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ABSTRACT

Soil attributes can provide indicators for the management and conservation of natural and agrarian ecosystems.
This study was carried out before the rupture of the Cérrego do Feijdao dam and aimed to evaluate and quantify the
stocks of carbon, nitrogen and the C/N ratio in soils around the Paraopeba-MG river basin in five regions corresponding
to the high, middle, and low river course, considering three usage factors: forest, pasture, and Shrubbery forest,
correlating them with the chemical and physical properties of the soil, aiming at the interpretation of past use, to obtain
management and conservation strategies for ecosystems. The results indicate a significant variation in carbon and
nitrogen stocks with an increase in the 20-40 cm lagencerning the type of use, the forest system was the most
efficient in accumulating carboAbout to site, the regions of Brumadinho and Fortuna de Minas showed similarities
in the incorporation of carbon in the soil, differing from the regions of Jeceaba, Florestal, and Trés Marias. There was
a close correlation between stocks and the chemical and physical properties of the soil, making it possible to assess the
quality of the soils in the study regions in terms of structure and fertility
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INTRODUCTION ses for understanding phenomena such as, for example,

Understandina thehemical t ‘ i ¢ carb the greenhouse effect and eutrophication (Machado, 2005;
naerstanding emicattranstormations ot car Or]NairetaI,ZOJl; Elbasiouny & Elbehiry2019).

(C) and nitrogen (N) in the soil is fundamental for the The stocks of C and N in the soil are also influenced

management and conservation of ecosystems, as We"o@Sthe management adoptedidéria et al, 2012).

for the proper use of natural resources (Bbal, 2011;  pepending on the use and management, the soil can act
Pulido-Fernandeet al.,2013; Liet al, 2017Abu-hashim - 45 5 grain, due to the accumulation of C in the form of
et al, 2016,Assefaet al, 2017). C and N are the main organic matter or Cgemitting source for the atmosphere
components of soil organic matter and their stocks Wi{l\/lilne etal, 2007; Schrumpdt al, 2013; Fengt al, 2019).
vary depending on the rates of addition, by plant and/qtjs scenario has changed with the incorporation of
animal residues, and losses, including those resulting frafdnservationist practices (e.g. no-till) that can accumulate
erosion and oxidation by soil microorganisms (Silva, 2012;alues in the range of 30 to 60 Pg of C over 25 to 50 years
Francoet al, 2014; Barrogt al, 2015). In addition to the of cultivation (IPCC, 2006).

biosphere, the chemistry of these elements in the soil On the other hand, the use of conventional manage-
system (pedosphere) is closely related to their exchangent practices with intense soil overturning and the
with the atmosphere and thgdrosphere, providing ba- elimination of vegetation cover from the surface, although
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historically presenting a relevant contribution to food The vegetation of the Paraopeba River basin belongs
production, can significantly affect the stocks of organito theAtlantic forest and Cerrado domains since the basin
matter leading to intense losses of C and N bysin atransition area (Cibap@010).Total rainfall ranges
mineralization and erosion (Lal, 2004; Jantalaia, 200@&round 1,700 mm yeain the headwater regions and 1,150
Gelawet al, 2014;,Wanget al, 2016; Liet al, 2017). mm year in the region near the Trés Marias dam. These
Within this context, the Paraopeba River basin, one ofgions were grouped due to the activities that are
the main tributaries of the S&o Francisco Riwdrich has developed in their surroundings, such as mining (high
also been affected by sources of pollutants from tHearaopeba), sand extraction, agriculture (low and medium
mining industry and whose quality is directly dependentver course) and toposequence (flow of organic matter).
on the proper management of its tributaries, has been The soils were sampled at depths of 0 to 20 cm and 20
showing continuous increase deforestation in its extensiem40 cm, removed at different points in the areas, to obtain
by the increase of the population floagricultural and more representative samples.
mining activities, since the basin is inserted in the region Sampling was carried out considering the following
of the Quadrilatero Ferrifero, which act to modify the uskand use and management systems: Native forest, Pasture,
and the quality of the soils, as well as of the otheand Shrubbery forest (areas in resilience). Shrubbery
compartments of the ecosystem (Cibagad 0). forests were considered regions during regeneration and
The study of C and N stocks, as well as the chemicaith agglomerated vegetation of medium and small sizes.
and physical attributes of the soil, can provide subsidi€&omposite soil samples were taken from these systems,
for the implementation of adequate management systeras, that a composite sample was formed by two simple
capable of maximizing the sequestration of Cand N.  samples, generating two sub-samples for each evaluated
The objective of the present work was to evaluate tleystem. The collected soils were placed in plastic bags,
C and N stocks, as well as the C/N ratio of the soils arouteken to the UFNCAF laboratorypassed in a 2 mm mesh,
the basin submitted to different systems of use arahd airdried. After this stage, chemical analyzes were
management, and to relate them to the main chemical gmetformed (Supplementary Material ), according to the
physical attributes of the soils in five regions correspomethods described by Embrapa and standardized by the
ding to the high, medium and low Paraopeba. Besidagyrrent Brazilian Soil Classification System (dos Santos
these data would help in future research on the quality efal.,2018).
the soils around the basin after the “Cérrego do Feijao” Thus, the factors under stydsampling region (five
dam burst, in the municipality of Brumadinho, on Januamegions, or levels under study: Jeceaba, Brumadinho, Flo-
25, 2019. restal, Fortuna de Minas, and Trés Marias), were combined
with the management factor (forest, pasture, and shrubbery
MATERIAL AND METHODS forest), generating the experimental arrangement (entirely
This study was carried out in five municipalities alongandomized), forming the scheme of factors under study
the Paraopeba-MG River basin before the Corrégo de Ffir statistical analysis.
jdo dam burst, areas belonging to the high, middle, and . )
lower stretches of the river (Figure 1). The evaluated Chemical Analysis
municipalities were: Jeceaba (20 ° 32 ‘6 “S and 43 ° 58' 580il organic C and N content
W), located in the upper portion of the riveith climate Soil organic C content was determined by the wet
typology of theCfb type (temperate with mild summer), method described bWalkley and Black (1934), as
according to Koeppen, with an average temperature déscribed byleixeiraet al.(2017), which consisted of the
22°C and dry season coinciding with winter; Brumadinheulfuric oxidation of the organic material.
(20° 08 '34 “S and 44° 12' 00" W) and Florestal (19° 53 To determine the total nitrogen content, the Kjeldahl
‘20”'S and 44° 25' 58 “W), located in the middle portion 0{1883) method was used, which involves the use of a
the river both with climate typ€fa (temperate with hot digestive mixture based on [0, (sodium sulfate) and
summer) with an average temperature around 24°C, witlCaiSO, (copper sulfate). The digestion process was
dry season corresponding to winter; Trés Marias (18° Tarried out with the aid of a digester block at a high
'21“S and 45° 14' 31" W) and Fortuna de Minas (19° 33 '3@mperature (above 360°C) for five hours with post
“S and 44° 26 '49" W), located in the lower portion of thesteam distillation. The distillate was acquired using
river and which have a climatic typology of the typga boric acid (HBO,), together bromocresol green and
(rainy and hot summer), with an average temperature wfethyl red, and then titrated with 0.05 mot* L
24°C and dry winteiThese regions are characterized byydrochloric acid (HCL) until the solution acquired an
mountainous relief forms, with an average height of 650 orange colarThus, the N content was evaluated in
in the mouth of the basin and 1,544 m in the headboarduplicate, with blank tests.
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Soil organic C and N stocks saturation (m%) were calculatédl chemical determina-
With the oganic carbon and N content and soifions were based on the standard techniques according
density carbon and nitrogen stocks were calculated fd@ Teixeiraet al.(2017).

each depth sampled using the following equation (BaIdOtB)ata analysis
etal, 2010):

) C and N stocks and C/N ratio data were subjected to
C,orN,=[C]or [N]].p. SD 10 (Eq. 1) analysis of variance to verify at each depth the effects of

. soil use and management systems. The comparisons of
whereCsor Ns are the carbon or nitrogen stocks of th?h de by the TukevesD.05. using th
soil (Mg hat), [C] or [N] the soil organic carbon or nitrogen € means were made by the 1ukey 09, Using the

content (g kg), p the thickness of the soil layer (m) anat2 hoelixp;Des pacfkagelo;‘.the R CI:ore software r(fFeeEzh, ith
SD s the soil bulk density (Mg ). Pearsos'correlation analyzes were performed, wi

the verification of the significance of the correlation

Physical Analysis coeficients (r) performed by thet&ents t-testThe data
Soil bulk density (g cm3) was determined for calculatin’€'€ also submitted to cluster analysis (multivariate
C and N stocks accordingTeixeiraet al.(2017). analysis), using the Euclidean distance to assess the
degree of dissimilarity between the samples (Cruz, 2006).
Soil chemical attributes Data manipulation was performed using the SPSS 2.0

For chemical characterization of the soils in the studgrogram.
areas and also to assist in obtaining the correlati
coefficients, the pH in water and the content of P andCEESULTSAND DISCUSSION
available by the Mehlichextractor (mg drf). C&*, Mg, C, N stocks and C/Ns ratio
and potential acidity (cmotint®) were determined. Based ~ C and N stocks, as well as the C/Ns ratio based on
on the results, the values of the sum of bases (SB}pcks, were affected by the different land use and
effective CEC (Cations Exchange Capacity), and total CE@anagement systems at all depths assessdte(T). It
(cmol, dn®) of base saturation (V%) and aluminumis observed that the highest values of C and N stocks for
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Figure 01: Geographic location of the sampling areas of the Paraopeba River Basin (MG)
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the evaluated systems occurred in the subsurface layersAbout the total C stocks (considering the sum of the
(20 to 40 cm). These high values may also indicate tiwo sampled depths) the municipality of Florestal had the
possibility of amA horizon buried (Silv&t al.,2012) due highest C stock (115, 3 Mg #gaaccumulating 30% more

to the heavy rains that occurred in 2014. carbon than others evaluated municipalities.

As for the efficiency in the accumulation of Cand Nin  This high value is because this region has a rotational
the five sampled regions, the multivariate analysis of thggazing system could be favoring the regrowth of forages,
entire data set generated two dendrograms (Figures\2hich justifies the results obtainedalues very close to
and 2b), indicating the division of the analyzed areathose verified in this study were found by Freixo (2002) in
with greater or lesser Euclidean distance. pastures with 20 years of management, which presented

For C stocks, the cluster analysis generated twan average stock of 45,6 Mghaf C, which attributed to
groups, one consisting of the municipalities of Jeceabte voluminous and well-distributed root system of the
Florestal, and Trés Marias and a second consisting of thesses, which favors the high deposition of C to the soil,
municipalities of Brumadinho and Fortuna de Minas. Imainly in the form of roots.
the first group, it is noted that the municipality of Jeceaba In general, there was little change in soil N stocks. In
stands out in its subgroup. The second group representie 0 to 20 cm layetheTrés Marias region, located in the
by Brumadinho and Fortuna de Minas are similar to eagortion of the lower course of the riveresented the
other highest value for the N stock, on the other hand, the

For N stocks, there was a formation of three group8eceaba region (high Paraopeba) presented the highest
the first subgroup consisting of Brumadinho and Fortunaalue of N stocks at a depth of 20 to 40 cm. When
de Minas, the second formed by Florestal and Trés Mariaginsidering the total stock of both depths, the most
and the third subgroup formed by the municipality oéfficient region for soil N sequestration, it was observed
Jeceaba which stands out from the other groupis. the Jeceaba region accumulating 8,2 Mg b&N,
Regarding management systems, the results for stockstdring 43% more N than the other regions.

C, N, and C/Ns ratio for pastures are showfaible 1. Values very close to those found in this work were

The high values of C stock for the depth of 0 to 20 cmbserved by Cardoso (2010) when evaluating the stocks
were observed in the region of Florestal, belonging to tted C and N in soils under native forests and pastures in
portion of the middle course of the rivat a depth of 20 the Pantanal biome, which observed an N stock with an
to 40 cm, the highest values of C stocks were found in theerage value of 3,7 to 5,3 Mghat 0 to 20 cm and 20 to
Brumadinho region, also belonging to the middle portiod0 cm layers, respectively
of the river According to Pulroniket al. (2009), this is because

plant residues deposited in the soil under natural
) ) ecosystems are mainly made up of organic substrates that
Table 1: Soil carbon and nitrogen stocks (Cs and Ns) and C-tqy iffiey1t to decompose, which contributes to increases

N ratio (C/Ns) in the pasture system at the 0-20 and 20-40 cm . . .
( ) P y in N stocks in the soil. The smallest N stocks observed in

depths the Trés Marias region may be related to the quality of
Depth (cm) pastures in the region, marked by compacted soils with
System® 0-20 evidence of advanced erosion levels.
C, N, CIN, It is worth mentioning that the undergrowth of the
Mg ha-t cerrado suffers eventual episodes of natural burning, with
PASJ 4247 b 297a 13,95bc fire being part of the processes occurring in samples from
PASB 43,70 b 2,55a 15,39b this region. The results obtained for the forest system in
PASFL 87,58 a 2,90a 20,80a the five studied regions are shown in table 2.
PASFM 15,38 b 1,87b 2,15d It is observed that the C stocks showed a significant
PASTM 39,90 b 305a 6,61c difference in the two layers (0 to 20 and 20 to 40 cm)
20-40 (TukeyP > 0.5), with the Fortuna de Minas region
PASJ 43,68 b 525a 8,79¢c presenting the highest values at two sampled layers,
PASB 53,73 a 4,24 a 12,09b having a total C stock of 411,5 Mghaequestering 77%
PASFL 27,73 ¢ 4,71a 28,13a more C than the other regions under stuithe forest
PASFM 735¢ 1,72b 2,41d sampled in this region was in excellent condition and with
PASTM 24,3d 4,30a 9,93c little anthropic interference.

@ System: RS: Pasture; J: Jeceaba; B: Brumadinho; FL: Florestal, The values of soil C stocks from the natural forest

FM: Fortuna de Minas; TM: Trés Marias. For the pasture syste . .
within each depth, the means followed by the same letter do rrl?értOm Fortuna de Minas were hlgher than an area under an

differ by Tukey’s test P > 0.05). Atlantic Forest fragment @sconcelost al, 2010), which
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was attributed to the greater contribution of organic mahat the forest, although it has a lower value of C stored in
terial on the soil surface, resulting from the fall of leaveshe soil, contributes to high values of stock in biomass.
branches, and bark of trees. Thus, a natural system in N stocks also showed a significant difference in the
balance gives the soil greater capacity to retain C. two sampled layersTgkey P> 0.5). It should be noted
The lowest values were found in the Trés Mariathat the Fortuna de Minas region had a higher N stock
region, which is fully inserted in the Cerrado biome. Reigalue in both the superficial and subsurface layers, thus
& Reis (1997) justifies that the low values may result frorpresenting a total stock of 18 Mghatoring approxima-
the fact that the Cerrado is characterized by small platiely 74% more nitrogen when compared to other regions.
species, returning smaller amounts of organic material kmwer results were found before the “Cdérrego do Feijao”
the topsoil, and, also, these species invest well part of #éam burst by Rangel & Silva (2007), which points out that
photoassimilates for the development of a deeper atite greater storage of C implies greater availability of N
thicker root system as a way to guarantee the absorptisince more than 95% of the N in the soil is present in
of water and nutrients to meet the plant demand, especiadigganic form. The highest C/N ratio calculated based on
during periods of drought. It is also worth mentioningsoil C and N stocks were found in the municipality of

Tree Diagram for5 Variables
Ward's method
(A) Euclidean distances

Jeceaba

Florestal

Tres Marias

Brumadinho

Fortuna de Minas

0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 45
Linkage Distance

Tree Diagram for5 Variables
Ward's method
(8) Euclidean distances

Jeceba

Brumadinho

Fortuna de Minas

Florestal

Trés Marias

1,0 16 2,0 25 3,0 35 4,0
Linkage Distance

Figure 2: Grouping by the minimum variance and Euclidean distance using multivariate analysis for the data set of the sampled
regions: a) dendrogram for C stocks, b) dendrogram for N stocks.
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Fortuna de Minas with values of 21 and 15 in the 0 to Z0ock of 12,6 Mg h4 resulting in an increase of 47% in
and 20 to 40 cm soil layers, respectively comparasion to others regions. It was observed that the
This high C/Nratio can be attributed to the coal formedowest values are found in the Fortuna de Minas region,
by constant fires events, especially in the middleith 2,7 Mg ha.
Paraopeba, where such practices are relatively common. This fact may be associated with greater mobility that
Dick et al.(2013) report that organic matter of pyrogenichis nutrient has in the soil. Besides, the lack of vegetation
origin is responsible for increasing the C/N ratio by up toover may have intensified its losses due to leaching,
80%. The lowest values are located in the Florestal regiomhich justifies the low values observed in this region.
with 12,2 in the superficial layer and 11,2 in the subsurface As for the C/Nratio, there was no statistical difference

layer in the 20 to 40 cm laygdifferent from the superficial layer
For the shrubbery forest system, the stocks of C, Mhere the highest values are allocated in the Fortuna de
and C/Nratio are shown in table 3. Minas region, with 38,5.

It is observed that the Brumadinho region had the These values differ from the results described in the
highest C stock values in both depths, presenting a toli#rature. Favareto (2000) when studying the effect of
C stock of 182,9 Mg hia sequestering about 39% more Qevegetation and fertilization of soils in degraded areas,
than the same system in the other regions. found values lower than those verified in the present work,

According to Rossatet al.(2007), high carbon stocks where the average soil C/N ratio at a depth of 0 to 20 cm
in revegetation areas are related to the rapid recovery of\@s 11,3. Mielniczuk (1999), in the work developed with
in the soils of these systems, which may reach, over tferage species in degraded areas, found a C/N ratio of
years, values close to those found in native forests. Fti2,1. The lowest values are located in the Florestal region,
regions where the values of C stocks were &swbserved with 12,2 in the superficial layer and 11,2 in the subsurface
in the municipality of Jeceaba, it is due to the low C/Nayer
ratio, which may have resulted in the rapid mineralization ) ] )
of organic material by microorganisms and with a Correlations be_tween SC_)'I chemical
consequent reduction in C input in the soil. and physical attributes

For N, no significant difference was observed for the The chemical and physical attributes of the soils
superficial layer (0 to 20 cm), howeyar the subsurface obtained for each management system were correlated
layer (20 to 40 cm), the largest stocks of N were found msing the simple correlation coefficieft € 0.05) which
the Florestal region. When considering the total stock @fe found in table 4.
both depths, the Brumadinho region was the most efficient The C stocks positively correlatel€ 0.05) with C#,
in sequestering C in the soil. It also presents a total 88, t, andT. For N stocks, a positive correlation was

observed with the variables €SB, and t. The significant

Table 2: Soil carbon and nitrogen stocks (Cs and Ns) and C-to-

N ratio (C/Ns) in the forest system at the 0-20 and 20-40 cm . )
Table 3:Soil carbon and nitrogen stocks (Cs and Ns) and C-to-

depths
N ratio (C/Ns) in the pasture system at the 0-20 and 20-40 cm
Depth (cm) depths

System® 0-20 Depth (cm)

C, N, CIN, System® 0-20

Mg ha-t C. N, CIN,
FJ 34,93 b 3,34 ab 12,31c Mg ha-t
FB 48,33 b 168c 10,68c SFJ 23,73d 1,29a 20,64b
FFL 40,88 b 3,09 bc 13,22b SFB 60,07 a 562a 21.96b
FFM 205,43 a 4,79 a 21,43a SFFL 48,55 b 397a 12.22b
FTM 80lc 2,24 be 3,56 SFFM 31,37 ¢ 0,91a 38,54a
20-40 20-40

FJ 41,11 b 3,28 ¢ 12,98 ab SFJ 39,36 ¢ 3,03 ab 19,98a
FB 66,30 ab 5,59 bc 11,85b
FFL 87,58 ab 8,74 b 10,02¢ SFB 122,78 a 7,.00a 9.31a
FEM 122,78 a 13,24 a 15,07a SFFL 80,92 b 7,24a 11,18a
FTM 33,79 b 421 c 8,03c SFFM 41,66 c 1,89b 22,08a

® System: F: Forest; J: Jeceaba; B: Brumadinho; FL: Florestal; FNH System: SF:Shrubbery forest; J: Jeceaba; B: Brumadinho; FL:
Fortuna de Minas; TM: Trés Marias. Means followed by the samElorestal; FM: Fortuna de Minas; TM: Trés Marias. Means followed
letter, within each depth of the soil and evaluated system, do nlby the same letter, within each soil depth and evaluated attribute,
differ by Tukey’s test P < 0.05). do not difer by Tukey’s test P < 0.05).
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Table 4 Pearsors correlation coditients among the soil attributgs

pH SOM C N CIN P K Ca®* Mg> AI* H+Al SB t T v m BD PT(%) C, N,  CIN,

pH 1 -002 -002 -002 -014017 -010 025 0729 -0,47* -0,58** 0,26 0,13 -0,18 0,39* -0,30 0,13 -0,01 -0,03 0,13 -0,32

SOM 1 0,57* 0,44* 0,03 055* 0,21 0,69* 025 -0,30 0,01 0,55* 0,59* 0,49* 0,44* -0,47* 0,38* -0,49* 0,48* 0,38* -0,05

c 1 0,70* 0,22 0,49% 0,47* 0,72* 0,34 -0,39 0,43* 0,63* 0,63** 0,85** 0,37* -0,65* 0,05 -0,11 0,77** 0,50** 0,23

N 1 -0,43* 0,22 0,43* 0552 030 -0,18 0,25 0,48* 053* 0,59* 0,32 0,42* 0,13 -0,03 0,51* 0,59** -0,19

CIN 1 006 006 001 -013 -021 037* -001 007 025 -012 -029 0,10 0,02 0,13 -0,28 0,62
P 1 -004 059* 027 -025 -0,18 0,50* 0,50 0,30 0,41* -0,31 0,38* -0,33 0,38* 0,23 0,01

K 1 035 040037 041* 042* 0,39* 0,66** 0,37* -0,57**-0,32 0,41* 0,11 -0,05 0,17

cea 1 0,71%-0,53* -0,15  0,95** 0,93** 0,70** 0,84** -0,74** 0,24 -0,17 0,74** 0,65** -0,06

Mg 1 -0,64* -0,39* 0,89** 0,85** 0,56** 0,89** -0,77**-0,09 0,27 0,31 0,39* -0,30

Al% 1 012 -0,56**-0,35 -0,37 -0,52* 0,76** 0,26 -0,33 -0,32 -0,14 -0,08
H+A 1 -020 -0,15 0,53*-043* -0,12 -0,16 0,04 0,17 -0,19 0,62*
SB 1 0,97* 0,71* 0,92*-0,81* 0,14 0,01 0,63* 0,59** -0,12

t 1 0,72* 0,89* -0,69** 0,19 -0,08 0,64** 0,65** -0,16

T 1 0,48 -0,74* 0,00 0,04 0,66*0,37* 0,33

v 1 -0,78* 0,17 0,07 0,39* 0,48 -0,28

m 1 010 -0,33 -050* -0,31 -0,12
BD 1 -0,52**0,26 0,19 0,04
PT(%) 1 -030 -0,33 0,09

C. 1 076" 0,22

N, 1 -040*

CIN, 1

® Variables: pH =Active Acidity, SOM = Soil oganic matterC = Carbon, N = Nitrogen,  Phosphorus, K = Potassium,?Ca Calcium, M§* = MagnesiumAl®* = Aluminum, H +Al = Exchangeable
Aluminum, SB = Sum of Bases, t =f&ftive Cation Exchange Capagilly = Total Cation Exchange Capacily = Saturation Bases, m = Saturatiéi®", BD = Bulk Density PT = Total Porosity C and
N, = soil C and N stocks, C/[N= C-to-N stock ratio. ** * Significant at 1 and 5% by t test.
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Supplementary material: Chemical analysis of soils in the five sampled regidns

Site Sample Depth SOM N P K Ca?* Mg# Al H+AI SB T \% m
Management cm dag kg? g kg? mg dn? cmoldm %
Jeceaba SHRUBBERY FOREST 0a20 1,86 4,36 2,81 3,3 78,7 1,65 1,61 0,88 7,55 3,47 4,3511,02 31,49 20,21
SHRUBBERY FOREST 20a40 1,68 5,3 1,7 2,84 78,7 2,81 2,15 0,15 4,65 5,16 531 9,81 52,61 2,85
FOREST 0az20 4,02 6,01 0,59 2,59 404 1,47 0,22 0,70 4,20 1,80 249 6 29,96 27,95
FOREST 20a40 1,82 7,23 1,25 1,04 21,3 1,14 0,09 0,70 3,45 1,29 1,9 4,74 27,19 35,1
PASTURE 0az20 322 4,14 1,22 1,48 37,3 0,88 0,97 1,00 6,95 1,95 2,95 8,9 21,88 33,94
PASTURE 20a40 1,78 4,02 1,04 0,67 11,8 0,63 0,45 0,97 4,50 1,11 2,08 561 19,74 46,71
Brumadinho SHRUBBERY FOREST 0a20 186 4,36 2,81 3,3 78,7 1,65 1,61 0,88 7,55 3,47 4,3511,02 31,49 20,21
SHRUBBERY FOREST 20a40 1,68 5,3 1,7 2,84 78,7 2,81 2,15 0,15 4,65 5,16 531 9,81 52,61 2,85
FOREST 0az20 4,02 6,01 0,59 2,59 404 1,47 0,22 0,70 4,20 1,80 249 6 29,96 27,95
FOREST 20a40 1,82 7,23 1,25 1,04 21,3 1,14 0,09 0,70 3,45 1,29 19 4,74 27,19 35,1
PASTURE 0az20 3,22 4,14 1,22 1,48 37,3 0,88 0,97 1,00 6,95 1,95 2,95 8,9 21,88 33,94
PASTURE 20a40 1,78 4,02 1,04 0,67 11,8 0,63 0,45 0,97 4,50 1,11 2,08 561 19,74 46,71
Fortuna de Minas SHRUBBERY FOREST 0a20 579 58 0,31 34,84 31,7 4,96 2,29 0,10 2,21 7,33 7,43 9,54 76,83 1,31
SHRUBBERY FOREST 20a40 5,85 5,29 0,38 7,79 31,5 6,00 2,36 0,10 2,69 8,44 8,5311,13 75,8 1,14
FOREST 0az20 2,08 5,48 1,57 1,69 20,8 0,33 0,00 0,23 1,35 0,38 0,61 1,73 2199 374
FOREST 20a40 1,45 5,44 2,25 1,84 9,7 0,11 0,00 0,29 1,41 0,13 0,42 1,54 8,55 69
PASTURE 0a20 059 6,34 0,83 1,78 8,0 0,25 0,64 0,00 3,18 0,91 0,91 4,09 2225 O
PASTURE 20a40 0,62 5,58 0,42 1,66 12,0 0,26 0,07 0,00 3,50 0,36 0,36 3,86 9,33 0
Florestal SHRUBBERY FOREST 0az20 352 4,29 1,67 2,54 59,6 1,85 1,04 0,20 5,85 3,04 3,24 8,89 34,22 6,08
SHRUBBERY FOREST 20a40 2,93 4,29 1,52 1,6 50,0 1,67 0,90 0,33 5,74 2,69 3,02 8,43 31,9 10,87
FOREST 0az20 3,17 457 1,39 1,69 78,7 1,81 0,69 0,43 6,60 2,70 3,12 9,3 29,02 13,65
FOREST 20a40 3,17 44 1,84 1,06 59,6 1,55 0,59 0,56 7,14 2,29 285 9,43 24,33 19,55
PASTURE 0a20 184 41 1,22 3,15 72,3 0,77 0,15 1,02 6,33 1,11 2,12 7,44 14,88 47,89
PASTURE 20a40 1,18 3,97 1,01 2,08 404 0,64 0,21 0,98 5,96 0,96 194 6,92 13,87 50,64
Trés Marias FOREST 0a20 4,02 453 0,87 2 50,0 0,53 0,47 1,17 3,66 1,13 2,30 4,79 2357 50,92
FOREST 20a40 1,82 4,27 0,8 0,8 12,7 0,36 0,42 1,53 2,80 0,82 2,35 3,62 22,65 65,08
PASTURE 0a20 3,22 4,44 1,18 1,3 35,6 1,24 0,54 1,04 2,37 1,87 291 4,24 441 35,76
PASTURE 20a40 1,78 4,19 0,87 1,78 10,4 0,64 0,69 2,28 3,12 1,35 3,63 4,47 30,23 62,74
Chemical characteristics: SOM = Soilganic matter = carbon content by té&lkey & Black method x factor 1.724; pH = soil ratio: water in the ratio 1: 2&ndPK = Mehlicht extractor; C&, Mg?*

andAl®* = KCI 1mol L* extractor; H +Al = 0.5 mol L* calcium acetate, pH 7.0; SB =*KCa&*, Mg?; t = SB +AI**; T = SB + (H +Al); V = (SB /T) x100; m = (A#* / t) x100.
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