to the causes that lead to his origin, evolution and control, 

because this erosion hits and makes large areas of land unusable, leading even to a complete mischaracterization 
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of the physical environment (Loschi et al., 2011). In that context, it becomes necessary the adoption of actions 

that aim to promote these sites recovery. 

 The post-mining recovery activities have considerably developed, and several techniques are found 

perfectly adapted to the country conditions (Griffith et al., 1994). One of the most used techniques is the 

recovery with species of fast growth (Vasconcelos, 1997), where the ecological succession is stimulated in 

search of a more stable community (Lima, 1986) and a landscape statically harmonious and ecologically auto 

sustainable (Griffith et al., 1994). In that way, the evaluation of the physical and chemical attributes of the soil 

in degraded environments is of great relevance, once it can provide subsidies for the establishment of rational 

systems of management, contribute for the maintenance of sustainable ecosystems (Carneiro et al., 2009), as 

well as to generate strategic information for the implantation of environmental recovery programs. 

 In the context of recovery of areas degraded by the mining, works of physical and chemical characterization 

of the substrates will be able to effectively contribute to the future activities of restoration of areas by that 

activity, once there are a few works that report the changes occurred on the rocky field soils in the national 

literature. The present work had as object to execute the physical and chemical characterization of the substrate 

of three areas degraded in process of regeneration and one none degraded area in Biribiri State Park, MG. 

 

MATERIAL AND METHODS 

 

 The study was performed in Biribiri State Park (PEB), in the city of Diamantina, north central area of Minas 

Gerais State, in High Jequitinhonha region. It is located in the big Morph-structural unit denominated Sierra of 

Southern Espinhaço. The area is found over Formation Sopa-Brumadinho”, one of the basal formations of this 

subgroup. The predominant soil class is typical orthic Quartzarenic Neosoil. It occurs either in areas of strong 

declivity, around 27°, in mountainous relief, of monoclinal crystals, or in areas of low declivity, in more plane 

reliefs or of tubular hills in structural reliefs (Diniz et al., 2005). The presence of these soils is associated, 

mainly, to the schist rocks rich in quartz and quartzite that, in a general way, promote the formation of sandy 

and shallow soils (Abreu et al., 2005). The vegetal coverage typical of this pedo-environment is the rocky soil 

savanna and rocky field, ecotypes well adapted to the hydric seasonal deficit (IEF, 2004). 

 According to Neves et al. (2005), the climate in the study area is Cwb, according to the Köppen 

classification, average annual temperature varying from 1,250 to 1,550mm. The relative humidity of the air is 

almost always elevated, showing annual averages of 75.6%, with altitude around 1,390m. 

 In this work three different areas under different past types of degradation, in addition to a reference area 

(Figure 1) for purposes of comparison with degraded areas are described this way: 

 Area 1: Diamond mining area deactivated (ADGD) with 0.97 ha, in formation of rocky field, situated at the 

coordinates 649065.72, 649065.89E and 7987046.96, 798717.00S (UTM), zone 23K. the disturbance occurred 

on the soils by the miner activity caused the loss of the vegetal coverage, a greater exposition to the solar 

radiation, increase of the temperature, loss of humidity and soil nutrients. The relief is very bustling with wide 

extension of rocky outcrops of conglomerate and quartzite. On these outcrops, depending on the rock structure, 

it is possible to notice shallow and narrow layers of soil of organic-sandy composition. In the parts where the 

soil exists, it is normally shallow, sandy, directly deposited on the matrix rock.  

 Area 2: Deactivated Gold mining area (ADGO) with 2.57 ha, situated at the coordinates 649390.39, 

649352.3 W and 7987270.13, 7987310.25 S (UTM), zone 23K. In this area there is the expressive presence of 

rocky outcrops in situ, only rolled blocks of rochs phyllites. According to oral communication of the Forest 

State Institute (IEF) of Diamantina, this area was mined during the colonial period and there aren’t anthropic 

activities reports afterwards this epoch, the disturbance occurred on the soils by the mining activity has caused, 

as in area 1, losses of fundamental properties for the forest system balance. 

 Area 3: Area of ancient diamond exploration that currently is characterized by process of subrosion (ADV); 

it has 1.72 ha, situated between the coordinates 649176.34, 649377.97 W and 7986211.14, 7986098.64 S 

(UTM), zone 23K. In this area there is the presence of crispy rocks of light coloration, which can be a result 

from the alteration of quartzite and phyllites. Currently it is surrounded by a low biomass matrix. Confronts with 

degraded pasture and borrow area around it. 

 Area 4: Reference area (AR) under control of Semi Deciduous Seasonal Forest located in the surroundings 

of the areas in restoration process. It has 12.9 ha and it is situated at the coordinates 649777.26, 649743.83 W 

and 7986825.32, 7987206.54 S, zone 23K. 

 The area degraded by the diamond, gold, subrosion and reference area has counted with 50 (10x10m), 30 

(10x10m), 36 (5x3m) and 25(20x20m) portions respectively. In each portion one sample composed by the 

superficial substrate (0-20 cm), with about 300 cm³, consisting of five sub-samples (next to the vertex and in the 

center of the portions) in such way that it represent all the environmental heterogeneity. 

 The chemical and physical analyses of the substrate were performed in Laboratory of Soil Physic and 

Fertility of UFVJM according to the Embrapa protocol (2000), where the chemical parameters of the substrate 

were analyzed: pH in water; percentages of P, K
+
, Ca

2+
, Mg

2+
 e Al

3+
; sorption complex (potential acidity 
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(H+Al), basis saturation (V%), sum of bases (SB), CTC to pH 7 (T), effective CTC (t) and aluminum saturation 

(m%) and organic matter (MO). The percentages of sand, silt and clay were measured by the method of nugget 

(Embrapa, 1997). 

 

 
 

Fig. 1: Location of the three degraded area and the reference area where: ADGD = area degraded by the 

diamond mining; ADGO = area degraded by the gold mining; ADV = area degraded by the process of 

subrosion and AR = reference area. 

  

 The resistance to the penetration was also evaluated in five points in each of the portions, using the 

Penetrometer brand SOILCONTROL, model Penetrographer PAT SC-60. Mechanical resistance values were 

collected along the layer of 0-30 cm, using the average values found at each 5 cm deep. The limits adopted for 

the class of resistance to the penetration and roots growth limitation degrees will be according to Canarache 

(1990). 

 The humidity was determined using Moisture Meter HH2, at the moment of the evaluation of resistance to 

the penetration, once it is very important to properly perform the interpretation of the results of compression 

found (Oliveira et al., 2007). 

 From the chemical and physical analyses results, the gotten data were confirmed and submitted to the 

statistical analysis of variance. The comparisons among the environmental variables for the four areas were 

performed by the test of t for independent samples (P<0.05). The Main Component Analysis was made with all 

the variables described above, using the software named PC-ORD version 6.0 (Mccune and Mefford, 2011). 

 

Results: 

 The average values of pH found in the degraded areas were: 4.86 for the area degraded by the gold 

extraction, 5.05 by the subrosion and 5.06 by the diamond extraction, all of them presenting acid. However, 

contrary to the expected, the substrates of the degraded areas were in average, mainly less acid and with less 

percentages of aluminum than the soils of the reference area. 

 According to Alvarez et al. (1999)’s interpretation, which was used for the agricultural soils, we can 

classify the percentage nutrients other attributes (Board 1) in classes of soil fertility. For the area of gold mining 

the classes were: Very low: P, V; Low: Ca
2+

, Mg
2+

, SB; Medium: P, t, MO; Good; High: m (Al
3+ 

saturation); 

Very High: Al
3+

, H + Al. While the diamond mining area was classified in: Very Low: Mg
2+

, Ca
2+

, SB, Al
3+

, t, 

m (saturation by Al
3+

), and V; Medium: H+Al, T. The area of subrosion had the following classification: Very 

Low: P, K
+
; Low: Mg

2+
, Ca

2+
, SB and t: Good: M.O; Medium: K

+
, Al

3+
, T, m (saturation by Al

3+
); High: H + Al. 

In short the substrates in the degraded areas have significantly differed from the reference area in all the 

evaluated chemical and physical attributes (Board 1). 

 Board 1. Chemical and physical attributes of the superficial substrate (0-20 cm) of the three areas under 

different types of preterits of degradation and a reference area in region of rocky field in the Biribiri State Park, 

MG. The values are average +/- standard deviations of n samples of each one of the four areas. The averages 

followed by different letters on the line point important differences in tests of t for independent samples (P< 

0.05) pH water: relation 1:2.5; P and K: Extractor Melhich-1; Ca, Mg and Al: Extractor KCl 1 mol L
-1

; t: 

Capability if effective change of cations; T: Capability of cations change to pH 7.0; m: Saturation by aluminum; 

V: Saturation by bases; MO: Organic matter determined by the colorimetric method; Sand, Silt and Clay: 

Nugget method. RP_0-10 cm, RP_10-20 cm and RP_20-30 cm, Soil resistance in the presented depth; ADGD: 

Area degraded by the diamond mining; ADGO: Area degraded by gold mining; ADV: Area degraded by 

subrosion; AR: Reference area. 
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ATTRIBUTES ADGD ADGO ADV AR 

C
h
em

ic
al

 

pH water 5,06 + 0,14 a 4,86 + 0,10 bc 5,05 + 0,12 ab 4,63 + 0,13 c 

P (mg dm-³) 2,45 + 0,29 b 2,73 + 2,41 ab 1,28 + 0,31 b 4,73 + 0,52 a 

K (mg dm-³) 11,95 + 2,6 c 54,71 + 8,1 b 45,9 + 9,56 b 95,7 + 14,2 a 

Ca+2 (cmolc dm-³) 0,71 + 0,07 a 0,48 + 0,03 c 0,55 + 0,04 b 0,57 + 0,07 b 

Mg+2 (cmolc dm-³) 0,29 + 0,03 a 0,22 + 0,01 b 0,21 + 0,04 b 0,23 + 0,03 b 

Al+3 (cmolc dm-³) 0,32 + 0,03 d 2,24 + 0,25 b 0,87 + 0,14 c 4,18 + 0,27 a 

H + Al (cmolc dm-³) 2,63 + 0,24 d 10,62 + 1,7 b 6,00 + 1,28 c 30,1 + 2,48 a 

SB (cmolc dm-³) 1,02 + 0,09 a 0,84 + 0,04 b 0,88 + 0,07 b 1,05 + 0,11 a 

t (cmolc dm-³) 1,34 + 0,07 d 3,08 + 0,25 b 1,75 + 0,12 c 5,22 + 0,29 a 

T (cmolc dm-³) 3,65 + 0,21 d 11,46 + 1,7 b 6,88 + 1,72 c 31,14 + 2,5 a 

m (%) 25,34 + 3,2 d 70,8 + 2,34 c 47,92 + 5,1 b 79,8 + 1,88 a 

V (%) 29,1 + 2,96 a 9,54 + 1,32 c 16,86 + 3,5 b 3,46 + 0,37 d 

 M.O. (dag kg-1) 0,55 + 0,07 d 2,47 + 0,29 b 1,60 + 0,39 c 5,11 + 0,13 a 

P
h

y
si

ca
l 

Sand (%) 88,66 + 1,1 a 53,10 + 5,8 c 66,06 + 7,5 b 30,6 + 3,74 d 

Clay (%) 2,94 + 0,26 c 13,4 + 2,24 b 15,7 + 3,45 b 44,3 + 3,28 a 

Silt (%) 8,58 + 1,09 d 33,48 + 5,6 a 18,17 + 5,1 c 25,1 + 2,53 b 

RP_0-10cm (MPa) 2,34 + 0,12 a 2,07 + 0,19 a 0,68 + 0,06 c 1,57 + 0,14 b 

RP_10-20cm (MPa) 3,02 + 0,09 a 2,94 + 0,17 a 1,04 + 0,10 b 1,97 + 0,18 c 

RP_20-30cm (MPa) 3,20 + 0,07 a 3,34 + 0,15 a 1,22 + 0,10 c 2,26 + 0,22 b 

Moisture (%) 8,05 + 1,37 d 17,4 + 1,36 a 12,30 + 0,8 c 14,4 + 0,57 b 

Rock cover (%) 14,7 + 17,4 a 4,93 + 1,93 b 0,33 + 1,39 c 0,00 + 0,00 c 

Exposed gravel (%) 49,2 + 21,3 a 15,2 + 12,5 b 13,9 + 18,6 b 13 + 27,16 b 

 

  The percentages of potassium (K
+
) presented important differences, and they are the highest values found 

in the reference area. Its values for the areas degraded by the gold extraction and by the subrosion process did 

not differ among themselves and were superior to those found for the area degraded by the diamond extraction, 

what corroborate with the data obtained by Longo et al. (2005), in area of cassiterite extraction. 

 The available percentages of phosphorus can be considered very low in all the areas (≤10 mg dm
-
³), they 

were the highest values found in the reference area (4.73 mg dm
-
³) followed by the area degraded by the gold 

extraction (2.73 mg dm
-
³), area degraded by the diamond extraction and subrosion, respectively 2.45 and 1.28 

mg dm
-
³ of P (Silva et al., 2004) and in areas of coal mining with values under 3.8 mg dm

-
³ (Costa and Zocche, 

2009). 

 An increase in the percentages of MO was noticed in the reference area and in the area degraded by the gold 

extraction, what led to lower levels of pH and to a higher potential acidity (H+Al), in addition to percentages of 

Ca
2+

 and Mg
2+

 relatively low. 

 The results in relation to the sand, silt and clay percentages, present important difference among the studied 

situations, with exception of the percentage of clay in the areas degraded by the gold extraction and by the 

subrosion process which were statistically equal. Thus, in the three degraded areas there was the predominance 

of soils with high percentages of sand. 

 The averages for the classes of resistance to penetration in the depth 0-10 cm, for the areas degraded by the 

gold and diamond extraction was low, in addition to be significantly superior to the reference area, however 

resulting in little limitation to the root growth (1.08 – 2.45 MPa). While the area degraded by the subrosion 

process presented very low class of resistance to penetration, without limitation to the roots growth (<1.08 MPa) 

for this same depth. 

 In the depth of 10-20 and 20-30 cm the class of resistance to the penetration was medium for the areas 

degraded by the gold and diamond extraction resulting in some restrictions to roots growth (2.55 – 4.90 MPa). 

The class of resistance to the penetration in the reference area for the 10-20 and 20-30 cm depths has presented 

little limitation to the roots growth. While in the area degrade by the subrosion process the class of resistance to 

penetration has passed from very low at 10-20 cm depth to low at the 20-30 cm depth, which reflects in little 

limitation to the roots growth (Canarache, 1990). 

 We can notice in figure 2, that the auto values of the first two components of PCA were 45.2 and 16.03% 

and the accumulated variance percentage was 61.23%.  

 The order of portions, by vectors of environmental variables, in the first two component of PCA indicates 

that sand, V, pH have presented high positive correlation among themselves and they are negatively correlated 

to the humidity, silt, clay and MO variables. These last ones have shown high positive correlation among 

themselves. The first axis had higher positive correlation with m, MO, Al and clay, and higher negative 

correlation to V, sand, exposed gravel and Ca
2+

. The second component was positively RP_0-10, RP_20-30 and 

SB. These two axis divided the portions in four groups, based in the fertility, physical and topography of the 

substrate. 
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Fig. 2: Analysis of main components (PCA) of the environmental variables collected from 116 portions in three 

areas degraded in recovery process: ADGD, area degrade by the diamond mining; ADGO, area 

degraded by the gold mining; ADV area degraded by the subrosion process and one reference area (AR) 

in Diamantina, MG.   

  

  The first group is formed by portions of the area degraded by the diamond extraction, being sandier, with 

high basis saturation, higher pH, high rock and exposed gravel coverage, characteristics that together make it 

difficult for the establishment of the vegetation in the area and justify the low density of plants in the area. This 

area has presented favorable chemical characteristics and problematic physical characteristics. 

 The second group is formed by portions of area degraded by the process of subrosion that occupies less 

compressed and low natural fertility areas. The third group is formed by the portions of the reference area that 

presents a higher percentage of M.O, elevated percentages of K and high concentration of Al. in this same group 

the portions 23, 24 and 25 have distanced from the others because of the elevated mechanical resistance to the 

compression. In the fourth group are the portions of the area degraded by the gold extraction, with areas less 

drained when compared to the reference area, higher percentages of silt and P. 

 

Discussion: 

 Although the chemical characteristics differ among the evaluated areas and inside the same area, in general, 

the substrate of the three degraded areas have presented low natural fertility, which corroborates with the results 

found by Barth (1989) and Gomide (2011), also indicating low acidity (CFSEMG), 1999) which is characteristic 

of patterns of the soil of the Brazilian vegetation savanna that presented pH varying between 4.0 and 7.5 (Lopes 

et al., 1991). 

 The average values of pH found in the degraded areas were, significantly less acid and with less 

percentages of aluminum than the soil of the reference area. That might have happened due to the heterogeneous 

distribution of the aluminum on the soil profile, with higher concentration of that element on the superior layers 

of the evaluated soils (Negreiros et al., 2011). 

 These results corroborate with the survey made in soils of rocky field at Sierra of Cipó (Ribeiro and 

Fernandes, 2000; Benites, 2001 and Medina, 2004) and they are between the intervals (1.9 to 7.4) found by Jung 

(2001), for reject of silver-gold mining and Longo et al., (2005) for areas degraded by the cassiterite in Jamari 

National Forest (3.7 to 4.8). According to Silva et al., (2004) and Jung (2001), the wide extension of pH values 

can be attributed to differences in the mineralogy of the minerals: the high values can be attributed do reactions 

with carbonates and cyanide and the low values of pH to the weathering of the sulfated minerals (Silva et al., 

2004 and Freitas et al., 2006). 

 The low percentages of P may be related to the fixation of phosphorus by positive loads of iron and 

aluminum oxyhydroxides micelles (Novais and Smyth, 1999), which come to compromise the vegetal growth in 

tropical soils, since the P is the main nutrient responsible for the initial growth of the plants (Skrebsky et al., 

2008). However, a probable mechanism to avoid that the P be a limiting element is the use of species with 

potential for the formation of mycorrhizal: factors that are important in the technology of recovery for degraded 

areas (Siqueira et al., 1998). Another way would be the adoption of silvicultural practices which aim the 

increase of the MO percentage on the soil, since the progressive organic matter disappearing makes possible the 

immobilization of the P, decreasing its availability for the vegetable community (Montagnini and Jordan, 2002). 

 The higher concentration of MO in the area degraded by the gold extraction happened because that system 

presents more complex structure and diversified flower composition, strongly immobilizing the Ca
2+

 and Mg
2+

, 

these elements are structural components of the vegetables (Moraes et al., 2008). Results which are similar to 

the ones obtained on this study for the percentage of MO were found by Silva et al. (2004), Favaretto et al. 



287                                                               Wander Gladson Amaral et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(13) August 2014, Pages: 282-289 

  
(2000) and Costa and Zocche (2009), in areas degraded by schist mining. That same tendency was registered by 

Longo et al. (2011) studying the use of green fertilization in the restoration of soils degraded by mining in the 

Amazon Forest. Superior results of MO were found by Melloni et al., (2006), studying areas of bauxite mining 

under different vegetation types, ages and conditions of rehabilitation. 

 Due to higher average levels of organic matter in the reference area in relation to other situations, it may be 

inferred that conserved areas have higher fertility and higher resilience (Long et al., 2011), compared with 

degraded areas in the recovery process. Thus, the loss of organic matter is a characteristic that must be exercised 

during the restoration of degraded substrate (Long et al., 2005), since it acts as a support for the establishment 

and development of colonizing vegetation. 

 From the point of view of succession, cycling is characterized by a rapid turnover of nutrients during the 

early stages of succession, with the exception of Ca
2+

, and a shift to slower turnover rates in the later stages 

(Guariguata and Ostertag, 2001 and Moraes et al., 2008), as it seems to be the case of the three degraded areas 

in this study 

 The predominance of soils with high sand content in the three degraded areas was expected, since these 

substrates are slightly weathered materials (Silva et al., 2004). A similar result was found by Silva et al. (2006) 

studying the sterile and discard from the iron mining of the Alegria mine in Mariana, Minas Gerais, where he 

found percentages of sand (50%), clay (2%) and silt (48%). Roussel et al. (2000), after performing a textural 

analysis of tailings from gold mining in France, found that samples taken at 20 cm contained 10.8% silt and 

little clay (3.6%).  

 The highest average humidity retention presented by the area degraded by extraction of gold is due possibly 

to the higher content of organic matter. On the other hand, the reference area showed MO levels that are higher 

than the ones of the area degraded by gold extraction and significantly lower humidity, which can be explained 

by different epochs of data collect. These results meet Grohmann and Camargo’s statement (1973), where the 

quantity of water retained by the soil depends principally on the Quantity and nature of the clay fraction and the 

level of organic matter present in the substrate. 

 The highest degree of compression in areas degraded by the extraction of gold and diamond is disturbing 

because it makes the substrates less permeable to water and more susceptible to runoff (Neto et al., 2008), 

increasing losses from erosion processes besides being a limiting factor in the colonization site. 

 According to Oliveira et al. (2007) and Camargo and Alleoni (1997), values of penetration resistance from 

2.5 MPa are considered limiting to the growth and proper development of cultivated plants. Thus, the substrates 

of areas degraded by extracting gold and diamond have limitations to plant growth in the layers 10-20 and 20-30 

cm, showing greater compression at depth. Therefore, in these degraded areas, there is need for silvicultural 

practices of tillage before sowing or planting seedlings during the recovery process. Results of resistance 

exceeding 2.5 MPa compression were found by Corrêa and Bento (2010) studying mined substrates from a 

borrowed re-vegetated area in Federal District and Campos and Alves (2006), evaluating the penetration 

resistance of the soil layer 0-40 cm in a lending area of Ilha Solteira Dam, MS in the recovery process, (5.92 to 

6.92 MPa). Results lower than those of areas degraded by extracting gold and diamond were found by Leite et 

al. (1994) studying the hydro-physical soil properties of a gravel pit at Brasilia National Park (1.61 MPa) . 

 In a general way, the analysis of main components has separated all of the studied situations, confirming the 

great heterogeneity of the substrates, needing a particular and proper to each area treatment when the object is 

the recovery of degraded ecosystems in an efficient and auto-sustainable way. 

 

Conclusions 

 From the analysis of the chemical attributes, it was noticed that the substrates present with a high limitation 

to the development of colonizing plants, presenting as restrictions the low levels of P, K Ca, Mg, organic matter 

and high acidity. 

 There was the predominance of soils with high percentage of sand in degraded areas characterizing them as 

of a sandy texture. 

 The PCA allowed verifying that the environmental variables are not distributed homogeneously in all the 

areas. 

 The two mining areas have presented medium mechanical resistance to penetration showing limiting to 

plants growth at the depths of 10-20 and 20-30 cm, while the area of subrosion presented low penetration 

resistance. 
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