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RESUMO

BALESTRIN, Diego, D.Sc., Universidade Federal de Vigosa, julho de 2018.
Fitossociologia e dinamica do solo e da paisagem em areas sob influéncia da
mineragdo de bauxita em Minas Gerais-Brasil Orientador: Sebastido Venancio
Martins.

Este estudo teve como objetivos avaliar a fitossociologia de duas areas mineradas com
diferentes idades e modelos de restauracao utilizados, relacionar a cobertura do dossel
com o banco de sementes do solo de uma area em processo de regeneracdo natural,
analisar a dinamica da paisagem, bem como, estimar a influéncia da mineragédo no
contexto da dindmica do solo através da modelagem de sedimentos em duas microbacias
na Zona da Mata Mineira. Para avaliacao fitossociologica das areas em restauracao, foi
realizado o inventério florestal tipo censo total, com identificacdo de todos os individuos
com CAP> 15cm para uma area minerada onde foi realizado o plantio de raadeR>

10cm para outra em regeneracao natural. No tocante a analise da relacdo do dossel com
0 banco de sementes, foram definidos 10 pontos onde foram tomadas fotografias do
dossel com uma camera digital NIKON D40X e lente de 8 Figh{ye sendo também
coletadas amostras de solo superficial com o auxilio de um gabarito de 45 x 29 x 5cm. A
analise da paisagem foi realizada levando em consideracdo uma série historica de 31 anos
(1985, 1995, 2005, 2010, 2016), sendo utilizadas imagens orbitais. Quaotelagem

da eroséo, esta foi estimada através da modelagem LAPSUS para duas microbacias de
influéncia direta da atividade de mineracdo. Como resultados, através dos estudos
fitossociolégicos, pode-se constatar que ambas as areas estdo cumprindo sua funcgéo
ecolégica no ambiente, sendo necesséria a intervencao através do enriguecimento em
diversidade apenas da area restaurada através da regeneracdo natural, estando também o
dossel influenciando na selecao e presenca de determinadas espécies presentes no banco
de sementes do solo. Quartandlise de paisagem, observou-se que a mineragao, no
contexto de paisagem, influenciou de forma positiva o aumento da cobertura florestal nas
regibes avaliadas, constatado também pela modelagem de solo, que revelou que a
atividade de maior impacto para a regido é a agropecuaria, devido ao predominio desta
classe perante as demais, além do estado atual das mesmas (geralmente degradadas).
Assim, pode-se concluir que, quando bem geridas e executadas as atividades de
restauracdo em ambientes minerados, estas podem produzir bons resultados e a atividade
se tornar sustentavel em termos ambientais.



ABSTRACT

BALESTRIN, Diego, D.Sc., Universidade Federal de Vigosa, July, 2018.
Phytosociology and dynamic of soil and landscape in areas under influence of
bauxite mining in Minas Gerais-Brazil. Advisor: Sebastido Venancio Martins.

This study aired to evaluate the phytosociology of the two mined areas with different
ages and restoration techniques used, relate the canopy coverage with the soil seed bank
in an area in process of natural regeneration, analyze the landscape dynamlicags we
estimate the mining influence in the soil dynamic context through the sedimentation
modeling in wo watersheds located in the Atlantic Rain Forest. The phytosociological
analysis was done through the forest inventory with identification of all individuals with
CAP> 15cm for a mined area where seedlings were planted_ad> 10cm for another

one in process of natral restoration. Regarding the relation between the canopy and the
seed bank, 10 points were defined to be took canopy pictures through the NIKON D40X
camera with fish-eye lens of 8mm. In these same points were collected superficial soil
with the use of a template of 45 x 29 x 5cm. The analysis of the landscape was done taking
into account a historical series of 31 years (1985, 1995, 2005, 2010, 2016), through the
use of satellite images. According the soil modelling, which was estimated through the
LAPSUS modelling, both watersheds with direct influence of the mining activities were
evaluated. As results, we can say that both evaluated areas are complying the ecological
functions in the environment. However, in the natural regeneration area the vegetal
enrichment is necessary to increase the local diversity. In addition, in this same area, we
verify the canopy influence over the selection and establishment of the species contained
in the soil seed bank. Regarding the landscape analysis, we can say that the mineral
exploration has positively influenced the increase of forest cover in the regions under
influence of this activity. It was confirmed by the soil modeling analysis, which presented
the largest impact agent in the region was the agriculture due to dominance of this class
of use and its current situation (degraded). Thus, we can conclude that, when well-
managed, monitored and executed the restoration projects in mined areas, it can produce
good results and the activity becomes sustainable.

Vi



1. INTRODUC}AO GERAL

O Brasil possui uma posicao de destaque na exploragéo, producao mineral e exportacao
de minérios, sendo estes encontrados ao longo do seu territério. Dentre 0s minerais metalicos
encontrados, que em 2015 representa76% do valor total da producdo mineral
comercializada, o aluminio, o cobosgstanhop ferro,0 manganésy niébio, o niqueko ourq
representaram 98,5% desta classe (DNPM, 2016).

Neste contexto, no Brasil, a bauxita, que é o minério a partir do qual se obtém o
aluminio, terceiro elemento em maior abundancia na crosta terrestre depois do oxigénio e
silicio, esta entre as maiores reservas do mundo, além de possuir uma excelente qualidade, com
teores superiores a 40% de@d. Nestas condi¢des, sdo necessarios 5 a 7 toneladas de bauxita
para produzir 2 toneladas de alumina (6xido de aluminio), que se convertem em 1 tonelada de
aluminio (ABAL, 2017).

Diante disto, para a exploracdo deste minério € necesséria a remocao da camada
superficial do solo (camada fértil), que produz algumas alteracées no ambiente (GUIMARAES
et al., 2012; SHEORAN et al., 2010; BARROS et al., 2012). Contudo, pelo fato deste minério
ser encontrado geralmente em camadas proximas a superficie de aftdoamentos na
superficie, além de depdsitos com camada de minério variando de 20 cm até 8 m e tamanho
reduzido do corpo do minério, sendo esta Ultima caracteristica variavel de acordo com a
formacao geologica (ABAL, 2017), os impactos produzidos podem ser melhor controlados e
geridos de forma que a recuperacao das areas mineradas seja relativamente rapida.

Assim, apds o processo de lavra, as empresas tém o compromisso de recuperar as areas
mineradas, ndo s para atender as exigéncias ambientais definidas nos licenciamentos, mas
como um compromisso com as futuras geracbfes e bem-estar social em vista do
desenvolvimento sustentavel da atividade. Neste sentido, a fim de acelerar o processo de
restauracao ecoldgica nestes ambientes, que segu8doiety for Ecological Restoration
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(SER, 2005), envolve a ciéncia, préatica e arte de assistir e manejar a recuperacao dalategrid
ecoldgica dos ecossistemas a um nivel minimo de biodiversidade, estrutura e funcionamento
dos processos ecoldgicos e suas interagfes, torna-se necessario a definicdo de técnicas ds
restauracao de acordo com cada situagao verificada.

Contudo, nao existe unieeceita universéalque possa ser utilizada de modo geral em
todas as areas degradadas (MARTINS, 2018), até porque, cada area sofre influéncia variada de
diversos elementos/agentes internos e externos, dentre eles: clima e microclima (BIZUTI, et al.
2016); paisagem (usos do solo, fragmentacdo, grau de isolamento, tamanho e forma dos
remanescentes florestais); relevo; biodiversidade (fauna e; florgdlitude e frequéncia do
impacto produzido (VIANA e PINHEIRO, 1988; METZGER, 2001,20CALEGARI et al.

2010; MARTINS, 2012); resiliéncia (MARTINS, 2012, 2018entre outros fatores que atuam
direta ou indiretamente na area.

Assim, como bem salientado por MARTINS (2018), torna-se necesséario adaptar os
projetos de restauracéo florestal aos variados filtros ambientais regionais e suas possibilidades
paisagisticas, que podem colaborar ou interferir no avanco do processo ecoldgico. Neste
sentido, o uso de diferentes modelos ou técnicas alternativas de restauracdo (nucleos de
diversidade, transposicdo de serapilheira, banco de sementes, poleiros, etc), podem ser
utilizadas em conjunto ou como substituicdo de um padréo tradicional pouco flexivel, mas
claro, desde que as condi¢des do ambiente, potencialidades e caracteristicas da area permitarn
tal flexibilizacao.

Diante disto, o processo de analise de determinado ambiente que esta em processo de
restauracdo, envolve a avaliagcdo de variados indicadores, tais como: estudos fitossociol6gicos
de identificacdo das espécies, andlise do dossel, regeneracdo natural, banco de sementes, banc
de plantulas, chuva de sementes, presenca de espécies invasoras e/oleaxatidasamica

ao logo do tempo, dentre outros indicadores (MARTINS, 2012). Tais conhecimentos



possibilitam o melhor entendimento das func¢des ecolégicas desempenhadas por cada espécie
na reconstrucdo dos ecossistemas degradados e teen@mimportante subsidio para definir

a composicao de espécies de plantios de recomposicao florestal (GANDOLFI et alqu2009)
utilizacdo em outras técnicas.

Neste sentido, este estudo teve como objetivos, avaliar a fitossociologia de duas areas
em processo de restauracao com diferentes idades e técnicas utilizadas, realizar a modelagem
da erosao e dindmica da paisagem nas areas sob influéncia da mineracdo de bauxita, além de
analisar a relacao existente entre o dossel e o banco de sementes do solo em uma area minerad
em processo de regeneracao natural.

Com vistas a induzir melhor compreenséo, este estudo esta organizado em seis artigos
a saber: 1) Phytosociological study to define restoration measures in a mined area in Minas
Gerais, Brazil; 2) Phytosociological study to evaluate the efficiency of the restoration measures
in a mined area located in Minas Gerais-Brazil; 3) Restoration of mining areas: modelling on-
and offsite effects of soil redistribution in a watershed located in Descoberto, Minas Gerais,
Brazil; 4) Soil modelling to evaluate the mining influence under a watershed located in Minas
Gerais-Brazil; 5) Banco de sementes e sua relacdo com o dossel em uma area;rBjnerada

Dindmica da paisagem em duas regifes de exploracdo mineral em Minas Gerais-Brasil.
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2. ARTIGO 1 - PHYTOSOCIOLOGICAL STUDY TO DEFINE
RESTORATION MEASURES IN A MINED AREA IN MINAS
GERAIS, BRAZIL

ABSTRACT: In this study we describe a case study to evaluate the floristic diversity and the
soil conditions of post mined area, currently under 14-years of restoration. The study area is
located in the municipality of Descoberto, Minas Gerais State, Brazil, and has one hectare in
the process of restoration through the planting of seedlings. The forest inventory of all
individuals with Circumference at Breast Height (CBH) > 15 cm was carried out and the
phytosociological parameters were evaluated. The study area shows a high floristic diversity
H’= 3,258 as well as equability (J = 0,783), evidencing that the study area is floristically
heterogeneous and has low ecological dominance. In addition, this area presented floristic
similarity to other restored areas that were already in a more advanced restoration process.
Considering soil quality, the restored study area shows higher levels of cation exchange
capacity (t), approximate sum base values (SB) and base saturation (V) than those verified in
nearby areas. Evaluating the successional characteristics (greater presence of individuals of
secondary succession) and the domain of species with dispersion by animals, we can infer that
the area is in an advanced stage of restoration, as well as performing its environmental and
social functions. Thus, we can conclude that the restoration of mined areas is feasible when the
restoration techniques are applied correctly. Furthermore, we can say that these successful
restoration measures are improving the environmental sustainability and helping considerably

the recovery of losses caused by mining.

Keywords: Mining, environmental restoration, sustainability.

1. INTRODUCTION

Brazil has an important position in the production and exploitation of mineral reserves
that exist within its territory. Not only it generates important revenues for the country, but also
provides employment for the communities around the mining area and prahwtegjional
development. In this sense, the Southeast of Brazil, more specifically the state of Minas Gerais,
concentrates the most of the country’s jallated to the mining sector (31%). Besides, it has
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the largest revenues of Financial Compensation for the Exploitation of Resources (CFEM), with
a percentage of 44.1% (DNPM, 2017).

Bauxite is an important ore and the third element in greatest abundance in the earth's
crust (ABAL, 2017). This mineral is found in high quality and quantity in Brazilian reserves,
and its exploitation resides on the fact that it is feedstock to alumina and primary aluminum
production, besides some chemical products and non-metallurgical uses that have a
considerable importance in this sector as well (IBRAM, 2015).

As this mineral is to be found in layers near the soil surface, its exploitation requires the
removal of the topsoil (fertile layer), which generates some changes in the environment
(Moreira, 2004; Silva, 2007; Sheoran et al., 2010; Guimaraes et al,, Maitirano, 2012;

Barros et al., 203Z5uimarées et al., 2012; Henriques et al., 2015; Fengler et al., 2017), even
if these activities do not take larger territorial ranges (Reis, 2006).

In this sense, the choice of efficient techniques of restoration performs an important role
in support to return the ecological functions that were previously present, even though it is
unable to reconstruct the former ecosystem (Yong-Geng and Gao-Ming, 2004). However, it is
not an easy task, because the restoration process includes, and is under the influence of, the
edaphic, topographic and neighbourhood variables (landscape), besides others direct and
indirect agents.

Thus, the seek for a better comprehension of the relationship between the ecological and
restoration processes are the basis to take the best decision and define the methodologies that
can be used in restoration projects. In this perspective, phytosociological studies are necessary
to generate information and can be used to compare different situations and areas. As a result,
it allows the identification of agents that cause negative impacts on the restoration process and

can help to define measures to control its damages.



In order to generate good results in the smallest time possible, the restoration process of
mined areas, needs a larger amount of studies and development and/or adaptation of techniques
to make the activities involved more effective and less onerous. Thus, this study aimed to
evaluate the phytosociology of one mined area after fourteen years of restoration process

through planting of seedlings and analyse the vegetational dynamics in this area.

2. MATERIAL AND METHODS
2.1. Study location

The study area is located in the Descoberto municip@lit25°35” S ¢ 42°56°08” W),

Minas Gerais-Brazil, with an elevation from 283 to 1381 m (USGS, 2000). The climatic
classification for this region is type Aw, tropical with dry winter (Képpen, 1948). In addition,
the annual average rainfall is around 1300 mm, with the rainy season from November to April
and the dry season from May to October (Lopes and Branquinho, 1988).

The natural vegetation in the region is classified as Semi-Deciduous Seasonal Forest
and is under the biome Atlantic Forest (Veloso et al., 1991; IBGE, 2012). The soils of the
watershed are classified as Ferralsols and Cambisols (IUSS Working Group WRB, 2015), being
the current land use composed of native patches, pastures, tillage and areas in different process
of the restoration with different stages of development.

This study was conducted in a small area in the process of restoration after the bauxite
exploitation by Votorantim Metais Company. The study site has a surface area of one hectare
and the start of the restoration by planting of seedlings was done in 2003, Consequently the

current study was carried out fourteen years after its first implementation (Figure 1).
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Figure 1: Location of the study area (highlighted).

Prior to the planting of the first seedlings, a topographic reconstruction, ants combat,
correction of the soil acidity and phosphate fertilization was performed in the whole area.
Furthermore, seedlings of species with different successional characteristics and spacing of
planting of 1,0x1,0 meters and then coverage fertilization around each seedling were employed.
2.2. Floristic evaluation

The forest inventory of all tree individuals with Circumference at Breast Height (CBH)
> 15 cm was carried out and then calculated the phytosociological parameters (density and
dominance relative, coverage value) and diversity index of the vegetal community (Shannon-
Wiener and equability) through the software Fitopac 2.1. All the individuals were classified in
families and scientific nomenclature according to Angiosperm Phylogeny Group (APG llI,
2009) and the floristic information was taken from website The Plant List (The Plant List,

2016).



Furthermore, the species found were classified in successional categories (SC)
according to Budowski (1965) and adapted by Gandolfi et al., (1995) for Brazilian secondary
forests in: pioneers (P); early secondary (ES); late secondary (LS) and non-classified (NC).
Considering the dispersal syndrome (DS), the species were classified, according to Pijl (1982)
in: dispersal by animals (ZOO); dispersal by wind (ANE); self-dispersal (AUTO) and non-
classified (NC).

2.3. Soil analysis

The soil chemical and physical analysis in the study area was performed by obtaining
thirty soil samples points, randomly collected in the whole area of interest. By the fact that was
done the topographic reconstruction and consequently used the topsoil previously taken from
the area, the soil samples reflected the soil characteristics of this superficial layer tlisd by
reason, the thirty samples obtained were mixed and generated only one composite sample.

Thus, the sampling was carried out through the use of soil augering in the layer from 0
to 20 cm. The composite sample was sent to Soil Laboratory of the Universidade Federal de
Vicosa to analyze the chemical characteristics. Subsequently, the results were interpreted
according to the Recommendation Guide for correctives and fertilizers of Minas Gerais
(CFSEMG, 1999).

2.4. Processing and data collection

In order to analyse the phytosociological data, the software FITOPAC 2.1 was applied,
Shepherd (2010), to evaluate the horizontal structure through density and dominance
parameters. In addition, we calculated the coverage value, Shannon diversity index (H") and
equability index (J°).

In relation to diversity increase along the restoration process, the floristic diversity was
evaluated for fourteen years. For this, we related the floristic data of the implantation project

(Table 1) and the forest inventory done fourteen years later.
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Table 1: List of species planted in the company's area after bauxite mining in 2003.

FAMILY / SPECIES SC DS
Achariaceae

Carpotroche brasiliensiRaddi)A Gray LS Z00
Arecaceae

Euterpe edulidart. LS Z00

Syagrus romanzoffian&pam.) Glassman ES zOO
Bignoniaceae

Handroanthus heptaphyllu¥ell.) Mattos LS ANE

Zeyheria tuberculoséVell.) Bureau ex Verl. ES ANE

Sparattosperma leucanthufviell.) K.Schum. ES ANE
Cannabaceae

Trema micranthdL.) Blume P Z00
Chrysobalanaceae

Licania tomentoséBenth.) Fritsch ES ZzZOO
Euphorbiaceae

Joannesia princep¥ell. ES AUTO/ZOO
Fabaceae

Anadenanthera peregrin@..) Speg. ES ANE

Cassia ferruginedSchrad.) Schrad. ex DC. ES AUTO

Clitoria fairchildiana R.A.Howard ES AUTO

Dalbergia nigra(Vell.) Allem&o ex Benth. ES ANE

Hymenaea courbaril. LS Z00

Inga veraWwilld. ES ZzZO0O

Senna multijugdRich.) H.S.Irwin & Barneby ES AUTO

Senna macranther@dDC. ex Collad.) H.S.Irwin & Barneby P AUTO/ZOO

Plathymenia reticulat®enth. ES ANE

Piptadenea gonoacantiiart.) J. F. Macbr ES AUTO

Poincianella pluviosgDC.) L.P. Queiroz ES AUTO

Anadenanthera colubriné/ell.) Brenan ES ANE

Cassia grandid.. f. ES ANE

Platypodium elegangogel ES ANE
Lecythidaceae

Cariniana estrellensigRaddi) Kuntze LS ANE
Malpighiaceae

Lophanthera lactescenducke LS NC
Malvaceae

Luehea grandifloraMart. & Zucc. ES ANE
Melastomataceae

Tibouchina granuloséDesr.) Cogn. P ANE
Meliaceae

Cedrela fissilisvell. LS ANE

Guarea guidonigL.) Sleumer LS Z00
Moraceae

Artocarpus heterophyllusam. NC zOO
Myrtaceae

Eugenia floridaDC. LS Z00

Myrcia splendengSw.) DC. ES ZzZO0O

Syzygium cumir(L.) Skeels P Z00

Psidium guajava.. P Z00
Phytolaccaceae

Gallesia integrifolia(Spreng.) Harms ES z0OO
Rubiaceae

Genipa americana. LS Z00
Urticaceae

Cecropia glazioviiSnethl. P Z00

Where: CS: Successional Category (P: Pioneer, ES: Early Secondary, LS: LatdaB@¢dSD: Dispersal
Syndrome (Ane: dispersal by wind, Zoo: dispersal by animals, Aufediselersal, Nc: Non-classifieghuto/Zoo:
Primary dispersal by self-dispersal and secondary dispersal by animals.
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In addition, the floristic similarity between the seed bank and natural regeneration was
analysed, according to studies carried out by Miranda-Neto et al., (2014; 2017), and then
compared to the current forest inventory. The Jaccard similarity index (Mueller-Dombois e
Ellenberg, 1974) was selected to measure the floristic similarity between the communities, and
using the Unweighted Pair Group Method employing Arithmetic averages (UPGMA) to make
the arrangements and generate the dendrograms.

In order to identify possible patterns and relate the results found, other floristic studies
of restored and natural areas in the region were compared. For this, a network data analysis to
relate all the floristic studies was elaborated (Chart 2) and then, they were transformed into one
binary matrix of the vegetal species to be evaluated.

Chart 2: Description and characterization of the studies areas used to compare the floristic

similarity.

- Type of . .

Description of the areas restoration Location Type of vegetation Autors
Silvicultura Forest (40 Plant||ng of the . Seasonal Semideciduo| Miranda-Neto
ears of restoration)-SlI seedlings and_ VigosaMG Forest et al. (2012)

y —| natural regeneratio '

Camargos Hydroelectriq . S .

Planting of the . Seasonal Semideciduo| Ferreira et al.
power plant (12 years o f Itutinga-MG
restoration)-H_CA seedlings Forest (2007)

Bras Pires (20 years po Natural Bras Pires- | Seasonal Semideciduo| Araujo et al.
Caulim mining)BR_P regeneration MG Forest (2005)
Palmital Farm (15 years Sy .

) Natural . Seasonal Semideciduo| Ribas et al.

of naturaFI) Xeg[fneratlon) regeneration VigcosaMG Forest (2003)
Rosana Hydroelectric Planting of the Seasonal Semideciduo
power plant (10 years o 9 PrimaveraSP Souza (2000)

. seedlings Forest
restoration)-H_SP
Biologia Forest (62 year Natural VicosaMG Semideciduous Seasor, Paula et al.
of restoration)Bl_F regeneration ¢ Forest Montana (2002)
Pedreira Forest (42 yea Natural VicosaMG Seasonal Semideciduo| Marangon et al
of restoration)-PE_F regeneration & Forest (2007)
Paraiso Forest-early — .
) Natural . Seasonal Semideciduo| Pinto et al.
succession (40 years o . VicosaMG
restoration)-PA_E regeneration Forest (2007)
Paraiso Forest-advance L .
. Natural . Seasonal Semideciduo| Pinto et al.
succession (40 years o . VicosaMG
restoration)PA,_A regeneration Forest (2007)
This study (14 years of|  Planting of the Descoberto-| Semideciduous Seasor| Current stud
restoration)-CURR seedlings MG Forest Montana y
Continua...
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Itamarati (12 years pos{  Planting of the Itamarati de | Semideciduous Seasorf Demolinari
Bauxite mining)-IT_R seedlings Minas-MG Forest Montana (2013)
Itamarati (Native Forest) Native Forest Itamarati de | Semideciduous Seasorl Demolinari

IT_N MinasMG Forest Montana (2013)

In order to realize the analyses and statistical evaluation, the software R was used (R

Core Team, 2016), through the Vegan package (Oksanen et al., 2016).

3. RESULTS

In the floristic survey, 1664 individuals, including 64 species and 23 botanical families
were found. These values are 42.2% and 26.1% larger, on the level of species and families
respectively, than those observed in the implantation of the project (see Table 3).

Table 3: Floristic list of the species found in the study area during the deployment restoration
phase and 14 years after the mining and restoration process.

RESTORATION
Family / Species PLANTI NG (14 years) SC DS

Achariaceae
Carpotroche brasiliensiRaddi) A Gray X LS Z00
Anacardiaceae

Astronium fraxinifoliumSchott X LS ANE

Mangifera indical. X NC NC

Spondias mombih. X P Z00
Annonaceae

Annona cacangVarm. X LS Z00

Xylopia sericed. St-Hil. X ES Z00
Arecaceae

Euterpe edulidviart. X X LS Z00

Syagrus romanzoffian@ham.) Glassman X ES Z00
Asteraceae

Piptocarpha macropodéDC.) Baker X P ANE

Vernonanthura difusélLess.) H. Rob. X P ANE
Bignoniaceae

Handroanthus heptaphylly¥ell.) Mattos X LS ANE

Jacaranda micrant€ham. X ES ANE

Sparattosperma leucanthufvell.) K.Schum. X ES ANE

Handroanthus chrysotrichu®lart. ex DC.) Mattos X =) ANE

Zeyheria tuberculoséVell.) Bureau ex Verl. X X ES ANE
Cannabaceae

Trema micrantgL.) Blume X X P Z00
Chrysobalanaceae

Licania sp X NC NC

Licania tomentoséBenth.) Fritsch X X ES Z00
Dicksoniaceae

Indeterminada 2 X NC NC

Continua...
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Euphorbiaceae

Alchornea glandulos&oepp. X P Z00
Aparisthmium cordaturfA.Juss.) Baill. X ES Z00
Croton urucuranaBaill. X P AUTO
Joannesia princepgell. X X ES AUTO
Mabea fistuliferaMart. X ES AUTO
Maprounea guianensisubl. X ES AUTO
Fabaceae
Anadenanthera colubrin@/ell.) Brenan X ES ANE
Anadenanthera peregrin@..) Speg. X X ES ANE
Apuleia leiocarpgVogel) J.F.Macbr. X ES ANE
Cassia ferruginedSchrad.) Schrad. ex DC. X ES AUTO
Cassia grandid.. f. X X ES AUTO
Clitoria fairchildiana R.A.Howard X X ES AUTO
Dalbergia nigra(Vell.) Benth. X X ES ANE
Enterolobium contortisiliquunfvell.) Morong X P Z00
Hymenaea courbaril. X X LS Z00
Inga laurina(Sw.) Willd. X ES Z00
Inga veraWwilld. X X ES Z00
Libidibia férrea(Mart. ex Tul.) L.P.Queiroz X ES AUTO
Lonchocarpus muehlbergiantitassl. X ES ANE
Machaerium nyctitanévell.) Benth. X ES ANE
Peltophorum dubiuniSpreng.) Taub. X ES ANE
Piptadenia gonoacanth@art.) J.F.Macbr. X X ES ANE
Plathymenia reticulat®enth. X ES ANE
Platypodium elegangogel X ES ANE
Poincianella pluviosgdDC.) L.P. Queiroz X X ES AUTO
Schizolobium parahyb@/ell.) S.F.Blake X P ANE
Senegalia polyphyll@DC.) Britton & Killip X P AUTO
Senna macranthergCollad.) H.S.Irwin & Barneby X X P AUTO/ZOO0O
Senna multijugdRich.) H.S.Irwin & Barneby X X ES AUTO
Indeterminada
Indeterminada 1 X NC NC
Lamiaceae
Aegiphila sellowiana&Cham. X ES Z00
Lecythidaceae
Cariniana estrellensi¢Raddi) Kuntze X LS ANE
Cariniana legalis(Mart.) Kuntze X LS ANE
Malpighiaceae
Lophanthera lactescerducke X LS NC
Malvaceae
Luehea grandifloraart. X X ES ANE
Pseudobombax grandiflorugCav.) A.Robyns X P ANE
Melastomataceae
Miconia cabuctHoehne X P Z00
Miconia cinnamomifoligDC.) Naudin X P Z00
Tibouchina granuloséDesr.) Cogn. X X P ANE
Meliaceae
Cabralea canjeran&aldanha X ES Z00
Cedrela fissilisvell. X X LS ANE
Guarea guidonigL.) Sleumer X X LS Z00
Guarea kunthiana.Juss. X LS Z00
Continua...
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Trichilia lepidotaMart. X LS Z00
Moraceae

Artocarpus heterophyllusam. X X NC Z00
Myrtaceae

Eugenia floridaDC. X LS Z00

Myrcia fallax (Rich.) DC. X ES Z00

Myrcia splendengSw.) DC. X ES Z00

Psidium guajava.. X P Z00

Syzygium cumir(L.) Skeels X X P Z00
Phytolaccaceae

Gallesia integrifolia(Spreng.) Harms X ES Z00
Primulaceae

Myrsine ferruginedRuiz & Pav.) Spreng X P Z00
Rubiaceae

Genipa americané. X LS Z00
Rutaceae

Dictyoloma vandellianum. Juss. X P ANE

Zanthoxylum rhoifoliunbam. X P Z00
Salicaceae

Casearia gossypiospernigxiq. X LS Z00
Solanaceae

Solanum cernuurdell. X P Z00

Solanum swartzianufRoem. & Schult. X P Z00
Urticaceae

Cecropia glazioviiSnethl. X X P Z00

Cecropia hololeuciqg. X P Z00

Where = CS: Sucessional categories (P = pioneer, ES = Early secdrfflaryLate secondary, NC = non-classified); SD:
Dispersal sindrom (Zoo = Dispersal by animals; Ane = Dispersal by wind; A8elf-dispersal e NC = non-classified)
Auto/Zoo: Primary dispersal by self-dispersal and secondary disperaalrbgls.

According to Table 3, 29.7% of all the species found in the study area belong to the
Fabacea family, demonstrating the largest floristic diversity. Other families, showing a good
representability in the restored area, were the Euphorbiaceae and Meliaceae families, with 9.3%
and 7.8%, respectively.

When comparing the dynamic and characteristics of the vegetal individuals after 14
years of restoration, we realized that, excluding the amount of the species belongs to late
secondary, which kept constant in both situations, there was a considerable improvement in the
floristic conditions (see Figure 2).

Regarding the distribution of the species into successional characteristics, the early
secondary species showed predominance over the others (40.6%), followed by pioneers

(35.9%), bringing the total to 76.5% of the whole sampled population. Furthermore, most of
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the species found in the study area showed dispersal by animals (48.4%), followed by those

with dispersal by wind31.2%).

Floristic Dynamics of the study area
70
60 |
50 |
40 |
30 |
ol l-l -I l-I -I
o | ol a
0o *t = =
Ne sp. Ne p ES LS Z00 ANE AUTO
families
m Planting 14 years restoration

Figure 2: Floristic dynamics 14 years after the planting of seedlings.

Where: N° sp.: Number of species; N° families: Number of families; P:bluwf Pioneer species; ES: Number of Early
Secondary species; LS: Number of Late Secondary species; ZOO: Nurspeciek dispersed by animals; ANE: Number of
species dispersed by wind; AUTO: Number of species dispersed by themselves.

In relation to phytosociological parameters of the community, for the botanical families
found in this survey (Table 4), the Fabaceae family presented the largest coverage value (CV),
representing a percentage of 61.9% of the whole community. Thus, we may infer that this
family shows a good development/adaptation, growth and biomass accumulation in this former
mined area. In addition, this family helps in the restoration of soil properties through the fixation
of nitrogen.

Table 4: Phytosociological parameters of the botanical families found in the study area
after ending the mining exploitation and 14 years of restoration.

Families N° Ind N° sp Rel.De. Rel.Do. CV%
Fabaceae 1071 19 64,36 59,56 61,96
Euphorbiaceae 116 6 6,97 11,31 9,14
Urticaceae 131 2 7,87 10,36 9,115
Asteraceae 99 2 5,95 9,87 7,91
Anacardiaceae a7 3 2,82 1,14 1,98
Melastomataceae 28 3 1,68 1,93 1,805
Myrtaceae 31 2 1,86 1,29 1,575
Moraceae 20 1 1,2 1,16 1,18
Indetermined 1 20 1 1,2 0,65 0,925
Bignoniaceae 21 3 1,26 0,38 0,82
Continua...
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Meliaceae 18 5 1,08 0,49 0,785
Malvaceae 16 2 0,96 0,58 0,77
Chrysobalanaceae 17 2 1,02 0,24 0,63
Arecaceae 10 1 0,6 0,24 0,42
Primulaceae 3 1 0,18 0,09 0,135
Annonaceae 4 2 0,24 0,38 0,31
Solanaceae 3 2 0,18 0,06 0,12
Lamiaceae 1 1 0,06 0,13 0,095
Rutaceae 2 2 0,12 0,04 0,08
Lecythidaceae 2 1 0,12 0,03 0,075
Salicaceae 2 1 0,12 0,03 0,075
Indetermined 2 1 1 0,06 0,04 0,05
Cannabaceae 1 1 0,06 0,03 0,045

Where: N° ind: Number of the individuals; N° sp: Number of the speBiekDe.: Relative density; Rel.Do.: Relative
dominance; VC%: Coverage value.

Moreover, the species that presented the largest CV wesalenanthera peregrina
(13.9%), Cecropia hololeuca8%), Inga vera(7.9%), Hymenaea coubari(7.3%), Croton
urucurana(6.7%),Schizolobium parahybg.6%),Piptocarpha macropodéb.4%) andSenna
multijuga (5%).

The density of the individuals in the study area was 1664 idddiging a Shannon
Wiener diversity index of (H’) = 3.258, evidencing a large floristic diversity in this area. The
equability (J’), which was calculated through the Pielou index, was 0.783, evidencing a large
diversity in the community.

When comparing the seed bank (SE_B), natural regeneration (NA_R), the species used
in the restoration project (PL_SE) and the current forest inventory (CURR), it was verified a
greater similarity between CURR and PL_SE. In addition, it was also verified the similarity
between the aforementioned group with NA_R, which evidenced the high correlation between
the different levels of the vegetal establishment (see Figure 3).

In other way, the results found in the seed bank presented a low similarity with the
others. It can be explained by the fact that the composition of the seed bank is, in general, of
pioneer species and with different characteristics from those found in advanced levels in the

forest structure.
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Cluster Dendrogram (UPGMA)
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Figure 3: Dendrogram presenting the floristic similarity between the studies realized irathe are
by Miranda-Neto et al. (2014; 2017).

In the same way, when analyzing the floristic similarity between the current study and
others performed in the region (see Table 2), it was possible to verify that neither of the
evaluated studies showed a high floristic similarity to each other (Figure 4). In addition, the
groups that present certain similarity between each other, had the characteristic of being located
in areas geographically close to each other (PA_E and PA_A; IT_R and IT_N), which are

located in Vicosa and Itamarati de Minas respectively.
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Figure 4: Floristic similarity between different studies carried out in region.

This characteristic was also reported by Rodrigues and Nave (2000), who found that
when one same forest type is analysed within nearby areas located in the same watershed, the
floristic similarity values are generally high.

Regarding our study area, it presented greater floristic similarity with two other areas,
namely “BR P” and “PA_F”. The first one was also previously used for mining (Caulim
exploitation), with 20 years of natural regeneration, while the second area presented 15 years
of natural regeneration after different disturbs (deforestation and burning).

In the face of soil characteristics verified in the soil sample collected, the interpretation,
which was based in the Recommendation Guide for correctives and fertilizers of Minas Gerais
(CFSEMG, 1999), showed a low level of the acidification/basic soil (pB=H4,74);
intermediate Organic Matter content (MO= 3.69); very low Sum of Bases (SB= 0.44); good
Cation Exchange Capacity (t= 7.84) and a very low Base Saturation (V= 5.6)saoil tfiehart

5).
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Chart 5: Chemical characteristics of the soil in study area of Descoberto-MG.

Chemical soil analysis

N-total | pH P ‘ K Ca2+‘ Mg2+ ‘ H+AI ‘ SB ‘ t V] MO | Cu ‘ Mn ‘ Fe ‘ Zn
(dag/Kg) | (H20) (mg/dm3) | = - (cmolc/dm3)------ % | (dag/Kg) ----(mg/dm3)----

0,139 | 474 | 05]19] 028] 0,11 ] 7.4 |0.44]784|56] 369 |1,99]194]323]756

In order to evaluate the soil chemical dynamics, we compare the information found in
the study area with the study performed by Demolinari (2013), located near our study area in
the municipally of Itamarati de Minas-MG. In this way we compare the chemical characteristics
of soils in a native forest and a restored area, 12 years post mining. Considering acidification,
it was observed that the pH® remained high in both situations, what might be a natural
characteristic of the soils in this region.

The same pattern was observed for V(%), that also was classified as low to both
situations, as well as SB that was classified as very low and low for native and restored forests,
respectively. Regarding the t parameter, it was observed that the native and restored forest
presented low to median values, respectively, being the values from our current study higher

than both the previously cited studies.

4- DISCUSSION
The diversity index verified in our study area (H’= 3.25) is similar to those found in

well conserved native forests (Silva et al. 2004; Higuchi et al. 2006; Miranda-Neto et al. 2012),
demonstrating that this area has a good structure and high floristic diversity, and does not need
longer interventions to help in successional development. Moreover, according to surveys
performed by Demolinari (2013) in native forest and forest in process of restoration situated
close to our study area, there were found smaller amounts of species than those found in the
current study, besides a same presence pattern of the Fabaceae family in both vegetal

communities.
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Other attribute that allow us to prove the increase in the ecological characteristics and
the environmental gains were the improvement of the individuals inserted in the secondary
successional level and the dominance of the vegetal species with dispersal by animals. It
indicates a high flow of the fauna and presence of food resources in the area, as also observed
by Rech et al., (2015) in the evaluation of a degraded area in Santa Catarina/Brazil.

When analysing the floristic diversity between the different levels of vegetal
establishment in the study area (see Figure 3), we can realize the high relationship between the
species used in the restoration project and the current inventory. It evidences the importance of
the correct choose of the species for the restoration process (species permanence and
development along of the restoration process), which together with the correct techniques
applied, can to determine the success or not of the restoration process.

It was also observed by Koch (2007), who presented in a research done in South Western
Australia (bauxite mining), that the choice of the appropriate plant species, soil return methods,
techniques to incentive the fauna return among others, presented significant improvements in
rehabilitation of mined areas. Similar perspectives were observed by Josa et al. (201R) throug
the relationship between soil-water and plant, and Bradshaw (1997) who presented the potential
of some plants to improve the soil conditions and consequently the ecological functions.

On the other hand, the similarity division between the seed bank and the natural
regeneration, both evaluated 10 years post the planting of seedlings, represent the great
variability between these different environments. It might be explained by the influence of
environmental characteristics, species adaptability, climatic conditions, that influence in the
vegetation establishment in each environment.

However, even though they do not even present a high floristic similarity (no high values

between the connections), the results present a notable differentiation between the levels
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compared (structural differences), inferring that these are produced by the different levels of
insertion and environment characteristics from each level.

According the comparison with other researches, similarities were observed with other
studies carried out with longer natural regeneration time after the mining process and vegetal
succession in the same region (Bras Pires-MG), or natural regeneration (Sitio Palmital). It
allows us to classify this study area as an advanced forest, well-structured and with a large
floristic composition.

Regarding the soil characteristics, through the chemical parameters we can say that, in
general, the soil in the study area presents similar levels to those observed in original soils in
the region under different uses. Moreover, it was observed that some soil chemical parameter
values found in our study area, were higher than those verified in the natural area (i.e. t and pH-
H20). The good thing is that these elements are directly and positively related to the availability
of nutrients to the plants.

Thus, we can say that despite the low levels of some chemical elements in soils of the
study area, their levels are considered normal according to the regional soil characteristics, and

in general they tend to improve even further during the evolution of the restoration process.

5- CONCLUSION

In the face of the results presented, we can conclude that the restoration in bauxite mined
areas, when performed correctly and involving the most possible environmental characteristics,
in addition to the particularities from each area, make feasible the restoration process and
generate good results. Moreover, we might say that this area is contributing to environmental
sustainability, producing vegetal communities with large diversity and complying with the
ecological and social functions.

In this sense, the analysis and evaluation of restored areas for longer periods is important

to verify the success of the techniques used in these areas in order to improve the understanding
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of the restoration process. In addition, the evaluation of the areas in process of restoration is an
important indicator of i) the efficiency of the activities, ii) reflect the viability of the decisions

taken previously and iii) helps to define measures that must be used according each case.
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3. ARTIGO 2 - PHYTOSOCIOLOGICAL STUDY TO EVALUATE THE
EFFICIENCY OF THE RESTORATION MEASURES IN A MINED
AREA LOCATED IN MINAS GERAIS-BRAZIL

ABSTRACT: Mineral exploitation is currently one of the main generators of profit in Brazil
through the export incomes. However, in parallel with these benefits, the mining activities often
have a significant impact on the environmental diversity. This must be minimized through the
development of efficient and applicable techniques considering the local conditions. In this
study we describe a case study to evaluate the floristic diversity and the soil conditions of one
mined area, currently under 6 years of restoration through of natural regeneration post the
mining process. The study area is located in the municipality of S&o Sebastido da Vargem
Alegre in Minas Gerais State, Brazil and has 0.45 hectares. The forest inventory of all
individuals with Circumference at Breast Height (CBH) > 10 cm was carried out and the
phytosociological parameters were evaluated through the software Fitopac 2.1. The state shows
a low floristic divesity H’= 1.374 as well as equability (J’ = 0.48), with dominance of the
genderVernonanthuran the area. Moreover, the area presented dominance of the species of
early succession (pioneers and early secondary), that allow to define the ecologicabstage fr
this area as initial forest. In order to improve the floristic diversity and accelerate the restoration
process in this area, we recommend the control of the invasive grasses, as well as vegetal
enrichment with native species of more advanced successional stages (later secondary and
climax).

Keywords: Mining, natural regeneration, sustainability.
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1. INTRODUCTION

The bauxite exploitation generates an important source of incomes for Brazil through
the generation of jobs (direct and indirect), regional development and export of the produced
materials. In this sense, the Southeast of Brazil, more specifically the state of Minas Gerais, it
has the largest revenues of Financial Compensation for the Exploitation of Resources (CFEM),
with a percentage of 44.1% (DNPM, 2017).

This mineral is found in high quality and quantity in Brazilian reserves which, in general
present few territorial extensions and, some times, even mineral outcrops on the soil surface
(ABAL, 2017). However, by the fact this exploitation requires the removal of the topsoil (fertile
layer),it generates several impacts on the environment, as presented by Moreira3Rea4)
(2007) Sheoran et al. (2010); Guimaraes et al. (20M2&yturano (2012); Barros et al. (2012)
Guimaraes et al. (2012); Henriques et al. (2015); Fengler et al. (2017), even if these activities
does not take larger territorial ranges (Reis, 2006).

In this sense, in order to reduce the environmental impacts occurring in these areas, the
amount of resources spent in this process, as well as accelerate the vegetal cover and restore the
ecological functions in these environments, the choice of efficient techniques of restoration
performs an important role in supporitake a “stable” condition until that the nature becomes
able to follow this process by itself, that is, without external interventions. However, it is not
an easy task, because the restoration process is under the influence of antropic activities,
edaphic variations, topographic and neighbourhood variables (landscape), climatic conditions,
besides others direct and indirect agents.

These factors can influenae different ways and intensities a specific area according
the local characteristics of this site, such as the environment resilience; praximétive
forest patches; regional diversity (flora and fauna); among others (Martins, 2013).tdlhus,

restore an altered environment, it is necessary to take into account the environmental skills and
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the good use of knowledge to define the best techniques to manage the existing resources and
solve the verified problems.

In this perspective, phytosociological studies are necessary to generate information that
can be used to compare different situations and areas, reduce the time and the amount spent to
restore these areas, besides to find patterns of development and help to identify priority areas
for restoration. In addition, it allows the identification of agents that cause negative impacts on
the restoration process and can help to define measures to control its damages.

In this sense, this study aimed to evaluate the phytosociology of one mined araa after
six years of restoration process through natural regeneration and verify the necessity of the

interventions to accelerate the ecological process in this area.

2. MATERIAL AND METHODS
2.1. Study location

The study area is located in the Sdo Sebastido da Vargem Alegre municipality, Minas
Gerais-Brazil, which has an elevation from 217 to 1355 m (USGS, .2P00) to the mining
process, this area was used by agriculture through coffee culture, with approximatelgs10 yea
of implantation and historically used by livestock (pasture).

This study was conducted in a small area in the process of natural restoration after the
bauxite exploitation by Votorantim Metais Company (FigureThe study site has a surface
area of 0.5 hectares, which was evaluated through the monitoring of natural regeneration after

6 years from the mining exploitation.
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Figure 1: Location of the study area (highlighted).

The topographic reconfiguration (subsoiling, resurfacing and recovering of the sterile
with a layer of 50 cm depth (rich soil/topsoil)) was done as soon as possible after the end of the
mining activities. For that, was used of the topsoil previously taken from area, stocked and then
used again to cover the area already mined.

The climatic classification for this region is type Aw, tropical with dry winter (Képpen,
1948). In addition, the annual average rainfall from 750 mm to 1800 mm, with the rainy season
from November to April and the dry season from May to October (Antunes).1986

The natural vegetation in the region is classified as Semi-Deciduous Seasonal Forest
and is under the biome Atlantic Rain Forest (IBGE, 2012). The soils of the watershed are
classified as Ferralsols (IUSS Working Group WRB, 2015), being the current land use
composed of native patches, pastures, tillage and areas in different process of the restoration

with different stages of development.
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2.2. Floristic evaluation

The forest inventory of all tree individuals with Circumference at Breast Height (CBH)
> 10 cm was carried out and then calculated the phytosociological parameters (density and
dominance relative, coverage value) and diversity index of the vegetal community (Shannon-
Wiener and equability) through the software Fitopac 2.1. All the individuals were classified in
families and scientific nomenclature according to Angiosperm Phylogeny Group (APG llI,
2009) and the floristic information was taken from website The Plant List (The Plant List,
2016).

Furthermore, the species found were classified in successional categories (SC)
according to Budowski (1965) and adapted by Gandolfi et al., (1995) for Brazilian secondary
forests in: pioneers (P); early secondary (ES); late secondary (LS) and non-classified (NC).
Considering the dispersal syndrome (DS), the species were classified, according to Pijl (1982)
in: dispersal by animals (ZOO); dispersal by wind (ANE); self-dispersal (AUTO) and non-
classified (NC).

2.3. Soil analysis

The soil chemical and physical analysis in the study area was performed by obtaining
thirty soil samples points, randomly collected in the whole area of interest. By the fact that was
done the topographic reconstruction and consequently used the topsoil previously taken from
the area, the soil samples reflected the soil characteristics of this superficial layer tlisd by
reason, the thirty samples obtained were mixed and generated only one composite sample.

Thus, the sampling was carried out through the use of soil augering in the layer from 0
to 20 cm. The composite sample was sent to Soil Laboratory of the Universidade Federal de
Vigosa to analyze the chemical characteristics. Subsequently, the results were interpreted
according to the Recommendation Guide for correctives and fertilizers of Minas Gerais

(CFSEMG, 1999).
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2.4. Processing and data collection

In order to analyse the phytosociological data, the software FITOPAC 2.1 was applied,
Shepherd (2010), to evaluate the horizontal structure through density and dominance
parameters. In addition, we calculated the coverage value, Shannon diversity index (H") and

equability index (J°).

4. RESULTS

In the floristic survey, 541 individuals, including 18 species and 11 botanical families
were found (see Table 1). Moreover, the area presented characteristics of forest in early
succession stage.

Table 1: Floristic list of the species found in study area after the bauxite exploitation.

FAMILY/SPECIE SC DS

Asteraceae

Baccharis dracunculifolidDC. P Ane

Piptocarpha macropodéDC.) Baker P Z00

Symphyopappus itatiayengldieron.) R.M.King & H.Rob. P Ane

Vernonanthura diffus@Less.) H.Rob. P Ane

Vernonanthura discolofSpreng.) H.Rob. P Ane

Vernonanthura phosphoricgg/ell.) H.Rob. P Ane
Bignoniaceae

Jacaranda micranth&ham. P Ane

Sparattosperma leucanthufviell.) K.Schum. ES Ane
Cannabaceae

Trema micranthgL.) Blum. P Z00o
Fabaceae

Piptadenia gonoacanthdF. Macbr. ES Auto/Ane

Senna multijjugdRich.) H.S. Irwin & Barneby ES Auto
Indeterminada

Indeterminada NC NC
Melastomataceae

Tibouchina granulos#&Desr.) Cogn. P Z0oo
Myrtaceae

Psidium guajavd.. P Z0oo
Primulaceae

Myrsine ferruginegRuiz & Pav.) Spreng. ES Z0o
Rutaceae

Dictyoloma vandellianum. Juss. ES Ane

Continua...
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Solanaceae

Solanum mauritianurcop. P Z00
Verbenaceae
Lantana camard.. P Z00

Where: Successional Categories (SC): (P = Pioneer, ES = Early Sectitdarjyon-Classified); Seed Dispersal
Syndrome (DS): (Zoo = Dispersal by animal, Ane = Dispersal by winth A Self-Dispersal and NC = Non-
Classified); Auto/Ane: Primary dispersal by self-dispersal and secodigsrsal by wind.

According to Table 1, 33.3% of all the species found in the study area belong to the
Asteraceae family, demonstrating the largest floristic richness from this family in the
community, like verified also by Ataide et. al. (2011) in an area of ferruginous field of
Quadrilatero Ferrifero-MG. Other families that presented a good representability in the area
were Fabaceae and Bignoniaceae (floristic richness of 11.1% each one), while the other ones
were composed by only one individual in each family (5.5% each one).

Regarding the distribution of the species into successional categories, the pioneer
species showed dominance over the early secondary species (66.6% and 27.7% respectively).
According the dispersal syndrome, the most of the species in the study area presented dispersal
by wind (50%), followed of the dispersal by animals (38.9%).

In addition, the phytosociological parameters of the community were calculated for the

botanical families found in the study area, as shown in Table 2.

Table 2: Phytosociological parameters of the families found in study area.

Familias N. Ind. N°de sp. Rel. De. Rel. Do. CV %
Asteraceae 436 6 80.59 54.31 67.45
Cannabaceae 34 1 6.28 28.81 17.54
Fabaceae 46 2 8.5 13.18 10.84
Melastomataceae 16 1 2.96 2.31 2.63
Verbenaceae 2 1 0.37 0.34 0.35
Bignoniaceae 2 2 0.37 0.13 0.25
Solanaceae 1 1 0.18 0.52 0.35
Indeterminada 1 1 0.18 0.29 0.24
Rutaceae 1 1 0.18 0.04 0.11
Primulaceae 1 1 0.18 0.04 0.11
Myrtaceae 1 1 0.18 0.04 0.11

TOTAL 541 18 100 100 100

Where: N° ind: Number of the individuals; N° sp: Number of the speBiekDe.: Relative density; Rel.Do.: Relative
dominance; VC%: Coverage value.
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Thus, the families that presented the largest coverage values (CV) in the community
were: Asteraceae, Cannabaceae and Fabaceae, representing the percentage of 45&hdl7.54%
10.84% respectively. It demonstrates the importance and dominance of these families in the
vegetal community, which together sum 95.83% of the all community.

Inserted in the Asteraceae family, it was observed that the spéerasnanthura
phosphorica(Vell.) H.Roh and Vernonanthura diffuséLess.) H.Rob. presented a coverage
value of the 45.88% and 20.05% respectively. Another specie that had a good coverage value
was theTrema micranthgL.) Blum. of the Cannabaceae family, with coverage value of the
17.54%. Thus, together these species presented a total coverage value of the 83.4%.

Regarding the vegetal community distribution through diameter classes, the area
presented the shape of “inverted J with a large concentration of the species in the first diametric
class (55.2%), that is, lower diameters and then, a gradual decrease towards the larger diametric
classes (Figure 2).
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Figure 2: Frequency of distribution in the natural regeneration area.

According the behaviour of the species that presented largest coverage value
(Vernonanthura phosphoric@/ell.) H.Rob.and Vernonanthura diffusé_ess.) H.Rob), these
presented gradual/normal distribution along of the diametric classes. This characteristic can be
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considered as a normal characteristic when taking into account the evolution of the successional
levels.

On the other side, the specieEema micrantha(L.) Blum. presented different
distribution and behaviof the others previously mentioned (Figure 3). This can be explained
by the beginning of the change of the successional levels (successional advance), besides it be
a typical behavior of the pioneer species.
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Figure 3: Frequency of distribution Twema micrantha (L.) Blumn the study area.

The density of the individuals in the study area was 1207.59 ihdbang the Shannon-
Wiener index (H’) = 1.37, evidencing a low floristic diversity in this area. The Equability (J°),
which was calculated through the Pielou index, was 0.48, evidencing also a low diversity and
floristic abundance in the community.

In the face of soil characteristics verified in the soil samples collected, the interpretation,
which was based in the Recommendation Guide for correctives and fertilizers of Minas Gerais
(CFSEMG, 1999), showed levels of the clay higher or equal to 35%. Regarding the chemical
characteristics in the current situation (in process of restoration), a good level of the
acidification was observed (pH:8=5,77), intermediate levels of the Organic Matter

(M0O=3,86), Sum of Basis (SB=2,33) and effective Cation Exchange Capacity (t=2,33). On the
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other hand, the Basis Saturation presented low levels (V=23,5) in the collected soil samples
(Table 3).

Thus, in order to evaluate, relate and compare the soil chemical characteristics in
different situationsnative forest (NAT); after the topographic reconstruction (P_MIN) and
current situation in process of restorati®hRES), the Chart 3 was elaboraidée data from
the native forest and after the topographic reconstruction were taken from study by Borges

(2013), which was also performed in the study area.

Chart 3: Variation of the soil chemical characteristics in the study area.
Chemical Analysis
Sample | N-total | pH | P K Ca2+‘MgZ+‘H+AI ‘ SB‘ t \ MO | Cu ‘Mn‘ Fe ‘ Zn
(0-20) | (dag/Kg) | (H20) | (mg/dm3) (cmolc/dm3) % | (dag/Kg) (mg/dm3)
NAT * 0.34 | 4.68|1.92/58.65 0.2 | 002 | 14.03/0.37|/1.79| 26 | 92 | 0.3 |0.02/26277|11.09
P_MIN* | 0.085 | 5.23|1.05/27.37| 0.37| 0.13 | 3.91 |0.57/0.67(12.72| 25 | 0.6 |5.04/17491| 1.25

P_RES 0.13 | 577|108 | 124 | 1.34| 0.67| 7.6 |2.33/2.33| 235 | 3.86 |0.36| 69| 981 [17.35
Where: NAT= Soil samples collected in the surrounding native farest (reference environment); P_MIN= Soil samples
collected after the mineral exploitation and topographic reconstru&idRES= Soil samples collected after 6 years of natural
regeneration.

Fonte: *Borges (2013).

According the data found, we can realize that there was a considerable increase in some
elements, (K, C4, SB, V, Mn), either decrease (H+Al, MO, Fe), when evaluating the variation

into the parameter.

4.DISCUSSION

According the Meira-Neto and Martins (2000), the floristic diversity can vary from 3.2
to 4.2 to semideciduous seasonal forests in Minas Gerais, which is larger than what verified in
this study(H’= 1.37). In addition, the results demonstrate clearly the vegetal characteristics of
this area (young community in process of development), with dominant presence of the pioneer
and early secondary species.

Regarding the Equability (J= 0.48), we can say that the vegetal community in the study

area has a heterogeneous floristic distribution, which can be explained by dominance of the
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Vernonanthuragender (CV= 65.9%). Other studies performed in different areas, successional
stages and different ages after the mining process that present similar results (low diversity),
were verified by Parrota, et al. (1997); Angelo et al. (2002); Araujo, et al. (2006); @orréa
Filho, (2007).

However, as observed by Reis, et al. (2007), the landscape characteristics such as
connectivity, range of the impacts produced, techniques used, biome, among others, can directly
influence the floristic composition and, consequently the restoration process. It can be observed
in studies performed by Araudjo et al. (2005) and Corréa & Filho (2007) in areas with
approximately 20 years of natural regeneration, where a great variation in the numbeiesf spe
was observed (from 5 to 4%yhich corroborates with the idea that each environment should be
analyzed individually.

Moreover, the low floristic diversity verified in mined environments can also be
observed in areas of natural regeneration. It was verified by Klein et al. (2009) and Guimaraes
(2015) in areas post coal mining (28 years later) and areas with different successional stages
post bauxite mining in Pocos de Caldas-MG, respectively.

However, we must be careful when comparing different situations and areas in process
of restoration because the characteristics around the area (landscape); pressure suffered (natural
either anthropic); distance from propagules sources; fauna; diversity; edaphic conditions;
among others), are different in each situation, area or region and it can influence with different
intensity on each place.

Thus, an agent that could have negatively influenced the results of the current study (low
diversity) was the “isdation” of the area in process of restoration by forest plantations
(eucalyptus sp and the coffee cultivation (surrounding experimental fields). In addition, the

invasion byUrochloa decumbenStapf andUrochloa plantagineaLink) Hitchc. (invasive
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grase9 can have impaired the successional advance and, consequently, the improvement of
vegetal diversity in the study area.

The importance of this question was observed by Suganuma et al. (2014), which affirms
that the distance from propagules sources can create obstacles to ecological restoration. In this
same sense, Cheung et al. (2010); Pereira et al. (2013); Kauano et al. (2013) observed that the
landscape quality and the connectivity between the areas (natural and those areas in process of
restoration), contribute to improve the resilience and restore the ecological functions of the
degraded areas.

Thus, the control of invasive grassddrqchloa decumbenstapf andUrochloa
plantaginea(Link) Hitchc.) is recommended for the study area. Moreover, in order to improve
the diversity in the area, we recommend the enrichment with native species in more advanced
stages of succession (late secondary and climax species).

Additionally, another suggestion is the use of native species that have attractiveness for
the local fauna, in order to improve the flow and interactions between the environmental
elements from the region.

Regarding the soil characteristics of the study area, through the chemical parameters we
can observe that the low values found in some parameters (e.g. SB, V), reflect the low soil
potential to supply nutrients for plants. However, when analyzing the different environments
(before the mining process), it was observed that these levels are a normal characteristic in the
region.

In addition, it was observed that the content of these elements, as well as the CTC level,
had a considerable improvement after the mining. It can be explained by fertilization and other
technigues used by the company to the soil conservation after the mining exploitation, which

resulted an improvement in the fertility levels in this area.
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According to study realized by Xiao et al. (2016), the potential of hydrogen (pH); total
organic carbon (CO), which is function of the MOtdtal and available phosphor (P), are the
main elements that affect the functional diversity of the soil. In addition, Silva et al. (2008),
present that the higher concentrations of Nitrogen (N) and phosphor (P) found in soil from
native forests before the mining process can be related to higher level of Organic Matter (MO)
in these sites. This can be explained by the greater development and diversity of established
vegetation and by the complex interactions that exist.

Thus, there were a decrease in the content of these elements in function at the beginning
of the mining process. However, the current improvement (even if low) can be indicating the
beginning of the rehabilitation of the edaphic functions due the advance in restoration process
in this area.

In this sense, we can say that, in general, the edaphic conditions are contributing to
restore the soil functions after the mining process in this area. In addition, it is assisting in the
vegetal re-establishment, diversity improvement, restoration of the ecological functions and

collaborating with the environmental sustainability of the area.

5.CONCLUSIONS

As results, we can conclude that, despite low floristic diversity, it is a particular
characteristic verified in the most of environments that had some type of recent pertubation and
that present initial successional stage. However, due to the faatdhete planting was
performed in order to increase the floristic diversity in this aitepresented satisfactory
vegetation coverage, have complied with the environment role and had no type of implantation
costs inserted (use of the natural regeneration technique).

However, with this study we verified problems of grass invasion in some points of this

area and low species richness. Thus, in order to accelerate the successional process in this area
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we recommend the enrichment with the planting of seedlings in nuclei of diversity and the
direct sowing of native species tolerant to the shade.

According to edaphic conditions, we observed an improvement of the soil quality post
mining exploitation when compared as the original situation (before the mining), which can be
related to the vegetal development in this area. Moreover, we observed that the improvement
of the ecological and edaphic characteristics of the mined areas is possible if the appropriate
techniques are used to restore the environment (topographic reconfiguration, use of the topsaoill,
soil correction and fertilization, monitoring, among others).

In this sense, this type of study is a fundamental tool to decision-making and monitoring
as well as helping to define the best technique that can be used according to the situations

verified in each site.

Finally, we can say that the natural regeneration can be feasible for use in branede
areas. However, these areas should be frequently monitored and evaluated in order to identify
and control any problem that can interfere in the successional and ecological process of the

area.
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4. ARTIGO 3 - RESTORATION OF MINING AREAS: MODELLING
ON-AND OFFSITE EFFECTS OF SOIL REDISTRIBUTION IN A
WATERSHED LOCATED IN DESCOBERTO, MINAS GERAIS-
BRAZIL

ABSTRACT: Few are the studies about the influence, dynamic and quantification of the
amounts of erosion yielded under different land uses in mining areas and surrounding areas
(under influence of this activity). Thus, this study was carried out in a small watershed under
influence of the bauxite exploitation located in Descoberto, Minas Gerais-Brazil. The erosion
modelling was performed to evaluate the effect of sediment yield under different soil uses and
compare them. As result, it was verified a reduction of 45% in the soil loss from 1991 (before
mining) to 2016 (atual situation with mining), as well as a decrease of the 0.1 and 0.6 ton ha
year! when evaluated the current scenario where the mining areas were covered by pasture and
native forest, respectively. On-site and off-site effects were verified through decfeeser

flow amounts of the watershed and also in the erosion rates in the pasture areas over the period
evaluated. Thus, we can conclude that this watershed has reduced the soil losses by erosion
along of the evaluated period and that other areas “non-mined” areas can more strongly affect

the soil dynamic in this watershed.

Keywords: Erosion modelling; mining areas; restoration; degraded areas.

1. INTRODUCTION

Bauxite is an important ore and the third element in greatest abundance in the earth's
crust (ABAL, 2017). This mineral is found in high quality and quantity in Brazilian reserves
and its exploitation resides on the fact that it is feedstock to alumina and primary aluminum
production, besides some chemical products and non-metallurgical uses that have a

considerable importance in this sector as well (IBRAM, 2015).
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As this mineral is to be found in layers near the soil surface, its exploitation requires the
removal of the topsoil (fertile layer), which generates several impacts on the environment, as
mentioned by Moreira (2004Reis (2006); Silva (2007); Sheoran et al., (20Bayros et al.,

(2012); Guimaraes et al., (2012); Marturano (2012); Henriques et al., (2015).

These impacts happen because the landscape is subject to dynamics driven by uses,
influences, relations between the internal and external agents (Schoorl and Veldkamp, 2001,
Schoorl et al., 2006), mainly in these conditions (mining). In this sense the landscape changes
and degradation can impact the hydrological balance (Benini et al., 2010); runoff and sediment
yield (Mueller et al., 2009); biodiversity (Dornelas et al., 2009); soil carbon stock (Schulp and
Verburg, 2009), among others.

Thus, because of the fact that the impacts produced on these areas are strongly
widespread for the region, influencing the social, environmental and economic aspects, the
evaluation and better understanding of their effects is necessary to define the best way to restore
these areas and reduce the negative effects generated. Consequently, the evaluation of both the
erosional and depositional processes in mined areas, is an important tool and a basis to define
critical areas that need support to restore their ecological functions.

Therefore, the modeling and monitoring of landscape dynamics to find scenarios of
possible erosion and re-sedimentation estimates and to understand the spatial behavior and
trends of the system, is an important strategy to become more efficient in development activities
of a certain area (Debolini et al., 2015). Thus, the landscape process modelling at multi-
dimensions and scales (LAPSUS), developed by Schoorl et al. (2000; 2002) it was used to
simulate the influence of active and restored mining areas in a watershed, formulating different
scenarios based on water and sediment redistribution and the different ways to restore these

areas (according to local reality).
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Consequently, the LAPSUS 5.0 version used integrated the hydrologic, erosional,
climatic, geographic and coverage aspects of the study region. In this sense, the objective of
this paper was to develop an approach to evaluate the influence both on-site and off-site for
restoring the mining areas under different land uses scenarios and spatially estimate the amounts

of soil redistribution aiming at social and environmental sustainability.

2. MATERIALS AND METHODS
2.1 Characterization of the study area

The study area is located in a watershed under influence of bauxite mining by the
Brazilian Company of Aluminum (CBA-Votorantim) in the Descoberto municipality, Minas
Gerais-Brazil (Figure 1). The active mining in the region began in 1991, and it contindies unti
today (in different areas). According the company, after the active mining processed stopped,
different techniques to restore these areas have been and are being developed artd applied

restore these environments.

LAND USE AND COVER BEFORE THE MINING PROCESS (1991) ~ CURRENT LAND USE AND COVER (2016) AND MINING AREAS

& - : - - -

Figure 1. Location a"n-d changé-of land uge and cover givéﬁ per soilwcglass in tr;é study area, 1991

(left) and 2016 (right). Classes of use and land cover are given in Table 1.
Where: Pasture= Pasture areas; In_Veg= Early vegetation; Adv_Veg=Adwagsation; Water= hydric resources; Mining=
mining areas; Cxb= Cambisols; Lat= Latosols/Ferralsols.

The watershed has a total area of 27.54 km?, and elevation ranges from 429 m to 1369
m according to the data from NASA-Shuttle Radar Topography Mission (SRTM), with 30m of
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resolution (USGS, 2000). According to UFV (2010) and IUSS Working Group WRB (2015),
the soils of the study area are classified as Red-Yellow Latosols (Ferralsols) and Haplic
Cambisols (Cambisols). The land use and cover in the catchment (presented in general manner
in Table 1), is composed by patches of native forest, forest plantations (magulgabyptus

sp), pastures, and some agriculture (tillage), while the areas in the process of restoration show
different stages of development and ages (since early until advanced succession).

Regarding the climatic classification, the region is classified as Aw, tropical with dry
winter (Koppen, 1948). The annual average rainfall is around 1300 mm, with the rainy season
from November to April and the dry season from May to October (Lopes and Branquinho,
1988). The vegetation in the region is classified as Semi-Deciduous Seasonal Forest and located
in the Atlantic Forest biome (Veloso et al., 1991; IBGE, 2012).

2.2 Database used

The environmental variables data used in this study (rainfall, temperature and
evaporation), were taken from Braziliarstitute of Meteorology (INMET), through historical
series from 2006 to 2016. In addition, the Digital Elevation Model (DEM) used in this study it
was taken from NASA-Shuttle Radar Topography Mission (SRTM), with 30m of resolution
(USGS, 2000), which was removed the sinks and possible imperfections.

To evaluate the land use and cover changes in the watershed before and after the mining
company activities, satellite images of 1991 and 2016 were taken from the Brazilian Institute
of Space Research (INPE) and the European Space Agency (ESA), respectivel99The
image was taken from TM/Landsat-5 at 30 m resolution and the 2016 image was taken from
the Sentinel-2 satellite, with 10 m of resolution. Both images were standardized to 30 m of
resolution for the modeling and the Transversal Universal de Mercator (UTM) projection

system was used.
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2.3 Tested scenarios

In order to analyze the land use changes and the erosion and deposition process
dynamics over the years, were tested five different scenarios. The first scenario or baseline
(BASE) is taking into account the original land use configurations before the beginning of the
mining processes (1991); the second scenario assumed the current land uses and added the bar
soil to all actively mined areas from 1991 until 2016 (hypothetical); the third scenario is based
on the current (CUR) land uses of the year 2016, and the fourth and fifth scenarios assuming
further restoration and improvements such as a “future coverage” by pasture (PAS) and by early
forest (FOR) especially in the former mined areas.
2.41mage classification process and modelling

The images were classified by maximum likelihood classification (MAXVER) through
ArcGis 10.2® software and subsequent classification in five distinct classes (taken into account
the resolution limits): Pasture, Early vegetation, Advanced vegetation, Water, and Mining areas
(when present).

The land use and cover classification was adjusted according to the combination with
the two different types of soil verified in the watershed evaluated (Cambisols and Ferralsols)
Consequently, these combinations were used as input for the LAPSUS 5.0 model to evaluate
each scenario. The LAPSUS model applies sediment transport equations based on works by
Kirkby (1971; 1987) and Foster and Meyer (1972; 1975) and calculates the capacity for
sediment transport using multiple flow directions as a consequence of local gradients and
discharges (Schoorl et al., 2000; 2002).

Consequently, this model uses the DEM and local water balance to route the discharge
as the driving force behind geomorphic processes (Schoorl et al., 2000; 2002), while simulating
the erosion and deposition at different scales as function of rainfall, slope, soil and surface

properties and land use (e.g. Schoorl and Veldkamp, 2001).
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In this way, the first step was to produce and insert the pedoclimatic and pedological
map characteristics into the LAPSUS model. Therefore, soil-related parameters (erodibility,
soil depth, infiltration, evaporation) were specified and calibrated according the type of the soil,
in addition for each possible land use class combination new weights and representativeness or
influence of this category were assigned.

Discharge and erosion rates from the surrounding Minas Gerais region were used to
calibrate the importantK-factors and P-factors parameters, that represent the
detachment/erosion and the sedimentation values, respectively. The calibration was iteratively
adjusted with the data from the land uses configuration before the start of the mining process
(1991), resulting in the first scenario, which was taken as reference and baseline for the others.

The used calibration erosion rate was around 12 tonykear', defined by a study
performed by Rosa (2016) in an area that includes the current watershed, together with data on
infiltration capacity, evaporation rates and all important input parameters (Bertolani and Vieira,
2001; Cecilio et al., 2004; Costenaro et al., 2009; Zonta et al., 2012; Borges, 2013; Almeida et

al., 2014; Rodrigues, 2015).

3. RESULTS

According the behavior verified in this watershed, we can note a decrease of 12.8% of
pasture areas from 1991 until 2016. However, even with this reduction, the use for pasture was
responsible for almost half of the total soil occupation in both scenarios (see Figure 1 and Table
1). The initial vegetation class presented a decrease of 3.6% and the advanced vegetation an

increase of 16.4% over 25 years.
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Table 1: Change of land use and cover (%) in different scenarios tested in the study area.

LAND USE AND SCENARIOS
COVER BASE  MIN CUR PAS FOR
1-Pasture 59.51 43.26 46.73 46.06 43.26

2-Initial Vegetation 5.61 1.94 1.98 1.94 474
3-Advanced Vegetation 34.73 50.36 51.14 51.85 51.85
4-Water 0.14 0.14 0.14 0.14 0.14

5-Mining (bare soil) - 4.29 - - -
Where: BASE= baseline land use before the mining process (1991); Mifladarwith active mining areas 1992-2015; CUR=
current land use (2016); PAS= Pasture cover scenario in the areesz] FOR= Future scenario of improved forest restoration
in the mined areas.

Regarding the soil redistribution rates under the different land uses and scenarios, there
was a decrease of 45 % in the soil losses from 1991 to 2016 (see Table 2). This can be explained
by the fact that there was a decrease of the pasture areas (12.8%) in this period besides an
increase in forest areas.

This same pattern can be also verified in the study performed by Rosa (2016) in the
same watershed, who found a decrease of 3% evaluating the erosion rates in a scenario where
indeed pasture areas were substituted by forest areas. Moreover, when comparing the scenario
where the mining areas with pasture under the same conditions as calibrated for the region
(PAS), were substituted by initial vegetation coverage (FOR), there was observed a difference
of 0.5 ton ha year! in the soil losses due the change in the coverage. This suggests that the
development of forest, even while in early successional stages, can better protect the soil and
avoid the loss of high content of the soil by erosion.

Table 2: Soil parameters estimated to each scenario tested in the study area.

Erosion Deposition Sediment Delivery
Scenarios rates rates ratio (SDR)
--------- (ton hat year?) ---------
BASE 12 1.09 0.91
MIN 9.3 0.96 0.90
CUR 6.6 0.79 0.89
PAS 6.5 0.82 0.89
FOR 6 0.74 0.89

Where: BASE= baseline land use before the mining process (1991); MI8ladarwith active mining areas 1992-2015; CUR=
current land use (2016); PAS= Pasture cover scenario in the ariees] FOR= Future scenario of improved forest restoration
in the mined areas.
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According the current scenario (2016) and the pasture scenario (PAS), we can verify an
only slight decrease of the 0.1 tori*ha™® which demonstrate that this scenario was the one
that most approached the current uses. It also evidences that most of the former mining areas
were covered by pasture and that they are poorly managed.

When evaluating the mining scenario (MIN), which was a hypothetical situation, we
can observe an increase of 2.7 tort ga® in the amount of erosion rates in the area when
compared with the current land use (CUR). The changes occurring in each scenario are
visualized in the Figure 2, which demonstrates the spatial impact and influence for each

situation according the land uses, elevation and variables considered.

Erosion and Deposition rates (Scenario 1991) Erosion and Deposition rates {Scenario 2016 + Mining)
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Erosion and Deposition rates (Current scenano - 2016)

Erosion and Deposition rates (Pasture Scenario)
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Figure 2: Elevatic;;, erosion and re-sedimentation ar;munt under the different scenarios
evaluated.

The results produced can explain the whole behavior in the watershed, which presented
a decrease of 29.12% in the maximum amounts of erosion rates from the BASE scenario for
the MIN scenario and 43.9%, 44.1% and 47.9% for the CUR, PAS and FOR scenarios,
respectively. This pattern also can be found in the waterflow, which had a decrease of 14.9%
in the maximum values when comparing the BASE to MIN scenarios.

According the erosion rates throughout the area for the 10-year period, we can realize a

clear trend to decrease the amounts along of time and in all scenarios tested. This behavior can
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be considered normal because of improvement in the environmental stability and soil
conditions.

When evaluating the off-site effects by zones from the mining areas, we can verify
through the zonal statistics results, which there were a decrease of 21.6% in the erosion rates
between the pasture zones in the Cambisols (from 14.96 to 11.72%gn'hand decrease of
36.2% (from 29.05 to 18.53 ton hgr?) in the Ferralsols, when comparing the BASE scenario
with the MIN one. In addition, there were verified some specific soil accumulation points,
which were mostly found close to the channels in the valleys.

Moreover, were verified also some points with high erosion rates in “non mined” zones,
which can confirm the influence of other elements and factors that operate in the landscape.
Another off-site effect verified in this watershed, it was according the re-deposition of sediment,
which presented decrease of 49.8% in the maximum amounts found from 1991 to 2016 when
comparing the baseline scenario (BASE) with the mining scenario (MIN).

About the on-site effects in the mining areas, we can verify a considerable decrease in
the resultant erosion rates when comparing the MIN scenario with the other scenarios.
Moreover, we also confirmed the greater erosion susceptibility of the Cambisols and the

possible influence of “external” agents over the soil dynamic.

4. DISCUSSION

The results demonstrate that there was a reduction of the pasture areas over the past 25
years at the benefit of the forest areas (manly advanced forest). This can be explained by the
advances in the successional stages of the initial vegetation and the conversion or abandonment
of pasture areas to forest, which can be result of the environmental incentives and
environmental laws compliance by the farmers.

Regarding soil erosion dynamics, there was a clear trend in decreasing amounts of the

erosion and deposition over the period evaluated, even when including the active mining.
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Clearly, there is relation with the land use cover change, which helps to demonstrate the
importance of the land uses (coverage) and its influence in the control of the erosion process as
well as over the re-sedimentation amounts, as verified by Schoorl and Veldkamp, (2001) when
comparing different scenarios and coverages in an area of Spain.

Moreover, when evaluating the mining scenario (hypothetical), we can realize that
despite of greater amount in the erosion rates, the total mean erosion amounts were still less
than those found in the scenario before the mining process started (BASE). However, when
analyzing the increase in the erosion rates with the addition of the mining areas in the current
scenario, we should consider that in this scenario (mining), all areas were actively mined at the
same time (exposed soilyhich doesn’t correspond to the actual situation (areas explored in
different periods). Thus, it overestimates the real values, which are probably minor than those
amounts found.

In addition, according the mining company (CBA-Votorantim), the beginning of the
restoration process (soil fertilization; use of the different techniques to accelerate the ecological
process; planting of seedlings; among others), it was started always directly after the end of the
exploitation. Consequently, the time that the soil remains uncovered is relatively short.

Taken into account the results generated in the pasture scenario when comparing with
the current scenario, we can say that the similarity between these values can be related to the
fact that the farmers aren’t performing optimal conservation techniques in these areas. This is,
despite the established guidelines between the mining company and farmers in order to restore
these areas, the rules not always are observed by farmers, which use these areas even before
they are completely stabilized.

This process is taken into account the environmental body requirements and owner
demand, which can choose the coverage that will be used to restore the area. Consequently, the

mining company, through use of different techniques, start the restoration process.
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About the on-site and off-site effects from the mining areas over the watershed, we can
realize certain trend to stabilize the net erosion amounts along of 10 years predicted, besides
decrease in the erosion rates by zones, which was greater to Cambisols (greater erosion
susceptibility) and presented also some points with soil loss rates similar to those verified in
mining areas. It demonstrated the equal importance of the other agents that influence the erosion

process and that also can to cause high rates of soil loss.

5. CONCLUSIONS

In this study we demonstrate that in the general context (landscape scale), the pasture
areas (non mined), which cover most of the watershed, are the main sedimentation yield agent.
It when evaluating its range, erosion potential and frequency of soil losses in the area.

This behavior is different from those found in mined areas because the techniques used
by company directly after the exploitation process reduce or prevent soil losses in greater
amounts. In addition, with the decrease of the erosion rates along of the evaluated years and
respective increase in the vegetal cover, it allows us to conclude that the current trend shows
environmental benefits for soil conservation and forest restoration.

The modelling adjusted presented good results and produced important information
about the dynamic of the erosion process in different scenarios and directions that are present
and can be used in the restoration process. Moreover, this results can be used to plan future
activities and to make decision towards environmental sustainability, management and soil
conservation.

On this way, it can be applied to increase the farms yield and identify priority areas to
perform activities and control the erosion process. In addition, this results also can be used to
define and plan the ideal restoration techniques to be used in each area according the conditions

found.
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5. ARTIGO 4 - SOIL MODELLING TO EVALUATE THE MINING
INFLUENCE UNDER A WATERSHED LOCATED IN MINAS
GERAIS-BRAZIL

ABSTRACT: This study was carried out in a small watershed under influence of the bauxite
exploitation located in Sdo Sebastido da Vargem Alegre, Minas Gerais-Brazil. In this area
erosion modelling was performed through LAPSUS modeling to evaluate the effect of sediment
yield under different soil uses and compare them. As result, it was verified a reduction of the
12.3 ton.h#.year! in the soil loss from 2007 (before mining) to 2016 (atual situation with
mining) in the study area. Moreover, it was observed an increase of the 6.8 yahian the

current scenario when considered the mining areas in a hypothetical scenario where all areas
were mined in the same time (bare soil). However, even with this last condiction, the amounts
estimated were lower than those verified in the previous scenario to mining exploitation
(reference), which allows us to say that there were environmental gains along of evaluated
period. Thus, we can conclude that this watershed has reduced the soil losses by erosion along
of the evaluated period and the restoration and rehabilitation of the mining areas has an positive
effect under the erosion control.

Keywords: Erosion; mining areas; restoration, degraded areas.

1.INTRODUTION

Brazil has an important position in the production and exploitation of mineral reserves
that exist within its territory. Not only it generates important revenues for the country, but also
provides employment for the communities around the mining area and prahmtegional
development. In this sense, the Southeast of Brazil, more specifically the state of Minas Gerais,

concentrates the most of the country’s jabated to the mining sector (31.9%). Besides, it has

64



the largest revenues of Financial Compensation for the Exploitation of Resources (CFEM), with
a percentage of 46.8% (DNPM, 2015).

However, along with these advantages, the mineral exploitation generates some changes
on the environment, as mentioned by Moreira (2004); Silva (2007); Sheoran, Sheoran & Poonia
(2010); Barros et al., (2012); Guimaraes et al., (2012); Marturano (2012); Henriques et al.,
(2015), even when these activities does not take larger territorial ranges (Reis, 2006), as is the
case of the bauxite exploitation evaluated in this study.

In this sense, the landscape changes can impact the biodiversity (Dornelas et al., 2009),
the soil carbon stock (Schulp & Verburg, 2009), soil properties (Bronick & Lal, 2005),
hydrological balance (Benini et al., 2010), the runoff and sediment yield (Mueller et al., 2009),
among others. It happens because the landscape is subject to several dynamics driven by uses,
influences, relations between the internal and external agents (Schoorl et al., 2006), which are
strictly interconnected each other and define the environment resilience capacity (de Groot,
2006).

Thus, is necessary to define the best way to restore these areas and reduce the negative
effects generated. In this sense, the evaluation of the erosion and deposition process in mined
areas are an important tools and the basis to define critics areas that needs support to restore
their ecological functions.

However, to identify these transformations in the landscape level is necessary to analyze
the land-use and cover changes besides the driving forces that cause these changes (Hersperge
et al., 2010). Nevertheless, by the complexity, connection, constantly changing and the fact that
the landscape not be a static system, it is difficult to have accurate evaluations about certain
environmental parameters.

Therefore, the modeling and monitoring of the landscape dynamic to find estimates of

the erosion and know about the behavior and trend on system, it is an important way to become
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more efficient the activities developed on area (Debolini, et al. 2015). Thus, some models were
made to modeling hydrological and erosion processes, can be applied to several studies and
situations.

The landscape process modelling at multi-dimensions and scales (LAPSUS), developed
by Schoorl et al., (2000; 2002) have been used to modelling different situations, for example:
water erosion (Schoorl et al., 2000; 2002), tillage (Schoorl et al., 2004; 2006), filling of sinks
(Temme et al., 2006), landslides (Claessens et al., 2007), water redistribution patterns in arid
catchments (Buis & Veldkamp, 2008), weathering and solifluction (Temme et al., 2009), and
connectivity (Lesschen et al., 2009).

We used landscape processes model LAPSUS 5.0 to simulate the influence of the
mining areas under a watershed in different scenarios based on water and sediment
redistribution and the different ways to restore these areas (according to local reality). For it,
the LAPSUS version used integrated the hydrologic, erosional, climatic, geographic and
coverage aspects of the study region.

Thus, the objective of this paper was develop an approach to evaluate the influence of
the mining areas under different land uses scenarios and estimate the amount of erosion and
deposition rates in each one through LAPSUS modelling aiming at social and environmental

sustainability.

2.MATERIAL AND METHODS
2.1 Characterization of the study area

The study area is located in a watershed under influence of the bauxite mining by
Brazilian Company of Aluminum (CBA-Votorantim) in S&o Sebastido da Vargem Alegre
municipality, Minas Gerais-Brazil (Figure 1). The mining process in the region began in 2007,
and after the mining process, have been and are being developed/applied different techniques

to restore these areas.

66



@ 2 Location of the study area

MINAS GERAIS

al

\ B Py | -
Sy | BRAZI.. ',:r,' 3 —— \Water resources
“".’ j‘ ;13.‘ 1’2' Dm—swdy area
Py ¢ 3
YA ' s Value
A 4 MIRA - High : 909
,."»._)j | s A ) 2 a
= O Low : 607
4 o' . a5 ' 2 Wmeters
L i i i | s 1-=3

1 T
L A

Figure 1: Location of the study area in state of Minas Gerais-Brazil.

The watershed has 5.71 kmz2, and elevation from 608 m to 909 m according data from
NASA-Shuttle Radar Topography Mission (SRTM), with 30m of resolution (USGS, 2000).
According to (UFV et al., 2010) and FAO (2001), the soils of the study area are classified as
Red-Yellow Latosols (Ferralsols), being the landscape composed of the native patches, forest
plantations (mainlyeucalyptus sp, pastures, tillage, while the areas in restoration process are
at different stages of development and ages.

Regarding the climatic classification, the region is classified as Aw, tropical with dry
winter (Koppen, 1948). The annual average rainfall is higher than 750 mm, with peaks until
1800 mm and rainy season from November to April and dries from May to October (Antunes,
1986), while the vegetation in region is classified as Semi-Deciduous Seasonal Forest and

located in the Atlantic Forest (Veloso et al., 1991; IBGE, 2012).
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2.2 Database used

The environmental variables data used in this study (rainfall, temperature and
evaporation), were taken from National Institute of Meteorology (INMET), through historical
series from 2006 to 2016. In addition, the Digital Elevation Model (DEM) used in this study it
was taken from NASA (USGS, 2000), which was removed the sinks and possible imperfections.

To evaluate the land change uses in the watershed before and after the mining company
establishment, spatial images of 2007 and 2016 were taken from National Institute of Space
Research (INPE) and European Space Agency (ESA), respectively. The images were got from
TM/Landsat5 and MSI/Sentinel-2 satellites, with 30 m and 10 meters of resolution respectively,
which were standardized to 30 m for the modeling.

The projection system used as basis for the image georeferencing was the Transversal
Universal de Mercator (UTM), with standardized plane coordinates for the SIRGAS 2000
Datum, zone 23S. Prior to the classification process, the geometric correction of the images
through the selection of terrestrial control points (TCP’s) was done, as well as generated the
Normalized Difference Vegetation Index (NDVI) to highlight the existing vegetation (equation
1).

p NIR — pred

Equation1: NDVI =
quation p NIR + pred

Where:p NIR= nearinfraredband p red= red band

In addition, the colored composition of the bands 3(B), NDVI(G), 5(R) was, done
generating a multispectral image containing the near infrared region to better identify the
vegetal classes.
2.3Scenarios tested

In order to analyze the land changes occurred in lasts years and the dynamic of the
erosion and deposition process in these areas in function of mining process, four different

scenarios were tested. The first scenario was taken into account the uses before the mining
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process in 2007 (BASE); the second one the current land uses in 2016 (CUR) the third was
assumed the current land uses in 2016 add the bare soil to all mined areas from 2007 until 2016
(MIN), and finally the fourth scenario assuming a “future restoration” by pasture and native

forest (RES).

It last scenario (restored condition), was defined according to verified before of the
exploitation process and also taking into account the current characteristics of these areas (if
already applied some restoration technique and its restoration stage). Thus, it scenario presented
the possible situation predicted to each mining area after of the restoration process.
2.41mage classification process and modelling

Sampling areas were defined and the images were classified by maximum likelihood
classification (MAXVER) through ArcGis 10.2® software and subsequent classification in four
distinct classes (taken into account the resolution limits): Pasture, Early Forest, Advanced
Forest and Water.

The land use to each scenario was used as input on Landscape Process Modeling at
Multi dimensions and scales (LAPSUS) to generation of results to each scenario evaluated. This
model applies sediment transport equations according Kirkby (1971, 1987) and Foster & Meyer
(1972, 1975) and calculate the sediment transport using multiple flow gradients and discharges.

Moreover, this model uses the DEM and discharge as the driving force behind
geomorphic processes (Schoorl et al., 2000, 2002), while simulates the erosion and deposition
in different scales in function of rainfall, slope, soil properties and uses (Schoorl & Veldkamp,
2001).

In this way, the first step was produce and then insert the pedoclimatic and pedological
maps characteristics into the LAPSUS model to analyze the future soil redistribution patterns
(erosion and deposition). It process serves to evaluate the evolution of the landscape, taking

into account the land changes use, along of a determined time.
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In addition, soil-related parameters (erodibility, soil depth, infiltration, evaporation)
were specified and calibrated according the type of the soil, besides of be given new weights
depending of the land use and representativeness or influence of this category for the process
analyzed. In sequence, it was generated a model of soil redistribution that calculatecluthie a
of erosion and sedimentation in each cell and for the whole catchment evaluated.

Discharge and erosion rates from region were used to calibrate de parameters assumed
(K-factors and P-factors), that represent the detachment/erosion and the sedimentation values,
respectively. The calibration was adjusted under the data from the current land use (2016),
which was taken as reference for the others.

Thus, was used the erosion rate of the 19 tonylear! as reference in calibration
process. This value was defined with base in the study performed by Borges (2013) in the same
watershed under areas already mined, and Bono et al. (1996) in surrounding areas that, together
infiltration capacity, evaporation rates, among others got by Bertolani & Vieira (2001); Cecilio,
Pruski, Stephan (2004); Brandao et al. (2006); Zonta et al. (2012); Costenaro, Maffia & Dias
(2009); Rodrigues (2013); Almeida et al. (2014); Rodrigues (2015), served as basis to
calibration process in this study.

As result, the erosion rates to each scenario tested were produced, generating the
amounts and dynamic of the soil loss, besides to generated maps of the water and soil behavior

for the entire watershed evaluated.

3. RESULTS

According the behavior verified in this watershed, we can note a decrease of 1.8% of
pasture areas from 2007 until 2016, however, even with this reduction, this use was responsible
by the higher percentage of the soil occupation (more than 61%), in both scenarios (see Figure
2 and Table 1). This pattern was also verified to the class of initial vegetation, which presented

a decrease of the 1.1% along of the 9 years evaluated.
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LAND USE AND COVER BEFORE THE MINING PROCESS (2007) CURRENT LAND USE AND COVER (2016) + MINING AREAS
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Figure 2: Variation of land use and cover ald-ng of 9 years in the study area.

Where: Pasture= Pasture areas; Ea Veg= Early vegetation; Ad_Veg=Advanced vegéfateEns, hydric
resources; Mining= mining areas.

In other way, was verified an increase of the 3%, in the amount of vegetation in stage
more advanced of restauration/conservation in this same period, which can be explained by the
successional advance of the early vegetation and/or the increase of the forest plantations (manly
eucalyptus sp in this region. The total amount in percentage of the occupation for each land

use and coverage scenarios tested are presented in the Table 1 below.

Table 1: Land change uses (%) in different scenarios tested in the study area.

LAND USE AND SCENARIOS
COVER BASE MIN CUR USES RES RES
1-Pasture 63,3 57,1 61,5 1-Pasture 57,1
2-Veg.Initial 9,9 8,6 8,8 2- Pasture restored 2,9
3-Veg.Advanced 26,4 26,8 29,4 3-Veg.Initial 9,6
4-Water 0,1 0,2 0,2 4-Veg.Advanced 30
5-Mining (bare soil) - 7,1 - 5-Water 0,2

Where: BASE= baseline land use before the mining process (2007); MI8ladarwith active mining areas 2007-2015; CUR=
current land use (2016); USES_RES= Land uses and coverage in restarado; RES= Land use after the restoration process
(hypothetical).

Regarding the erosion rates under the different land uses and scenarios, was observed

that there was a decrease of the 12.3 toh. yrat (39.3%) in the soil losses from 2007 to 2016
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(see Table 2). It can be explained by the fact that there was a reduction of the pasture area
(1.8%) in this period besides an increase in forest areas.

This same pattern can be also verified in the study performed by Rosa (2016) in the
watershed, which found a decrease of 3% when evaluated the erosion rates in a scenario where
was substituted pasture areas by forest areas. Moreover, when evaluated the current scenario
(CUR) with that one where was inserted the mining areas under the current scenario (MIN), we
can observe an increase of the 6.8 tort. lya! in the amount of erosion rates in the area (see
Figure 3 and Table 2).

However, in this scenario was taken into account that all areas were mined in the same
time (bare soil), which does not correspond to the occurred situation (different periods of the
exploitation) and overestimates the real values, which most likely is lower.

Moreover, when compared the scenario where the mining areas were substituted by
restored pasture and native forests (RES), it was observed an difference of the 7'9/&ar.ha
1 (see Table 2) in the soil losses due the change in the coverage. It because the forest formations
and well conserved pastures can better protect the soil and avoid the loss of high content of the

soil by erosion.

Table 2: Soil parameters estimated to each scenario tested in the study area.

Scenarios  Erosion Deposition Sediment Delivery
rates rates ratio (SDR)
--------- (ton.hal.yeart) ---------
BASE 31.3 2.86 0.91
MIN 25.8 3.59 0.87
CUR 19 3.05 0.86
RES 17.9 2.84 0.85

According the SDR values found in this study, we can say that them were similar to
those found by Beskow et al. (2009) in a surrounding area, which presented average of sediment

transport of the 0.813 ton. fayr?.
72



In addition, it was verified a decrease of the 1.1 tohymar' when compared the
current scenario (CUR) with the restored scenario, which reflects that these areas are not totally

restored yet.
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Figure 3: Erosion and sedimentation amount under the different scenarios evaluated.

When evaluating the off-site effects by zones from the mining areas, we can verify
through the zonal statistics results, which there were a decrease of the erosion rates in the
pasture zones (from 42.9 to 27 tontlya!), when comparing the BASE scenario with the MIN
one, respectively. It allows us to conclude that, despite of the erosion amounts was considered
high in both conditions, there was an improvement in the conservation practices along of the

evaluated period.
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In addition, when evaluating the MIN scenario with the RES one, we verified an erosion
decrease of 5.97 ton har?! (from 27 to 21.03 ton hayr?) in the pasture areas after the
improvement in the pasture conditions by the restoration process. This pattern can also be
verified in the mined areas, which presented the greater decreases in the erosion amounts and

even sediment deposition in some areas in the restored scenario (RES).

4. DISCUSSION

The results demonstrated that there was a reduction of the pasture areas along of the
years in this watershed, which was followed by the increase of the forest areas (manly advanced
forest). It can be explained by the advance in the successional stages of the vegetation and the
conversion of the new areas to forest.

Regarding to soil dynamics, there was a trend in decrease the amounts of the erosion
and deposition along of the time, which can be verified through the comparison between the
scenarios generate to 2007 and 2016. Besides, it is related with the land use and coverage, which
helps to demonstrate the importance of the soil coverage and its influence in the control of the
erosion process.

Moreover, when evaluated the mining scenario and its influence under the erosion
process, we can realize that despite of high amount in the erosion rates in the mining scenario
(due the bare soil), the erosion amounts were less than those found in the scenario before the
mining process (2007). It can be explained by the greater amounts of the pasture areas and
smaller proportions of the forest areas in the first scenario (BASE).

However, when analyzed the increase in the erosion rates with the addition of the mining
areas in the current scenario, we should consider that in this scenario (mining), it was taken into
account that all areas were mined in the same time (bare soil), which don’t correspond to the
occurred situation (that was done in different periods), that is, it is a hypothetical scenario. Thus,

it overestimates the real values, which are probably minor than those amounts found.
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In addition, the beginning of the restoration process (soil fertilization; use of the
different techniques to accelerate the ecological process; planting of seedlings; among others),
it was started quickly after the exploitation, that is, the time that the soil remains uncovered is
short.

Taken into account the results generated in the restored scenario when compared with
the current scenario, we can realize any similarity between the values found. It can be related
with the fact that the area is evolving toward the restoration process, but in the same time it is
still necessary to monitor and follow up on the application of the restoration techniques because
the erosion amounts are still greater than the “restored scenario” predicted.

Moreover, we also can verify the importance of the restoration of the degraded areas in
face of the reduction of the erosion process, which was confirmed through of the lower amounts
of the soil loss in the restored scenario.

According the off-site effects, we observed some specific soil accumulation points,
which were mostly found close to the channels in the valleys and “non mined” zones, which
can confirm the influence of other elements and factors that operate in the landscape.

In addition, the on-site effects in the mining areas presented a considerable decrease in
the resultant erosion rates when comparing with the calibrated value, which was based in the
study carried out by Borges (2013). It allows us to confirm the benefits of the restoration over
the mining areas, which, when well used the techniques and applied the methodologies to
improve the ecological gains, can produce good results and become sustainable the mineral

exploitation.

5. CONCLUSIONS
According the results found, we can conclude that the dedretfse erosion rates and
respective increase in the vegetal cover along of the evaluated gaamvidence an

improvement in the environmental situation and soil conservation in the watershed evaluated
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In addition, we can also conclude that the mined areas do not cause significant influences on
erosion rates when considering the whole watershed.

The modelling adjusted presented good results and produced important information
about the dynamic of the erosion process in different scenarios and directions that are present
and can be used in the restoration process. Moreover, these results can be used to plan future
activities and to make decision towards environmental sustainability, management and soil
conservation.

On this way, it can be applied to increase the farms yield and identify priority areas to
perform activities and control the erosion process. In addition, this results also can be used to
define and plan the ideal restoration techniques to be used in each area according the conditions

found.
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6. ARTIGO 5 - BANCO DE SEMENTES DO SOLO E SUA RELACAO
COM O DOSSEL EM UMA AREA MINERADA

RESUMO: Os objetivos deste estudo foram avaliar as caracteristicas do banco de sementes do
solo e o dossétoCanopy OpennessLAl) e sua correlagdo em uma area minerada em processo

de restauracdo por regeneracao natural. A area de estudo localiza-se no municipio de Séo
Sebastido da Vargem Alegre, MG, Brasil, possuindo uma area de 0,50 ha em processo de
regeneracao natural passados 6 anos da exploracao de bauxita. Foram alocadas l&bparcelas
longo da area, estando estas distribuidas de forma a representar toda a porcdo em processo d
restauracdo. Nestas parcelas, foram avaliados o banco de sementes e as caracteristicas de dosst
estas Ultimas coletadas através de uma camera fotografica NIKON D40X com lente de 8 mm
(fish-eygd. Como resultados, foram encontrados 8280 individuos, 52 espécies e 24 familias
botanicas. O indice de diversidade de Shannon (H’) foi 2,770 e a equabilidade (J)= 0,705,
demonstrando assim uma meédia diversidade floristica desta area, com densidadedde 2114,
sementes germinadas/mz. Através da analise do banco de sementes, verificou-se a presenca d
espécies exoticas na area (23,5%), dominio de espécies pioneiras (68,6%), assim como a
disperséo por anemocoria (52,9%). Quanto as caracteristicas do dossel, verificou-se uma grande
variacao existente em diferentes pontos da area, est@mwoay Opennessriando de 9,89

a 73,56 e a LAl de 0,16 a 3,14. Diante disto, pode-se identificar certos padrées de existéncia de
determinadas espécies em funcdo da abertura do dossel, bem como em funcdo da proximidade
espacial entre as parcelas plotadas. Por fim, pode-se concluir que a area apresenta resiliéncia
expressa pelo seu banco de sementes.

Palavras-chave:Mineracdo de bauxita; restauracao passiva; ecologia de sementes.

RELATIONSHIP BETWEEN SOIL SEED BANK AND CANOPY COVERAGE IN A
MINED AREA

ABSTRACT: The goals of this study were to evakithe characteristics of the seed bank of
soil and canopy (%cCanopyOpenness and LAI) and their correlation in a mined area in process

of restoration through of natural regeneration. The study area is located in Sdo Sebastido da
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Vargem Alegre municipality, MG-Brazil in an area of 0.5 ha in process of natural regemerati

after a 6 years of bauxite exploitation. Along of the area, 10 plots were allocated and distribute

of the manner to represent the whole area in process of restoration. Thus, the seed bank and the
canopy characteristics were evaluated, these lasts through of NIKON D40X photographic
camera, with lens of 8mm (fish-eye). As results, were found 8280 individuals, 52 species and
24 botanical families. The Shannon diversity index (H”) was 2.770 and the equability (J)=

0.705, which demonstrate the average diversity in this area, with density of 2114.94 germinated
seeds/m2. Through of seed bank analysis was verified the presence of exotic species in the area
(23.5%), dominance of the pioneer species (68.6%), thus as the high dispersal by wind (52.9%).
According to canopy characteristics, a great variation between different points/regions within
the study area was found. The canopy openness presented a variation of 9.89 to 73.56 while the
LAI of 0.16 to 3.14. Thus, we can identify some patterns of existence of species according to
canopy openness and spatial proximity between the plots. Finally, we can conclude that the area
presents resilience express by it seed bank.

Keywords: Bauxite mining; passive restoration; seed ecology.

1. INTRODUCAO

A melhor compreensdo da dinamica, comportamento e existéncia de padrdes de
estabelecimento em funcéo das caracteristicas ambientais e locais, é condi¢cdo fundamental pars
a definicdo, desenvolvimento e execucao de projetos de restauracdo ecologica (MARTINS,
2018). Neste sentido, existem diferentes formas, metodologias e indicadores para avaliar
determinado ambiente degradado ou que sofreu determinada alteracdo, seja ela em nivel
vegetal, edéfico, fauna, dentre outros.

Entre os indicadores vegetativos mais utilizados cabe destacar a regeneracao natural,
que € o resultado de um conjunto de processos ecoldgicos (chuva de sementes, banco de
sementes, rebrota de cepas e raizes) e, portanto, expressa a resiliéncia do ecossistema en
recuperacdo (MARTINS, 2018). Contudo, outros indicadores vegetativos também podem ser
aplicados como: chuva de sementes, banco de sementes do solo, producéo e decomposicéao dt
serapilheira e abertura do dossel (MARTINS et al., 2008; MARTINS, 2009).

Neste sentido, o banco de sementes do solo, que € composto pelas sementes viaveis nac
germinadas presentes no solo ou misturadas com a serapilheira (SIMPSON et al., 1989), € uma

importante fonte de propagulos para a restauragéo vegetal de uma area alterada (LU et al., 2010)
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e auxilia na compreensao dos mecanismos de adaptacao, distribuicéo e viabilidade das espécies
vegetais de determinada &rea (OOI, 2012).

Além disto, sua avaliagdo possibilita “prever” o comportamento de uma floresta caso
aconteca determinado distarbio na area (BAKER, 1989; BROWN, 1998; MARTINS et al.,
2015), além de que seu uso em areas alteradas permite aumentar a diversidade vegetal e c
restabelecimento de espécies nativas no local (HALL et al., 2010), bem como a identificacéo
das possiveis relagdes ou efeitos da vegetacdo do dossel sobre a dinamica do banco de semente
(HYATT and CASPER, 2001), entre outras possibilidades.

Nesta perspectiva, os indicadores vegetativos apresentam a vantagem de serem de f4cil
quantificacdo quando comparados com outros indicadores bioldgicos. Somado a estes
indicadores, podem-se utilizar indices de abertura de d@s§aiply opehe indice de area
foliar (IAF) para avaliar a estrutura e caracteristicas do dossel, que diretamente influenciam no
microclima interno da floresta, quantidade da radiacdo interceptada, interceptagéo da chuva e
reducdo do impacto da gota no solo, adaptacdo de determinadas espécies, assim como, Sac
fatores determinantes na formacao e tamanho das clareiras, como mencionado por (HARDY et
al., 2004).

Além disto, sua estimativa auxilia na modelagem das caracteristicas ambientais do
dossel (MACFARLANE et al., 2000; LEBLANC and CHEN, 2001), que s&o fundamentais para
a melhor compreenséo das inter-relacdes existentes, assim como para a quantificacdo dos
impactos ocorridos na areAssim, pelo fato do IAF estar relacionado com a producdo da
biomassa vegetal/serapilheira e ser um bom indicador da estrutura e arquitetura do dossel, este
indice € um parametro importante na avaliacdo de povoamentos florestais, sendo um bom
indicador de desenvolvimento e evolucao da area (LINHARES et al., 2000; VILLA NOVA et
al., 2003; XAVIER and VETTORAZZI, 2003).

Esta avaliacdo é necesséria pelo fato que no dossel, ocorrem variados processos que
direta ou indiretamente, sdo fundamentais no processo de desenvolvimento de determinado
ecossistema, dentre eles a transpiracdo, fotossintese, fornecimento de matéria organica para ¢
ciclagem de nutrientes, dentre outros. Assim, principalmente em areas alteradas, € necessario
que se realizem avaliacdes e monitoramento afim de evitar a ocorréncia de impoemstos
possam vir a prejudicar a restauracao almejada.

Neste sentido, este estudo teve como objetivo correlacionar os dados de abertura de

dossel e indice de area foliar com as informagcfes do banco de sementes encontrado na
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serapilheira de uma area minerada afim de identificar padrdes de desenvolvimento de acordo
com as caracteristicas do dossel.

2. MATERIAL E METODOS

Este estudo foi realizado em uma area pés-mineracdo de bauxita localizada nas
coordenadas 21°01°58.82” S e 42°34°59.82” W e pertencente ao municipio de Sao Sebastido da
Vargem Alegre, Zona da Mata de Minas Gerais (Figura 1). Esta area possui 0,5 ha e foi
explorada pela Companhia Brasileira de Aluminio (CBXotorantim) nos anos de 2009 e
2010.

Entra Figura 1

Anteriormente ao processo de lavra esta area era utilizada pela cafeicultura e
historicamente pela pecuaria (pastagem), sendo posteriormente ao processo de lavra, realizada
a reconfiguracao topografica com o estéril e seu recobrimento com uma camada dee50 cm d
topsoil Em sequéncia, esta area foi selecionada para utilizacdo da técnica de regeneracdo
natural, sendo entdo avaliada as caracteristicas de dossel e banco de sementes ap0s 6 anos ¢
exploracdo mineral.

Inserida no Bioma Mata Atlantica, esta area apresenta classificacdo climatica do tipo
Aw, tropical com inverno seco (KOPPEN, 1948). A temperatura média do inverno na regiéo
geralmente € superior a 18 °C, sendo a precipitacdo média anual superior a 750 mm, estacao
chuvosa de novembro a abril e seca de maio a outubro (ANTUNES, 1986).

De acordo com o Sistema Brasileiro de Classificacdo de Solos, EMBRAPA (2013), na
regido predominam solos do tipo Latossolo Vermelho-Amarelo distréfico tipico, com
vegetacao caracteristica classificada como Floresta Estacional Semidecidual Montana (IBGE,
2012). A paisagem do entorno da area de estudo caracteriza-se por apresentar areas de
pastagens, plantios florestais (principalmenteEdealyptus spp, remanescentes florestais
nativos, areas agricolas e areas de recuperacao em diferentes estadios e idades, além de are:
em processo de mineracgao pela empresa.

Para analisar os parametros de abertura de désSelply Opehe indice de area foliar
(IAF), foram determinados 10 pontos amostrais, de forma a representar da maneira mais
representativa possivel a area. Além disto, foi tomado o cuidado de se observar a distancia
minima de 10 metros entre os pontos de amostra (parcelas) e a partir da borda.

Para a aquisicdo das informacdes de dossel, foi utilizado uma camera digital NIKON

D40X com lente de 8 mni-{sh-ey¢, que fornece uma abertura de 180°. Foi adquirida 1 imagem
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por ponto, todas a 1,30 metros do solo, totalizando assim 10 imagens para posterior
processamento.

Cabe destacar que as leituras foram realizadas somente quando havia luz difusa, sendo
estas registradas na parte da manha, entre 7 e 10h, evitando-se horarios de elevada incidénciz
de radiacdo solar. Posteriormente, foi realizada a analise e classificagdo das imagens, sendo
estas submetidas ao progra@ap Light Analyze®.0 (Frazer et al., 1999) para o célculo das
medidas dos parametros.

Em cada ponto de tomada das imagens de dossel, foram também coletadas 3 amostras
do solo superficial até a profundidade de 5,0 cm, com auxilio de um gabarito de 45 x 29 cm
(1305 m?), totalizando 30 amostras. Estas amostras foram transportadas para casa de sombra dc
Viveiro de Pesquisas na Universidade Federal de Vicosa e alojadas em bandejas plasticas (0,45
x 0,29 x 0,08 m) com areia esterilizada, irrigacdo por aspersdo e isoladas de possiveis
contaminacgdes por propagulos externos.

Posteriormente, durante o periodo de 9 meses, foram realizadas analises quinzenais,
sendo contabilizadas e identificadas todas as plantulas emergentes em cada periodo. Foi
utilizado o programa FITOPAC 2.1 (SHEPHERD, 2010), para avaliacdo dos parametros
fitossociolégicos do bando de sementes contido no solo da area.

Além disto, através da estatistica em R (R CORE TEAM, 2016) e uso do Yagate
(OKSANEN et al., 2016), foi realizada a andlise de correlacdo canbnica (CCA) entre as
variaveis ambientais (caracteristicas de dossel) e as variaveis vegetais (banco de sementes),
sendo o nivel de significancia avaliado pelo teste de permutacdo Monte Carlo (TER BRAAK
and PRENTICE, 1988).

3. RESULTADOS

A partir da andlise do banco de sementes presente na serapilheira da area em estudo,
gerou-se a Tabela 1, que apresenta as espécies e respectivas familias eneomtcadias
parcela avaliada. As espécies com maior numero de individuos fBradtanthus tenellus
Roxb. (2001); Ageratum conyzoides. (1216); Amaranthus deflexud.. (858); Oxalis
corniculatal. (691) eTrema micranthgL.) Blume (397), que representaram uma densidade
relativa de 24,17%; 14,69%; 10,36%; 8,35%; 4,79%, respectivamente.

Entra Tabela 1
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Foram encontrados 8280 individuos, 51 espécies e 24 familias botanicas, sendo o indice
de diversidade Shannon (H”) foi de 2,770 e a equabilidade (J)= 0,705. Além disto, a densidade
de propagulos vegetais contidos no banco de sementes da area foi de 2114,94/mz2.

Quanto as caracteristicas da forma de vida (FV) das espécies encontradas no banco de
semente das amostras coletadas, foi verificado a presenca de 68,6% de espécies herbaceas
13,7% de espécies arboreas, 9,8% de arbustivas e 1,9% de trepadeiras. Além disto, do total de
individuos identificados, 23,5% foram considerados exoticos e 70,5% nativos da regiéo.

A respeito da sindrome de dispersdo e grupo ecoldgico das espécies encontradas no
banco de sementes da area em estudo, pode-se observar o predominio de espécies pioneira
(68,6%), assim como da disperséo por anemocoria (52,9%), seguido da zoocoria (23,5%).

Quanto aos resultados gerados através da avaliacdo do dossel, gerou-se os valores de
%Cnpy Opere IAF para cada ponto, conforme apresentado na Tabela 2. Cabe destacar que na
parcela 7 houve visual dominancia de gramineas invasoras, que, consequentemente,
influenciaram no crescimento, desenvolvimento e avanco sucessional de espécies arbustivas e
arbéreas nesta area e em seu entorno, explicando assim os altos valores de abertura de dosse
encontrados nesta area.

Entra Tabela 2

Para avaliar e identificar padrdes de estabelecimento do banco de sementes desta area,
foi gerado o dendograma apresentado na Figura 2, que, a partir dos dados de abundancia das
espécies, utilizacdo do indice Jaccard e agrupamento pela média de grupo (UPGMA),
possibilitou verificar a similaridade floristica entre as espécies, que apresentou um coeficiente
de correlacdo cofenética de 0,83, conforme proposto por Sokal e Rohlf (1962), indicando
adequacao no método de agrupamento utilizado (ROHLF, 1970).

Nesta figura pode-se identificar o padrdo de estabelecimento/desenvolvimento das
espécies encontradas na area em funcdo dos habitos de crescimento, sucessao,dmndicdes
ambiente, incidéncia luminosa, entre outros.

Entra Figura 2

Assim, pode-se observar a maior similaridade floristica entre as espécies vegetais:
Begonia cucullataWilld. e Cecropia hololeucaMiq.; Solanum mauritianumScop. e
Spermacoce latifolidAubl.; Triumfetta rhomboideaacq.;Galinsoga quadriradiateRuiz &

Pav. e Indeterinada Lrochloa decumbens$tapf. eSida rhombifoliaL.; Hyptis suaveolens
(L.) Poit.,, Conyza canadensigL.) Cronquist, Digitaria horizontalisWilld., Lepidium

virginicum L. e Richardia brasiliensissomesj]pomoeasp. e Solanum americanurlill., que
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pode demonstrar certa tendéncia no estabelecimento simultdneo destas espécies pioneiras ¢
ruderais de acordo com as caracteristicas locais.

Quanto a analise da correlacéo existente entre os dados de dossel e banco de semente:
da area, foi gerado o diagrama de ordenacédo (Figura 3), onde 27,55% da inércia total foi
explicado pela CCA. Deste valor, o eixo 1 foi responsavel por 85,39% e o eixo 2 por 14,61%
da explicacdo produzida. Além disto, foi observada uma alta correlacdo do LAl com as
espéciesEmilia sonchifolia(L.) DC. eUrochloa plantaginedLink) R.D. Webster.

Entra Figura 3

Pode-se observar ainda, certa tendéncia no estabelecimento e determinadas espécies
vegetais em funcéo da parcela ou localizacdo espacial na area de estudo. Esta tendéncia tambén
pode ser verificada através da avaliacdo da quantidade de sementes encontradas por parcela
gue apresentou maiores concentracdes nas parcelas 4, 5 e 6, com valores de 1150, 1857 e 113z
respectivamente, consolidando assim a tendéncia de agrupamento espacial diante da presencs
de sementes no banco de sementes do solo da area.

Além disto, os maiores valores de LAI, que refletem o nivel de cobertura do dossel da
floresta, foram encontrados nas parcelas 9, 10 e 8 respectivamente, ndo representaram, contudo
as maiores proporgdes de sementes encontradas no banco de sementes destas parcelas.

Quanto ao comportamento de determinadas espécies de gramineas, pode-se observar ne
parcela 7 (area que visualmente apresentava dominancia de gramineas invasoras e baixa
cobertura de dossel), que o banco de sementes formado apresentou dominio de outras espécie:
como Ageratum conyzoidels.; Amaranthus deflexuk.; Phyllanthus tenellufRoxb eRubus
rosifolius Sm., que representaram 32,8%; 29,2%; 18,5% e 9,5% do total de espécies
encontradas nesta parcela, respectivamente.

Além disto, pode-se observar que na parcela onde foi encontrada a menor percentagem
de cobertura de dossel (parcela 3), houve maior preserdggedstum conyzoidds (29,6%);
Phyllanthus tenellu®Roxb (18,7%) eUrochloa decumbenstapf. (6,3%), indicando certo
padrdo no estabelecimento de espécies de acordo com a incidéncia luminosa e condi¢des
especificas de areas com baixa cobertura de dossel.

Por outro lado, nas parcelas com maior cobertura de dossel (parcelas 9 e 10), houve alta
dominancia deTrema micrantha(L.) Blume no banco de sementes, que representou,
respectivamente, 21% e 32,9% do total de sementes encontradas em cada parcela,

demonstrando certo agrupamento espacial desta espécie na area. Na parcela 9 (maior cobertur:
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de dossel amostrada), ocorreu também destaque na preselRbglldathus tenellufkRoxb
(18,7%) eAgeratum conyzoidds (13,7%).

Contudo, mesmo nestas parcelas com maior cobertura de dossel, foi observado a
presenca de gramineas invasoras no banco de sementes, principalmente aquelas do génerc
Urochloa, que juntas perfizeram um total de 5,3% do banco de sementes total da parcela 9 e
3,8% da parcela 10.

4. DISCUSSAO

Através da avaliagdo e comparacédo da diversidade encontrada no banco de sementes da
area de estudo, pode-se verificar uma diversidade média no banco de sementes, resultados este
superiores aqueles encontrados nos trabalhos de Costalonga (2006) e Braga, et al. (2008),
realizados em florestas estacionais semideciduais em diferentes situacdes e estagios de
desenvolvimento e floresta latifoliada semicaducifolia ciliar (NOBREGA et al., 2009). Por
outro lado, na mesma tipologia florestal da area de estudo, encontram-se também valores
maiores de diversidade, como observado por (Peres et al., 2009; Miranda-Neto et al., 2014),
gue pode estar relacionado com a caracteristica sucessional da area, assim como a ocorrénciz
de alteracdes/impactos (tipo, frequéncia e intensidade) nestas areas.

Diante da presenca de montantes superi@23% de espécies exoticas contidas no
banco de sementes da area, além da condicéo atual de cobertura de determinados trechos d.
area sob invasao de gramineas, torna-se necessario intervencdes para o controle destas espécie
Isto porque qualquer distarbio que, por ventura venha a ocorrer nesta area e produza abertura
no dossel, tais espécies tendem a colonizar e dominar a area, prejudicando assim 0 processc
sucessional e a restauracéo da area.

Além disto, devido a baixa presenca de espécies de sucessao secundaria inicial e tardia
no banco de sementes da area, consolida-se ainda mais a necessidade de intervencdes no intuit
de enriquecer a diversidade de espécies de niveis mais avancados de sucessdo para assin
juntamente com o uso de outras técnicas, restabelecer as funcdes ecoldgicas desta area. P
outro lado, o predominio de espécies pioneiras verificados no banco de sementes da area, pode
também evidenciar sua contribuicdo no processo de restauragdo, como também observado nos
estudos de (Batista Neto, 2005; Costalonga, 2006; Martins et al., 2008; Martins, 2009; Miranda-
Neto et al. 2010).

Quanto a andlise de correlagédo entre as caracteristicas do dossel e 0 banco de sementes

foi observada uma forte correlacdo entre o LAl com a presenca de algumas herbaceas. Isto pode
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ser explicado pelo comportamento agressivo e invasivo principalmente da braquiaria, que pode
inibir o desenvolvimento de espécies arbustivas e arbdreas e consequentemente, manter o dosse
com pouca cobertura e area foliar.

Este comportamento confirma o efeito positivo da cobertura do dossel no controle de
gramineas invasoras devido ao sombreamento, além de reafirmar a necessidade de intervencde:
afim de aumentar a diversidade da érea, assim como a utilizacéo de espécies com hébito arborec
para evitar o reestabelecimento destas gramineas invasoras na area.

Juntamente com estas observacdes, o padrao de estabelecimento vegetal em funcdo da
proximidade espacial das parcelas aqui verificado, pode estar relacionado com as caracteristicas
especificas de cada sitio, caracteristicas de solo, abertura de dossel, sombreamento, dentre
outras. Tal comportamento demonstra a conexao e inter-relacdo entre as areas em um todo,
sendo tais influéncias mais fortes de acordo com a localizacdo e proximidade das areas.

Além disto, devido a variacao existente entre os diferentes estratos da area em processo
de restauracdo, o uso de diferentes metodologias de restauracdo deve ser melhor estudado
definido de acordo com as caracteristicas especificas verificadas em cada ambiente, custos

embutidos e eficiéncia nos resultados produzidos.

5. CONCLUSOES

Pelo fato deste ambiente apresentar heterogeneidade na cobertura e algum nivel de
invasdo de gramineas exoticas, torna-se necessario a manutencdo do monitoramento e
intervencdes para o controle e avanco do processo sucessional. Assim, recomenda-se o controle
das gramineas invasoras na area e plantio de mudas de espécies em nucleos de diversidade col
0 uso de espécies secundarias iniciais e tardias de habito arbustivo e arbéreo.

Além disto, recomenda-se a avaliagdo e monitoramento do banco de sementes em
diferentes épocas e também a utilizacado de espécies florestais com dispers@cazaped
podem auxiliar na dispersdo propagulos entre os fragmentos florestais do entorno e,
consequentemente, aumentar o fluxo génico na éarea, acelerando assim o processo de
restauracao ecoldgica deste ambiente.

Contudo, apesar da necessidade de poucas intervencdes, a area demonstrou que est:
evoluindo no ponto de vista sucessional e ecoldgico, porém, com necessidade de utilizacao de
técnicas para acelerar o processo de restauracao, enriquecer a diversidade local e atrair a faune

visando a sustentabilidade ambiental da area.
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Tabelal: Espécies vegetais e suas respectivas familias botanicas encontradas em cada parcel
na area de estudo.

Tablel: Vegetal species and their respective botanical families which were found in each plot

in the study area.

Parcelas FVv OR GE SD

Familia/espécie 1 2 3 4 5 6 7 8 9 10

Amaranthaceae
Amaranthus deflexus 36 5 23 28 170 442 153 1 H E Pi Z0oo
Arecaceae
Euterpe edulisMart. 4 A N st Zoo
Asteraceae
Erechtites hieraciifoliugL.) Raf. ex DC. 1 1 2 H N Pi Ane
Ageratum conyzoidds 115 159 127 126 98 129 172 88 79 123 H N Pi Zoo
Conyza canadensit.) Cronquist 11 15 18 21 31 33 17 17 33 17 H E Pi Ane
Emilia sonchifolia(L.) DC. 3 3 3 H N Nc Ane
Galinsoga parvifloraCav. 3 1 2 1 15 9 6 25 1 H E Pi Ane
Galinsoga quadriradiataRuiz & Pav. 12 3 H E Pi Ane
Gnaphalium pensylvaniculvilld 4 5 2 2 1 6 H N §j Ane
Gnaphalium purpureurh. 32 2 4 11 2 H N §j Ane
Gnaphalium spicaturiill. 1 1 1 4 15 H N sSi Ane
Sonchus oleraceus 2 3 3 H N Pi Ane
Vernonanthura diffusélLess.) H. Rob. 8 9 12 5 12 15 15 6 32 A N Pi Ane
Vernonanthura phosphoric@/ell.) H. Rob. 3 2 21 A N Pi Ane
Begoniaceae
Begonia cucullatawilld. 70 H N Ppj Ane
Continua...
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Brassicaceae

Lepidium virginicuni.
Cannabaceae

Trema micranth4L.) Blume
Commelinaceae

Commelina benghalendis

Commelina diffus®urm. f.
Convolvulaceae

Ipomoeasp.
Cyperaceae

Cyperus distans. f.

Cyperus rotunduk.
Euphorbiaceae

Euphorbia heterophylla.
Fabaceae

Senna multijuggRich.) H.S. Irwin & Barneby

Indeterminada
Indeterminada 1
Indeterminada 2
Indeterminada 3
Lamiaceae
Hyptis suaveolend..) Poit.
Leonotis nepetifoligL.) R. Br.
Malvaceae
Sida rhombifolial.
Triumfetta rhomboidedacq.
Melastomataceae
Leandra niangaeformi€ogn.
Onagraceae

Ludwigia tomentoséCambess.) H. Hara

Oxalidaceae
Oxalis corniculatal.
Phyllanthaceae
Phyllanthus tenelluRoxb.
Poaceae
Digitaria horizontalisWilld.
Digitaria insularis (L.) Fedde
Digitaria sanguinalis(L.) Scop.
Eleusine indicgL.) Gaertn.
Urochloa decumbenStapf

Urochloa plantaginedLink) Hitchc.

Portulacaceae
Portulaca oleraced..
Rosaceae
Rubus rosifoliusm.
Rubiaceae
Diodella tere(Walter) Small
Richardia brasiliensissomes
Spermacoce latifoli@ubl.
Solanaceae
Nicandra physaloidef_.) Gaertn.
Solanum americanuidlill.
Solanum mauritianurcop
Urticaceae
Cecropia hololeucaMig.
Pilea microphylla(L.) Liebm.
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Onde: FV= Forma de Vida; OR= Origem; GE= Grupo Ecoldgico; SD= Sindrerbésgerséo; H= Herbacea; B= Arbustiva;
A= Arbérea; T= Trepadeira; N= Nativa; E= Exética; Pi= Pioneira; Si= Seuimthicial; St= Secundaria Tardia; Nc= Nao

Classificado; Ane= Anemocorica; Aut= Autocorica; Zoo= Zoocorica.
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Tabela2: Valores de abertura de dossel (%Cnpy Open) e indice de &rea foliar (LAlgpara ca
parcela da area estudada.

Table2: Values of Canopy Openness (%Cnpy Open) and Leaf Area Index (LAI) to each plot in
the study area.

Parcelas % Cnpy Open LAI 4Ring

1 25.1 2.03
2 16.44 231
3 73.56 0.16
4 40.48 1.05
5 60.68 0.6
6 27.74 1.77
7 61.55 0.55
8 15.64 2.45
9 9.89 3.14
10 15.48 2.95
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Figura 2: Dendograma de similaridade entre as diferentes espécies encontradas na area de
estudo.
Figure 2: Dendrogram of similarity between the different species found in the study area.
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Figura 3: Analise de correspondéncia candnica entre o banco de sementes e as variaveis de
cobertura de dossel.

Figure 3: Canonical correspondence analysis between the seed bank and the canopy cover
variables.
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7. ARTIGO 6 - DINAMICA DA PAISAGEM EM DUAS REGIOES SOB
INFLUENCIA DA MINERACAO DE BAUXITA EM MINAS GERAIS-
BRASIL

RESUMO: A analise da paisagem € uma importante ferramenta utilizada para a gestao,
monitoramento e tomada de decisfes, principalmente quando se trata de areas degradadas, qu
séo propicias de forma mais intensa aos efeitos ou agentes de pressdo externa, que provocan
tais disturbios. Neste sentido, este estudo buscou avaliar a dindmica do uso e ocupacéao do solo
em duas regides sob influéncia de atividades de mineracdo. As regifes de andlise séo
localizadas no estado de Minas Gerais, sendo constituidas pelos municipios de Sdo Sebastiao
da Vargem Alegre e Mirai (R1) e Descoberto (R2), ambas na Zona da Mata Mineiras Atravé

do uso de imagens do sensor TM/LANDSAT 5 para os anos de 1985, 1995, 2005 e do sensor
MSI/SENTINEL-2 para o ano de 2016, foi realizada a classificacdo das imagens pelo software
ArcGis 10.2®. Como resultados, pode-se observar o predominio de areas de pastagem em
ambas as regides e periodos avaliados, além de uma tendéncia no aumento das areas florestai
e reducdo das areas de pecuaria, principalmente nos ultimos 11 anos. Assim, pode-se concluir
gue, na escala de paisagem, as areas mineradas néarafeprocesso de avanco da cobertura
florestal em ambas as regifes avaliadas. Pelo contrario, a mineracdo resultou no aumento da
cobertura florestal nas duas regifes devido as compensacBes ambientais com plantios de
espécies nativas regionais, bem como a criacdo de uma Reserva Particular de Patrimdnio
Natural (RPPN) Fazenda Boa Esperanca, localizada na regiao 2.

Palavras-chave:Exploracdo mineral; geoprocessamento; restauracao.

LANDSCAPE DYNAMICS IN TWO REGIONS UNDER INFLUENCE OF THE
BAUXITE MINING IN MINAS GERAIS-BRAZIL

ABSTRACT: The landscape analysis is an important tool used to manage, monitoring,
conservation and to take decisions, mainly when related with degraded areas, which are more
propitious to effects or external pressure agents that cause disturbances. In this sense, this study
evaluated the dynamic of the soil use and coverage in two regions under influence of mining

activities. These regions are located in Minas Gerais state, more specifically in the
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municipalities of Sdo Sebastido da Vargem Alegre and Mirai (R1) and Descoberto (R2), both
located in Zona da Mata Mineira. The image classification was done using ArcGis 10.2® which
used satellite images from TM/LANDSAT 5 for the years 1985, 1995, 2005 and from
MSI/SENTINEL-2 for 2016. As results, was verified the dominance of pasture areas in both
regions and years evaluated, besides a trend to increase the forest areas and decrease the
livestock areas mainly in the last years. Thus, we can conclude that, taking into account the
landscape scale, the mined areas not affect the process of forestal advance in both evaluated
regions.On the contrary, the mining results in the increase in the forest cover in both regions
due environmental compensation with planting of regional native species as well as creation of
one Private Natural Heritage Reserve (YHBoa Esperanca Fafocated in region 2.

Keywords: Mineral exploitation; remote sensing; restoration.

1.INTRODUCAO

Com o aumento das pressdes antropicas sobre o ambiente, um intenso processo de
substituicdo das paisagens naturais e usos da terra vem acontecendo. Essas interferéncias n
paisagem, convertem extensas e continuas areas naturais e causam inumeros problemas ao mei
ambiente, podendo também, afetar a disponibilidade e a qualidade de importantes recursos
naturais para a populacéo (Bezerra et al., 2011).

Neste sentido, a analise da paisagem é essencial para a compreensao e definicao de
técnicas para recuperacdo de ambientes alterados, gestdo e monitoramento ambiental, estandc
diretamente relacionada com as caracteristicas ambientais, sociais e econémicas de determinads
regido. Além disto, a analise em escala de paisagem € a base para estudos do tamanho,
comportamento e integridade de cada fragmefgtzger (2000) que envolve e relaciona o
histérico da degradacao, as situacdes do entorno (caracteristicas), as variacdes espaciais €
temporais sofridas e os aspectos econdmicos e sociais da regiao de abrangéncia.

Atualmente, o uso de Sistemas de Informacdes Geograficas (SIG’s) constitui uma das
principais ferramentas de analise e gestdo da paisagem. Como ela, torna-se possivel analisar
alteragc6es nos padrdes de cobertura, dindmica de movimento, abrangéncia e evolugédo em Vvarios
niveis e escalas de tempo e espaco, bem como representar 0s arranjos espaciais dos elementc
da paisagem (manchas, fragmentos, corredores, etc.) através de mapas categéricos (Read &
Lam, 2002).

Neste sentido, a avaliacdo da paisagem permite identificar elementos e detectar padroes

de comportamento que podem auxiliar no processo de reabilitacdo e restauracdo de areas
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degradadas (Martins et al., 2012). Segundo Botequilha Leitdo & Ahern (2002); Leitéo et al.
(2012) e Miller et al. (2005), com base na analise da paisagem e calculo de métricas, € possivel
um melhor entendimento da relacdo da estrutura e funcdo da paisagem, estimando com isto o
planejamento e execucdo de atividades e auxiliar na compreensdo das mudancas nas
perspectivas visuais, ecoldgicas e culturais.

Além disto, com esta ferramenta, é possipetdizer” valores e/ou comportamentos
futuros da paisagem (dinamica ambiental), sendo uma importante ferramenta para determinar
medidas a serem tomadas, tendo em vista as previsdes futuras. Diante disto, a analise da
paisagem pode servir para direcionar técnicas e minimizar os custos e danos causados por
determinada atividade ou uso do solo, identificando também os principais agentes de mudanca
na paisagem.

Nesta perspectiva, a compreensdo da dinamica, comportamento e caracteristicas de
ambientes naturais ou em restauracao, podera servir de alicerce para a definicdo das melhores
técnicas e espécies a serem utilizadas em projetos de recuperacdo de areas degradadas (RAD
definindo assim o sucesso ou ndo da acéo realizada e reduzindo o desperdicio de tempo e
dinheiro nas atividades desenvolvidas. Além disto, poderédo ser identificadas e comparadas
areas com diferentes escalas temporais de sucessao, identificando assim os diferentes estadio
de sucessdo, direcéo e velocidade de irradiacdo além de possiveis agentes de interferéncia nest
processo.

Por fim, através da definicdo de padrdes de dinAmica de fragmentos, poderdo ser
definidas técnicas preventivas em atividades com potencial de impacto ambiental, assim como
a identificacdo de padrdes ambientais e auxilio em programas de gestdo e monitoramento de
areas degradadas.

Diante disto, o objetivo deste trabalho foi realizar uma avaliacao temporal (1985-2016),
em duas regides de exploracdo mineral e verificar as mudancas de uso e ocupacao do solo nas

areas e sua relagdo com as atividades de mineragéo.

2.MATERIAL E METODOS

O presente estudo foi realizado no estado Minas Gerais, nas cidades de Sao Sebastiao
da Vargem Alegre e Mirai (Regidodpescoberto (Regido 2), conforme apresentado na Figura
1. Estas regides apresentam um historico de exploracdo mineral de bauxita pela Companhia
Brasileira de Aluminio (CBA-Votorantim), com variadas areas em diferentes fases de

exploracéo e restauragao.
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Figura 1: Localizacao das regides de estudo no Estado de Minas Gerais.
Figure 1: Location of the study regions in Minas Gerais state.

Estas regides fazem parte da Zona da Mata Mineira e estédo inseridas no Bioma Mata
Atlantica. Segundo Kdppen (1948), a classificagdo climética é do tipo Aw tropical, com
precipitacdo pluviométrica média anual de aproximadamente 1300 mm, estacdo chuvosa de
novembro a abril e seca de maio a outubro (Antunes, 1986; Lopes & Branquinho 1988).

A Regido 1 (R1) possui uma extensao total de 394.6 kmz2 e altitude que varia de 217 a
1355 m, enquanto que a Regido 2 (R2), possui 213,2 Kmz2 e altitude que varia de 283 a 1381 m
(USGS, 2000). Além disto, estas regibes sao caracterizadas por possuirem remanescentes d
Floresta Estacional Semidecidual Submontana (Oliveira-Filho et al. 2005) e Floresta Estacional
Semidecidual Montana (IBGE, 2012), respectivamente.

Para analise da dinamica da paisagem se analisou imagens espaciais de uma série
histérica de 31 anos. O intervalo de avaliacdo foi de aproximadamente dez anos, sendo
analisado os anos de 1985, 1995, 2005 e 2016 de cada uma das regifes, sendo todas as imager
utilizadas para esta avaliagdo adquiridas nos meses de julho e agosto através dos satélites
LANDSAT 5 ea ultima (2016) por meio do satélite SENTINEL-2 (com resolucéo espacial de

30 e 10 metros respectivamente).
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As regides analisadas apresentam variadas areas de mineracdo e também j4 mineradas
com diferentes caracteristicas, estagios e idades de restauracéo, além de diferentedetécnicas
restauracao utilizadas para recuperar o ambiente degradado pela extracdo da bauxita e outros
minerais. Assim, para a analise da evolugcdo e comportamento destas areas, levou-se em
consideragao os variados usos e coberturas do solo existentes nas regides.

Para a andlise e processamento das informac¢des de cobertura vegetal e posterior
classificacdo das imagens da area em questdo, foram utilizadas imagens orbitais
disponibilizadas pelo Instituto Nacional de Pesquisas Espaciais (INPE), além de imagens
obtidas pelo satélite SENTINEL-2, disponibilizadas [eleopean Space Agen(¥SA). Além
disto, foram utilizadas informacdes do relevo através do Modelo Digital de Elevagcédo (MDE)
disponibilizado pela NASAShuttle Radar Topography Missi¢gSRTM), com 30 metros de
resolucédo (USGS, 2000).

O sistema de projecao utilizado como base para o georefenciamento das imagens foi o
Transversal Universal de MercatqtyTM), com coordenadas planas padronizadas para o
Datum SIRGAS 2000, zona 23S. Anteriormente ao processo de classificacdo, foi realizada a
correcdo geométrica das imagens através da selecdo de pontos de controle terrestres (PCT’s)
gerado o indice de Vegetagédo da Diferenca Normalizada (NDVI), expresso pela efjuacéo
para ressaltar a vegetacao existente e assim, realizar a composi¢ao colorida das bandas 3(B).
NDVI(G), 5(R), gerando uma imagem multiespectral contendo a regido do infravermelho

préximo.

p NIR — pred
p NIR + pred

Equacao1: NDVI =

Onde: p NIR= banda do Infravermelho proximo; p red= banda do vermelho

Em sequéncia, foram definidos pontos de amostragem e realizada a classificacdo das
imagens através da classificacdo supervisionada por maxima verossimpklargassificador
Maximum Likelihood ClassificatiofMAXVER), sendo o processamento das imagens
realizado através deoftwareArcGis 10.2®. Diante disto, foram classificadas cinco classes
distintas de uso e cobertura do solo: Vegetacdo Inicial/Média; Vegetacdo Avancada;
Agricola/Pastagem; Urbanizacéo e Agua.

Cabe destacar que todas as imagens produzidas/classificadas, foram padronizadas para
a mesma resolucdo espacial (30 metros) a titulo de comparacdo e postericica\Ehac

sequéncia ao processo de classificacdo supervisionada foi realizada a filtragem da imagem e
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removido os pixels agrupados, classificado aquelesarea < 3 pixels e realizada a uniédo
destes na classe vizinha.

Assim, para cada ano avaliado e tendo em vista as amostras de treinamento e validacao
adquiridas anteriormente ao processo de classificacdo das imnageds estas Ultimas
adquiridas com o auxilio do Google Earth, foi gerada a matriz de confuséo de cada ano e para
ambas as regides. Através desta matriz, que demonstra a acuracia do mapeamento produzido.
além de uma estatistica por classe de uso do solo e possibilidade de identificar os acertos e erros
produzidos pela classificacao, foi calculada a estatistica Kappa e indice de exatiddo global para
as duas regides avaliadas.

A andlise grafica da dindmica do uso e cobertura do solo nas regides avaliadas foi

realizada através do software R (R Core Team, 2016).

3. RESULTADOS E DISCUSSAO

Diante das informacgdes coletadas e andlises realizadas, foi possivel identificar a
dindmica do uso e cobertura do solo ao longo do periodo avaliado (31 anos). Esta variacédo pode
ser observada de maneira visual na Figura 2, que representa a mudanca da paisagem ocorride

em ambas as regifes durante este periodo.

LAND USE AND COVER IN REGION 1 (1985) LAND USE AND COVER IN REGION 1 (2016)
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LAND USE AND COVER IN REGION 2 (1985)

LAND USE AND COVER IN REGION 2 (2016)

T e - - e -

Figura 2: Dinamica do uso e cobertura do solo ao longo de 31 anos para ambas as regioes
analisadas.
Figure 2: Land use and change coverage along of 31 years in the analyzed regions.

Quanto a acuracia da classificagdo supervisionada das imagens, estas apresentaram um
Kappa médio de 0.8389 para a regido de S&o Sebastiao da Vargem Alegre (RB24 e 0
para a regido de Descoberto (R2), assim como indice de exatiddo global de 0.9061,e 0.8884
respectivamente. Assim, conforme apresentado por Landis & Koch, (1977), estes resultados
podem ser qualificados como excelentes.

Referente ao uso e ocupacao do solo para as areas avaliadas, observou-se que, no geral
houve uma mudanca gradaterauave nos 20 anos iniciais da anélise (198605) em ambas
as regides (ver Tabela 1). Este comportamento fica mais evidente e saliente no intervalo dos
altimos 11 anos (2005 2016), que pode ser explicado pela melhor resolucéo espacial das
imagens utilizadas para a classificacdo no ano de 2016 e/ou pelas rapidas mudancas ocorridas
neste intervalo.

O percentual de uso e cobertura do solo para ambas as regides avaliadas é apresentadc
na Tabela 1, que representa a dinamica dos usos e coberturas do solo para cada classe d

cobertura avaliada.
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Tabela 1: Uso e cobertura do solo e respectivos percentuais de ocupacéo para cada classe ¢
regiao.
Table 1: Land use and coverage and their percentages to each class and region evaluated.

Classes de uso e cobertura do solo (%)

Classes Urbano Agricola Veg. /M Veg.Av Agua
R1 1985 0,19 81,79 4,27 13,74 0,02
R1_1995 0,26 82,39 3,93 13,40 0,02
R1_2005 0,34 83,62 2,61 13,37 0,06
R1 2016 0,53 73,39 10,09 15,65 0,34
R2_1985 0,14 77,64 8,56 13,43 0,24
R2_1995 0,26 77,51 9,50 12,51 0,22
R2_2005 0,30 76,05 6,67 16,46 0,51
R2_2016 0,34 60,92 0,89 37,58 0,27

Esta variacdo ao longo dos 31 anos avaliados, pode também ser observada na Figura 3,
gue expressa em hectares a diferenca existente entre as principais classes de cobertara da regia
(vegetacdo e agricultura). Cabe ressaltar que a classe aqui denominadaAgoicuda”,
representa as areas cobspor pastagem e também aquelas utilizadas para o cultivo de culturas
anuais, sendo ambas classificadas de maneira conjunta devido a dificuldade de identificacdo
visual e baixa resolucéo espacial das imagens utilizadas.

Além disto, para fins comparativos, foram unidas as classes de cobertura vegetal
(“Veget Av” e “Veget IM”), em uma classe apenas e denominada “Florest” (ver Figura 3)

Com isto, percebeu-se que, quando comparado com o montante formado pela area agricola e
florestal, estas sdo inversamente proporcionais, além de apresentarem certa tendéncia ao longc

dos anos (principalmente na regiao 2).
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Agricola x Floresta (R1) Agricola x Floresta (R2)
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Figura 3: DinAmica da cobertura vegetal e agricola para as duas regides de estudo.
Figure 3: Dynamics of vegetation and agriculture coverage to both study regions.

No tocante a dindmica da cobertura florestal total (independentemente do nivel
sucessional), verificou-se crescimento nos montantes totais encontrados tanto na regidao 1, como
na regido 2, isto considerando o intervalo e o periodo analisado (31 anos). Por outro lado,
avaliando a classe denominada como “Agricola”, observou-se uma reducgdo consideravel em
ambas as regides, principalmente nos ultimos 11 anos considerados (2005-2016), que
apresentaram uma reducéo de 10,23% e 15,13% para as regifes 1 e 2, respectivamente.

Este comportamento se deve pelo fato de que nas areas exploradas pela mineragdo, saa
realizados trabalhos de restauracédo para reestabelecer a cobertura florestal anteriormente
existente, além de serem criadas areas de compensacao ambiental com reflorestamento atravé:
do plantio de mudas nativas em areas de pastagem. Exemplo disto, pode ser observado na regiac
2, através da protecdo e conservacdo de uma Reserva Particular de Patriménio Natural (RPPN)
Fazenda Boa Esperanca, que beneficia e auxilia na manutencdo da diversidade regional, além
de contribuir para o desenvolvimento sustentavel da atividade.

Quando considerado apenas os ultimos 11 anos (maior variacdo nas mudancas de uso e
ocupacao do solo), observou-se anmento de 9,76% e 15,34% na classe florestal total
(vegetacéo inicial + vegetacdo avancada), para as regides 1 e 2 respectivamente. Esta maior
evolucéo da cobertura florestal em ambas as regides, pode estar relacionada ao abandono de
areas degradadas pela agricultura e pecuaria devido a baixa fertilidade e producgéo, além da
conversdo de areas anteriormente utilizadas pelo setor agricola em areas de floresta (projetos

de restauracao e/ou abandono de @reas

106



Esta tendéncia também pode ser observada nos trabalhos realizados por Amaral et al.
(2009); Lira et al. (2012), que apresentam grande dominio territorial da classe agricola diante
das demais, assim como os resultados aqui encontrados. Em contrapartida, o estudo realizado
por Sonter et al. (2014) em uma regido sob influéncia da mineracao localizada no Quadrilatero
Ferrifero-MG, apresentou comportamento diferenciado dos padrdes aqui verificados, com
reducdo na area de floresta nativa ao longo de 20 anos.

Pode-se observar que ambas as regifes avaliadas apresentaram dominio agropecuario
ao longo do periodo testado, representando uma média de 80,3% para a regido 1 e 73,03% pare
aregido 2. Em contrapartida, a classe de vegetacdo apresentou dominio médio de apenas 19,2¥%
e 26,4% para estas regides, respectivamente, demonstrando assim que ambas as regides forar
historicamente exploradas pela agropecuaria, sendo este o principal agente de influéncia na
paisagem.

Diante disto, no contexto da exploracdo mineral, pode-se dizer que esta atividade n&o
influenciou de forma significativa a variacdo do uso e cobertura do solo na regido quando
analisada a perspectiva histérica de ambas as regides de estudo. Além disto, pelo fato da
empresa restaurar as areas como medida de compensacdo ambiental, que muitas vezes ¢
realizada em &reas de pastagem degradada, esta a¢do gera ganhos ambientais no médio e lonc
prazos e aumento da cobertura florestal, contribuindo para a sustentabilidade ambiental da
atividade.

4. CONCLUSAO

Diante dos resultados obtidos, pode-se observar que, na escala de paisagem, a atividade
de mineracdo ndo apresentou influéncias negativas na cobertura florestal de ambas as regides
gue no geral, apresentou incremento ao longo dos anos avaliados. Além disto, diante do
dominio e das condicfes gerais das atividades agropecuarias nestas regides, este setor
demonstrou ser 0 mais preocupante a nivel de impactos ambientais produzidos.

Neste sentido, recomenda-se a ado¢do de politicas publicas de apoio e incentivo ao
plantio de espécies nativaseestauracdo de ambientes agropecuarios degradados, educacao
ambiental das comunidades afetadas, além do uso de técnicas conservacionistas de solo €
manejo sustentavel da cobertura existente das areas de agropecuaria.

Por fim, a mineracdo e bauxita tem possibilitado o0 aumento da cobertura florestal por
dois motivos principais: 1) a restauracéo florestal das areas mineradas e 2) a compensagao

ambiental com plantios de mudas de espécies nativas em areas de pastagem degradada.
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8. CONSIDERACOES FINAIS

A partir dos resultados obtidos com a realizacéo slestedos, pode-se concluir que
ambas as areas mineradas analisadas estdo cumprindo sua funcéo ecolégica e evoluindo dc
ponto de vista sucessional e ambiental. Além disto, ambas as situa¢des apresentaram indicativos
de interacdes com a fauna local (presenca de espécies zoocoricas), 0 que colabora para o fluxa
génico, dispersdo e variabilidade genética das populacdes de plantas e animais nestes
ambientes.

Somado a isto, estes estudos se mostraram fundasneatadentificacdo de areas
prioritarias para o desenvolvimengd@stabelecimento de técnicas de restauracao voltadas ao
enriguecimento em diversidade, controle de gramineas invasoras, identificacdo de agentes de
degradacédo para auxilio no processo de tomada de decisGes a respeito do estabelecimento d
técnicas de manejo e conservacao do solo.

Quantoaeste ultimo fator (conservacao do 9olwa regido de influéncia da mineracéo,
esta atividade néo foi o principal agente degradante que influenciou no processo de producao
de sedimentos da microbacia, isto devido a sua especificidade (areas pontuais), além do baixo
periodo de tempo em que 0 solo permanece exposto, uma vez que a mineracdo de bauxita é
rapida (de um a poucos meses de exploracdo) e o processo de recobrimento do solo com a
vegetacdo implantada realizado logo apds o término das atividades.

Este padrdo pode ser ainda mais evidenciado diante da qualificacdo do processo
produtivo da empresa que, através de parcerias com universidades, qualificacdo dos
profissionais envolvidos no setor ambiental, aplicacdo das técnicas recomendadas por
especialistas e por fim, compromisso na execucao das atividades, permite com que as atividades
desenvolvidas exprimam todo o seu potencial em recuperar 0 ambiente ahééadalisto,
com a melhor eficiéncia no processo de selecdo das espécies, definicdo dastéelfioas
de restauracdo a een utilizadas em funcdo de cada situacdo, assim como O constante
monitoramento e avaliacdo dos processos ecoldgicos, torna-se possivel o maior controle do
processo de producao, reducdo dos custos embutidos e maiores ganhos ecoldgicos em vista de
sustentabilidade ambiental.

Neste sentido, as agbes de restauracdo ecologica e comprometimento da Companhia
Brasileira de Aluminio (CBA-Votorantim), vem produzindo bons resultados e beneficios

ambientais positivos para toda a regido. Estes beneficios estdo ligados desde ao acréscimo de
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cobertura florestal na regido, conservacdo dos solos e aumento em diversidade de espécies
arboreas e dos processos ecoldgicos nas areas mineradas.

Tais beneficios séo visualmente percebidos pelo fato de a regido apresentar dominio
paisagistico da agropecudaria, caracterizada principalmente por possuir areas de pastagem em
variado estagio de degradacéo, que somado ao relevo acidentado, baixa resiliéncia de algumas
areas devido a utilizacdo do fogo pelos produtores rurais e constante pressdo sobre os
remanescentes florestais nativos, fazem com que as areas restauradas sejam um bercario de
biodiversidade e banco de material genético vegetal para toda a regido, inclusive com a presenca
de espécies ameacadas de extincdo, cumprindo assim seu papel ambiental e social para &
comunidade.

Por fim, pode-se concluir que, como constatado neste estudo, quando bem conduzidas
as técnicas utilizadas antes e durante o processo de restalgraggas mineradas, assim como
a concordancia e conformidade com as legislacbes ambientais estaduais e federais vigentes,
torna-se possivel a producdo de bons resultados, além de ganhos ambientais, econémicos e
sociais para toda a sociedade, reduzindo assim os impactos ambientais gerados e tornando o0¢
custos produtivos mais atrativos. Portanto, este € mais um estudo que comprova a viabilidade

e sustentabilidade ambiental da mineracao de bauxita na Zona da Mata mineira.
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9. APENDICE
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Tabela 1: Nomenclatura cientifica e popular das espécies vegetais encontradas nos levantamentos de campo.

Planting

Natural

Family / Species Common name of Restoration regeneration Seed bank
seedlings (14 years) (6 years) (6 years)
Achariaceae
Carpotroche brasiliensiRaddi) A Gray Fruta de cutia; Sapucainha X
Anacardiaceae
Astronium fraxinifoliumSchott Gongcalo-alves; Gongaleiro X
Mangifera indicalL. Manga; Mangueira X
Spondias mombih. Cajazeiro; Tapereba X
Annonaceae
Annona cacangVarm. Araticum; Araticum cagéo X
Xylopia sericed. St-Hil. Pindaiba; Pimenta de macaco X
Amaranthaceae
Amaranthus deflexus Caruru; Caruru rasteiro X
Arecaceae
Euterpe edulidart. Palmito Jugara; Palmito doce X X X
Syagrus romanzoffian@ham.) Glassman Palmeira Jeriva X
Asteraceae
Ageratum conyzoidds Mentrasto; Erva de séo jodo X
Baccharis dracunculifolidadC. Vassourinha; Alecrim do campo X
Conyza canadens(t.) Cronquist Buva; Voadeira X
Emilia sonchifolia(L.) DC. Falsa serralha; Serralhinha X
Erechtites hieraciifoliugL.) Raf. ex DC. Serralha brava; Carigoba X
Galinsoga parvifloraCav. Brinco de Princesa; Botédo de ouro X
Galinsoga quadriradiataRuiz & Pav. Fazendeiro; Botédo ouro X
Gnaphalium pensylvaniculvilld Macela; Meloso X
Gnaphalium purpureurh. Macela fina; Escama sapo X
Gnaphalium spicaturivill. Erva branca; Macela branca X
Continua...
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Piptocarpha macropodéDC.) Baker Cambara preto; Candeia X

Sonchus oleraceus Serralha; Serralha lisa X

Symphyopappus itatiayengldieron.) R.M.King & H.Rob. Vassoura X

Vernonanthura diffusélLess.) H.Rob. Cambaréacu X X

Vernonanthura discolofSpreng.) H.Rob. Verndnia; Vassourdo branco X

Vernonanthura phosphoric@/ell.) H.Rob. Assa peixe; Cambara branco X X
Begoniaceae

Begonia cucullatavilld. Azedinha do brejo X
Bignoniaceae

Handroanthus heptaphyll¥ell.) Mattos Ipé roxo

Jacaranda micranth&ham. Caroba; Carobéo X

Sparattosperma leucanthufvell.) K.Schum. Caroba branca X

Zeyheria tuberculos@vell.) Bureau ex Verl. Ipé tabaco; Ipé preto
Brassicaceae

Lepidium virginicuni. Mastruco; Mastruco de galinha X
Cannabaceae

Trema micranth4L.) Blume Grandilva; Crindetva X X
Commelinaceae

Commelina benghalendis Maria mole; Erva de santa luzia X

Commelina diffus®urm. f. Trapoeraba; Marianinha X
Convolvulaceae

Ipomoeasp. NC X
Cyperaceae

Cyperus distank. F. Trés quinas; Junquinho X

Cyperus rotundusk. Tiririca; Capim danda X
Chrysobalanaceae

Licania sp NC

Licania tomentos#Benth.) Fritsch Oiti; Oitizeiro
Euphorbiaceae

Alchornea glandulos&oepp. Tanheiro

Continua...
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Aparisthmium cordaturfA.Juss.) Baill. Iricurana X
Croton urucuranaBaill. Sangra d’agua; urucurana X
Euphorbia heterophylla. Leiteira; Amendoim bravo X
Joannesia princep¥ell. Boleira; Cutieira X X
Mabea fistuliferaMart. Canudo de pito; Mamoninha do mato X
Maprounea guianensigubl. Cascudinho; Bonifacio X
Fabaceae

Anadenanthera colubrin@Vvell.) Brenan Angico branco; Mamica de porca X
Anadenanthera peregrind..) Speg. Angico vermelho X X
Apuleia leiocarpaVogel) J.F.Macbr. Garapa; Grapia X
Cassia ferruginedSchrad.) Schrad. ex DC. Canafistula X

Cassia grandid.. f. Cassia rosa; Cassia grande X X
Clitoria fairchildiana R.A.Howard Sombreiro; Faveira X X
Dalbergia nigra(Vell.) Benth. Angelim de morcego; Angelim do camp X X
Enterolobium contortisiliquuniVell.) Morong Timbaudva; Orelha de negro X
Hymenaea courbaril. Jatobd; Farinheira X X
Inga laurina(Sw.) Willd. Inga mirim; Inga feijao X
Inga verawilld. Inga do brejo; Inga pequeno X X
Libidibia férrea(Mart. ex Tul.) L.P.Queiroz Pau ferro; Juca X
Lonchocarpus muehlbergianttassl. Timb6; Rabo de bugio X
Machaerium nyctitanéVell.) Benth. Bico de pato; Sovela X
Peltophorum dubiuniSpreng.) Taub. Faveiro X
Piptadenia gonoacanth@art.) J.F.Macbr. Pau jacaré; Angico jacaré X X
Plathymenia reticulat®enth. Vinhatico X
Platypodium elegangogel Amendoim do mato; Uruvalheira X
Poincianella pluviosgDC.) L.P. Queiroz Sibipiruna X X
Schizolobium parahyb@/ell.) S.F.Blake Guapuruvu; Ficheira X
Senegalia polyphylléDC.) Britton & Killip Monijoleiro X
Senna macranthergCollad.) H.S.Irwin & Barneby Fedegoso; Manduirana X X
Senna multijuggRich.) H.S.Irwin & Barneby Farinha seca X X X

Continua...
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Lamiaceae

Aegiphila sellowiana&Cham. Papagaio; Tamanqueira X
Hyptis suaveolend..) Poit. Alfavaca de caboclo; Alfazema brava X
Leonotis nepetifoligL.) R. Br. Cordao de frade X
Lecythidaceae
Cariniana estrellensigRaddi) Kuntze Jequitiba; Jequitiba branco
Cariniana legalis(Mart.) Kuntze Jequitiba; Jequitiba rosa X
Malpighiaceae
Lophanthera lactescerducke Chuva de ouro
Malvaceae
Luehea grandifloraMart. Acoita cavalo X
Pseudobombax grandiflorutav.) A.Robyns Embiricu; Imbirigu X
Sida rhombifolial. Mata pasto; guanxuma X
Triumfetta rhomboidedacq. Carrapicho; Carrapicho grande X
Melastomataceae
Leandra niangaeformi€ogn. Calcéo de velho X
Miconia cabuctHoehne Pixiricucu; Pixiricdo X
Miconia cinnamomifoligDC.) Naudin Jacatirdo; Jacatirdo acu X
Tibouchina granuloséDesr.) Cogn. Quaresmeira; Quaresmeira roxa X
Meliaceae
Cabralea canjeran&aldanha Canjerana X
Cedrela fissilisvell. Cedro X
Guarea guidonigL.) Sleumer Taulva; Marinheiro X
Guarea kunthiana\.Juss. Canjambo X
Trichilia lepidotaMart. Catigua; Baga de morcego X
Moraceae
Artocarpus heterophyllusam. Jaca X
Myrtaceae
Eugenia floridaDC. Pitanga
Myrcia fallax (Rich.) DC. Guamirim; Coragéo tinto X
Continua...
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Myrcia splendengSw.) DC.

Psidium guajava..

Syzygium cumir(L.) Skeels
Onagraceae

Guamirim da folha fina
Goiaba
Jamelao

Ludwigia tomentoséCambess.) H. Hara Cruz de malta X
Oxalidaceae
Oxalis corniculatal.. Erva azeda; Trés coracdes X
Poaceae
Digitaria horizontalisWilld. Capim colchao; Capim milha X
Digitaria insularis (L.) Fedde Capim amargoso; Vassourinha X
Digitaria sanguinalis(L.) Scop. Milha; Milha de pendao X
Eleusine indicgL.) Gaertn. Capim pé de galinha X
Urochloa decumbenStapf Brachiara X
Urochloa plantaginedLink) Hitchc. Brachiaria X
Portulacaceae
Portulaca oleraced.. Beldroega X
Phyllanthaceae
Phyllanthus tenelluRoxb. Quebra pedra; Erva pombinha X
Phytolaccaceae
Gallesia integrifolia(Spreng.) Harms Pau dalho
Primulaceae
Myrsine ferruginegRuiz & Pav.) Spreng Capororoca
Rubiaceae
Genipa americand. Jenipapo; Jenipaba
Rosaceae X
Rubus rosifoliussm. Amoreira silvestre X
Rubiaceae
Diodella teregWalter) Small Corre mundo X
Richardia brasiliensissomes Poaia; Poaia branca X
Spermacoce latifoli@ubl. Erva quente X
Continua...
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Rutaceae

Dictyoloma vandellianunA. Juss.

Zanthoxylum rhoifoliunt.am.
Salicaceae

Casearia gossypiospernixiq.
Solanaceae

Nicandra physaloidef_..) Gaertn.

Solanum americanumdlill.

Solanum mauritianurscop

Solanum cernuundell.

Solanum swartzianufRoem. & Schult.
Urticaceae

Cecropia glazioviiSnethl.

Cecropia hololeuciqg.

Pilea microphylla(L.) Liebm.
Verbenaceae

Lantana camard..

Tingui; Brauninha
Mamica de porca; Tembetari

Laranjinha; Pau de espeto

Jué de capote; baldo

Maria preta; Erva moura
Fumo bravo; Fumeiro bravo
Panacéia

Fumeirinho

Embaudba vermelha
Embalva prateada; Embauba branca

Brilhantina; Dinheirinho

Cambarg; Lantana

Onde: NC = Nao Classificada

118



