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RESUMO

MIRANDA NETO, Aurino, D.Sc., Universidade Federal de Vigofevereiro de 2015
Banco de sementes do solo, regeneracdo natural e dindmica da sdhegdia em
area minerada em processo de restauracdo no sudeste do Brafirientador:
Sebastido Venancio Martins.

Este estudo teve como objetivo geral avaliar o bancedentes do solo, o estrato de
regeneracao e a serapilheira de uma area mineradaeessow de restauracdo, apos dez
anos de sua implantacdo. Na area, foram alocadas 40apatee3,0 x 3,0n. Em cada
parcela coletou-se uma amostra de solo superficial (0)250xx 0,05 m) para avaliacéo
do banco de sementes do solo pelo método de germinacdsardecsombra, durante
seis meses. Para avaliar o estrato de regeneracaopsaibsistos e arvores com altura
> 0,30 m e diametro a 1,30 m de altura (APS,0 cm presentes nas parcelas foram
amostrados e classificados em categorias sucess@®gsaigromes de dispersdo. Foram
instalados 40 coletores denf2 O material (serapilheira) interceptado pelos coletores
foi coletado mensalmente, durante um ano, e separado e@edrafolha, floy
fruto/semente e rams Em seguidaa producéo foi quantificad&@uarenta litterbags
foram distribuidos na area de estu@oi estimada a taxa de decomposicdo "K' e o
tempo de meia viddtos) da serapilheira. No banco de sementes emergiram 2.489
plantulas, pertencentes a 69 espécies e 23 familias dastare densidade de 830
propagulos M. As familias com maior densidade foram Poaceae e Carwmba
Houve maior proporcdo de espécies e individuos da categodassutal pioneira
sindrome de dispersdo zoocorica. No estrato de regenerdgéal faram registrados
705 individuos 80 espécies e 30 familiads familias com maior riqueza de espécies
foram Fabaceae e Melastomataceae e a espécie cornrovalar de importancia (VI

foi Myrcia splendens (Sw.) DC. Predominaraam espécies secundarias iniciais e
zoocoricas. A producdo anual de serapilheira foi estimada. &2 + 1.940 kda. A
fracdo predominante foi de folhas (5.101 + 1.486 Hay). A maior taxa de
decomposicae consequente menor valor de meia-videam registradoso periodo
outubro-dezembro de 2012. Com os resultados obtidos, aposakeze implantacdo
do projeto de restauragdm relacdo a composicao floristica do estrato de resyer
da capacidade de resiliéncia da floresta e da dinamica dpillsgira, pode-se

considerar que 0s processos ecoldgicos daf@maa restaurams com sucesso.



ABSTRACT

MIRANDA NETO, Aurino, D.Sc., Universidade Federal de VicoBapruary, 2015
Soil seed bank, natural regeneration and litter dynamicsin mined area in
restoration process in southeast BrazilAdviser: Sebastido Venancio Martins.

The aim of this study was to evaluate the soil seed hhekegeneration layer and litter
dynamicsof a mined arean restoration procesafter ten years of its implementatidn

the area, was allocated 40 plots of 3.0 x B.0In each plot collected a sample of
surface soil (0.25 x 0.30 x 0.05 m) to evaluate the soil saeki by germination method
in shade house for six months. To assess the regeneatér, all the shrubs and trees
with height > 0.30 m and diameter at 1.30 m height(DBH) < 5.0 cm within plots were
sampled and classified as successional categories anersdisgyndromes. Were
installed 40 litter traps of 2 The material (litter) intercepted by the traps was
collected monthly during one year and separated into drestieaf, flower, fruit-seed
and branches. Therhe production was quantified. Forty litterbags were arranged
systematicallyin the study area. Was estimated decomposition ‘tdteind half-life
time (tos) of the litter. In the seed bank emerged 2,489 seedliogenging to 69
species and 23 botanical familiesnd density of 830 seedlings?mPoaceae and
Cannabaceae were families with higher denstydominated species and individuals
in the successional category pioneer and dispersion syedmmochoric.In natural
regeneration layer we found 705 individuals, 80 species andrBilies. The families
with the greatest species richness were Fabaceae aadtdfehtaceae and the specie
with the greatest importance value (V) was Myrcia splend®ns) DC. Predominated
the early secondary species and zoochoric species. Thel dittengoroduction was
estimated at 6,772 + 1,940 kg*. The predominant fraction was leaf (5,101 + 1,486 kg
ha?). The highest decomposition rate and the consequenttloales for half-life were
recorded in the period October-December 2012. With theltsesbtained, after ten
years of implementation of the restoration prqjactrelation the floristic composition
of the regeneration layethe resilience of the forest and the litter dynamia c

consider that the ecological processes of the wesasuccessfully restored.
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1. INTRODUCAO GERAL

O Brasil € 0 quarto maior produtor mundial de bauxita, com B8®fibes de
toneladas (11,5% da producdo mundial) em 2013, depois da Austthiiaa e
Indonésia (U.S. GEOLOGICAL SURVEY, 2015). As reservas mundiaisbauxita
somam 28 bilhdes de toneladas e o Brasil possui a tercaoareserva (9,3%), depois
de Guiné e Australia (U.S. GEOLOGICAL SURVEY, 2015

A mineracao é um agente impactante sobre o meio ambientapese&r de ndo
ocupar grandes extensdes de terra como a agricultyvacuaria, pode provocar efeitos
ambientais negativos em fungcdo do movimento de camada®ldoe supressao da
cobertura vegetal (BANNING et al., 2008; BARROS et al., 2012). (@t cabe
destacar que as empresas de mineracdo estdo entre asisjuavesiem na area
ambiental, na restauracdo de areas degradadas, na compeasagantal e na
conservacao de reservas e APPgeas de Preservacio Permanente.

Neste cenario torna-se necessariatilizacdo de técnicas de restauracao florestal
visando a recomposicao do ecossitema degradado e o retccomdeidades vegetais
representativas da diversidade das formacdes florestais ar@itea degradada esta
inserida (JEFFERSON, 2004; COURTNEY et al., 2009).

A restauracao florestal proporciona ao sitio degradaddigiies minimas para o
estabelecimento dos processos ecologicos e pode traamedegr contribuicbes ao
conhecimento da ecologia, permitindo observar e avaligurgionalidade das
comunidades vegetais (RODRIGUES e GANDOLFI, 2000; LOPES et al.,, 2006).
Assim, torna-se importante a avaliacdo da restauracéo.

E possivel realizar a avaliacdo da restauracdo fdrastavés de intimeros
indicadores, tais como: presenca de espécies arboreasag)@tiocvasoras, ataque de
formigas cortadeiras, sintomas de deficiéncia nutricionainero de individuos de
espécies arbustivo-arb&s mortalidade de mudas, cobertura de area por espécies
arbustivo-arbdreas e acréscimo de outras formas de vida.

Entretanto, os indicadores mais utilizados séo os iddiea vegetativos como:
a regeneracao natural, crescimento e sobrevivéncia dass mlatgadas, chuva de
sementes, banco de sementes do solo, abertura dd, gosdeicdo de serapilheira e
ciclagem de nutrientes (MARTINS, 2013).

Ecossistemas florestais apresentam grande complexidadea $&o idénticos,

pelo menos se forem examinados com maiores detalheseqreentemente nenhum
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ecossistema restaurado sera exatamente igual a umsistézms de referéncia. Se o
grande numero de varidveis que podem ser utilizadas paracéeafor efetivamente
usado, o tempo necessario para obtencéo de resultadoepmpsiersler muito. Cabe ao
restaurador julgar quais as varidveis mais adequadasasitaacdo deve-se utilizar na
avaliagdo do ecossistema em processo de restauraggo2(EH).

O conhecimento dos processos ecolégicos envolvidos namdia @&
populacdes de plantas através da avaliacdo de areastaumnag®o € importante para a
definicdo de estratégias de conservagdo, manejo enasa de outros ecossistemas
florestais (MIRANDA NETO, 2011)

Este estudo tem como objetivo geral, avadidranco de sementes estrato de
regeneracao e a serapilheira de uma area minerada ensprdeggstauracdo por meio
de plantio de espécies arbéreas, apds dez anos de suaaggnamara tanto, realizou-
se um levantamento floristico do estrato de regenerag@miase o banco de sementes
do solo e a producao e decomposicdo da serapilheira na area.

O estudo esta organizado em artigos, a saber: 1) Banco datesrem &a
minerada em processo de restauracdo no sudeste do Bra&tu?al regeneratiom
mined area in restoration process in southeast Bradiift8y production and leaf litter

decomposition in mined area in restoration processuthsast Brazil.
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2. ARTIGO 1 - BANCO DE SEMENTES EM AREA MINERADA EM
PROCESSO DE RESTAURACAO NO SUDESTE DO
BRASIL



Banco de sementes em area minerada em processo de restaurag@sudeste do

Brasil

Resumo:O obijetivo deste trabalho foi caracterizar o banco destas do solemérea
minerada em processo de restauracdo, com 10 anos apoés aggadbd projeto de
restauracdo. O estudo foi realizado em uma area ondeeocextracdo de bauxita e
posterior reflorestamento para fins de restauracédcestiak Foram coletadas 40
amostras de solo superficial (0,25 x 0,30 x 0,05 m) para avaldgzéanco de sementes
pelo método de germinacdo em casa de sombra, duranteessis. Emergiram 2.489
plantulas, pertencentes a 69 espécies e 23 familias bstaoma densidade de 830
propagulos M. As familias com maior densidade foram Poaceae e Carwaba
Houve maior proporgcéo de espécies e individuos da categoriaisnakpsoneira e da
sindrome de dispersdo zoocérica. Nao ha semelhancdidoréntre as espécies do
plantio e do banco de sementes. Os resultados mostram faaco de sementes pode
fornecer aporte necessario a recuperacao do ambiente déperturbacoes.

Palavras-chaveBioindicadores, restauracao florestal, similaridadddima.

Seed bankin mined areain restoration process in southeast Brazil

Abstract: The objective of this study was to characterize the st bankn mined
areain restoration procesd0 years after the implementation of the restoratiofept
The study was conducted in an area where there was bauxdetion and subsequent
reforestation for forest restoration. We collected @®sles of surface soil (0.25 x 0.30
x 0.05m) to evaluate the seed bank by germination methoshade house for six
months. 2,489 seedlings emergedlonging to 69 species and 23 botanical families

with a density of 830 seedlingsmPoaceae and Cannabaceae were families with
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higher densityA larger number of species and individuals in the succesisaategory
pioneer and dispersion syndrome zoochoric. Thene foristic similarity between the
species planting and the seed bank. The results dfaiwhe seed bank could provide
necessary supply to recovery environment front of distwdaan

Keywords:Bioindicators, forest restoration, floristic similarity

1. INTRODUCAO

A restauracédo florestal visa restabelecer as estruhatasais e 0S processos
internos de uma floresta degradada ou alterada (Deluca.,eR(l0), como a
recomposicao floristica, a ciclagem de nutrientes, lagdes entre espécies vegetais e
destas com a fauna. Visa também evitar processos@spsonservar a biodiversidade,
e pode ainda contribuir na melhoria do clima por meioedaocdo dos gases do efeito
estufa da atmosfera (Couto, 2008).

Para obter sucesso em um projeto de restauracao dlpoeegmnprescindivel que
se realize a avaliacdo da area reflorestada em esppadares de tempo, a fim de
evitar imprevistos que possam prejudicar a restauracaadbneara determinada area.

A avaliacdo da restauracao florestal representa a enddisindicadores ou
variaveis ambientais de areas em processo de restafBxgécalion et al., 2015)A
utilizacao destes indicadores ajuda a definir o estadodduain projeto de restauracdo
florestal e, verificar se ha necessidade de novadgdréacias na area para permitir o
avanco no processo de sucessao.

Os indicadores de avaliacdo da restauracdo florestal utilzados sédo os
indicadores vegetativos como: a regeneracao naturaladie sementes, abertura do
dossel, producédo de serapilheira, ciclagem de nutrientesce b sementes do solo

(Rodrigues & Gandolfi, 1998; Martins, 2013).



O banco de sementes do solo € um bom indicador do estadosivacéo e da
capacidade de autorrecuperacdo dos ecossistemas flo(@diggues & Gandolfi,
1998; Martins et al., 2008; Martins, 2013), uma vez que € compastoipplmente,
por sementes de espécies pioneiras responsaveis pelaresg® pos-distlrbios sua
avaliacdo visa o0 conhecimento sobre o potencial de reggte natural de um
ecossistema frente a possiveis disturbios, ou sejaesili@ncia (Calegari et al., 2013).

O conhecimento da distribuicdo, quantificacdo e compostgidbanco de
sementes resulta em uma ferramenta muito valiosantendimento da evolugdo das
comunidades (Lopes et al., 2006). Isso torna a avaliagdo dueste sementes no solo
importante na determinacdo da melhor estratégia de manejer empregada na
conservagcao ou restauracao de florestas nativas (Grer@haratini & Rodrigues,
2002; Sorreano, 2002). E no monitoramento e avaliacdo de @meastaurgiq
obtendo melhores diagndsticos quanto ao desempenho daraedb de ecossistemas
florestais.

Assim, o presente estudo teve como objetivo caracterib@noco de sementes
do solo de uma éarea minerada em processo de restauragdolOcanos apos a
implantacdo do projeto de restauracao, e verificaisse banco de sementes apresenta
semelhanca floristica com as espécies arboreas utilimad@yvegetacédo da area e com

outros bancos de sementes estudados na mesma regiaaéZblata de Minas Gerais).

2. MATERIAL E METODOS

O estudo foi realizado em uma area revegefatt2s5’35” S ¢ 42°56°08” W),
em processo de restauracao, por meio de plantio de mudespélges arboreas, com
dez anos de idade, localizada no municipio de Descobertegi@ da Zona da Mata

de Minas Gerais, com altitude entre 618 a 633 m.



O clima da regido, segundo a classificacdo de Kdppen, € déwiporopical
com verdes quentes e umidos. A temperatura € alta no, airdgindo 40°C, e 20-22°C
no inverno, precipitacdo pluviométrica média anual é de 1n300e relevo bastante
acidentado, com pequenas planicies e platbés semidissediatitexjos por franjas
escarpadas e montanhosas e por vales retilineos (Lopem&uinho, 1988).

A vegetacdo caracteristica da regido é classificada deloresta Estacional
Semidecidual Montana, inserida no dominio Mata AtlantB&E, 2012).

Na area de estudo, em 2003, foi realizado extracdo de bawelhaempresa
Votorantim Metais. Posteriormente, realizou-se o psares recomposicdo topografica
e a revegetacdo por meio de plantio de mudas de espédimesasrem area total (1,0
ha), com espacamento de 1,0 m x 1,0 m. No entorno da aresstamrgdq existem
areas em processo de restauracdo com diferentes idadegiepase fragmentos
florestais preservados. A area em restauracdo é delamitaseu entorno por uma
estrada vicinal que circunda toaarea.

Foram alocadas 40 parcelas de 3 x 3 m, distribuidas sistemaizaem 4
linhas de 10 parcelas, distantes 10 m entre parcelas dieimaie cobrindo toda a area.
No centro de cada parcela foi langada uma moldura de maldeD®5 x 0,30 m, no
interior da qual foi coletado uma amostra de solo supartté uma profundidade de
5,0 cm, desprezando a serapilheira dura superficial (restogyde@ag@o, como folhas,
ramos e caules), perfazendo um total de 40 amostras.

As amostras de solo foram transportadas para casa deasdmbViveiro de
Pesquisas na Universidade Federal de Vicosa, em Vigcosapiie,foram transferidas
para bandejas de polietileno (0,25 x 0,30 x 0,05 m) mantidasrdmerate isolado de
possiveis contaminacdes por propagulos externos, cobertelgdipb sombrite 50%.

Foram dispostas na bancada quatro bandejas com areibizadee com a funcdo de



controle. As amostras ficaram sob irrigacéo por adpgesogramada (quatro irrigacoes
diarias de trés minutos de duracgdo cada irrigacdo) durgeécmlo de seis meses.

A avaliagcdo do banco de sementes do solo foi realizddaggodo indireto de
emergéncia das plantulas (Brown, 1992). As plantulas etaerdoram contabilizadas
quinzenalmente e verificados os nomes cientificosa Barespécies ndo reconhecidas
no viveiro, coletou-se o material botanico para postes@mparacdo com material
depositado no herbario VIC da Universidade Federal de Vigd&a, e consulta a
especialistas quando necessario.

As espécies foram classificadas em familias e tivesamomes cientificos e
seus respectivos autores atualizados de acordo com emaistlo Angiosperm
Phylogeny Group Il (2009) e pela base de dados da Lista de Espacldsra do
Brasil (2013). Foram calculados os parametros fitossodwlégde densidade e
frequéncia (Mueller-Dombois & Ellenberg, 1974), com o prograFITOPAC 2.1
(Shepherd, 2010).

As espécies amostradas foram classificadas em categar@ssionais, de
acordo com os critérios propostos por Budowski (1965) e adeppmit Gandolfi et al.
(1995) para florestas semideciduas brasileiras, sendo: piorsg@as)darias iniciais,
secundarias tardias e nao classificadas. Foram tandassificadas quanto as
sindromes de dispersédo de propagulos em zoocdéricas, anenwedaigtocoricas (van
der Pijl, 1982).

Elaborou-se um banco de dados compilando-se listageistiflas disponiveis
em cinco trabalhos sobre banco de sementes do soipadesl na Zona da Mata de
Minas Gerais, em florestas semidecidqugse contemplavam espécies arboreas,
arbustivas e herbaceas (Tabela 1) e a lista de espélbi#glas no plantio (Tabela 2). O
banco de dados consistiu de uma matriz binaria de presangérmcia de espécies, com

exclusdes de identificacbes em nivel de familias e génemosirtude da dificuldade de
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comparacao com as identificacdes em nivel de espédies poderia levar a resultados
duvidosos ou tendenciosos.

Procedeu-se inicialmente na conversdo da matriz de dadagobiem uma
matriz de medidas de proximidade (similaridade) entre oss pdee unidades de
observacdo (Johnson & Wichern, 1988). Empregou-se o imdiceimilaridade de
Jaccard (Mueller-Dombois & Ellenberg, 1974).

Para interpretar a similaridade floristica, foi utilizamlonétodo média de grupo
UPGMA (Unweighted Pair Group Method with Arithmetic Mean), proddairum
dendrograma em que as amostras semelhantes, de acoal@esiv escolhidas, foram
agrupadas entre si (Moita Neto & Moita, 1998). As analiseanfoefetuadas no

programa FITOPAC 2.1 (Shepherd, 2010).

Tabela 1.Caracterizacdo das areas de estudos utilizados na coéwp#aaistica cona
area em restauracao do presente trabalho.
Table 1. Characterization of study areas used in floristic camspn with the

restoration site of this work.

Sj;i?}ii Localidade Vegetacéo Zreor;zgju?iemz) Autores

BS1 Vicosa, MG Restauracao 827 Miranda Neto et al., 201
BS 2 Descoberto, MG Restauracao 131 Silva, 2013

BS 3 Vicosa, MG Mata Nativa 101 Braga et al., 2008

BS 4 Paula Candidd\lG Mata Nativa 578 Costalonga et al., 2006
BS 5 Bras Pires, MG Mata Nativa 857 Martins et al., 2008
Este estudo Descoberto, MG Restauracao 830 Este estudo

Plantio Descoberto, MG Restauracao - Este estudo
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Tabela 2. Lista das espécies arboreas utilizadas no plantio para firest#iracdo de
uma area minerada, em DescobertdG, Brasil.
Table 2. List of tree species used in planting for restoratidnaomined area, in

Descoberte- MG, Brasil.

Familia Espécie Origem CS SD
Achariaceae Carpotroche brasiliensis (Raddi) A Gray N St  Zoo
Arecaceae Euterpe edulis Mart. N St Zoo
Syagrus romanzoffiana (Cham.) Glassman N Si  Zoo
Bignoniaceae Handroanthus heptaphyllus (Vell.) Mattos N St Ane
Zeyheria tuberculosa (Vell.) Bureau ex Verl. N Si  Ane
Sparattosperma leucanthum (Vell.) K.Schum. N Si  Ane
Cannabaceae  Trema micrantha (L.) Blume N P Zoo
Chrysobalanaceg Licania tomentosa (Benth.) Fritsch NB Si Zoo
Euphorbiaceae Joannesia princeps Vell. N Si Auto
Fabaceae Anadenanthera peregrina (L.) Speg. N Si Ane
Caesalpinia peltophoroides Benth. N Si Auto
Cassia ferruginea (Schrad.) Schrad. ex DC. N Si  Auto
Clitoria fairchildiana R.A.Howard NB Si  Auto
Dalbergia nigra (Vell.) Allem&o ex Benth. N Si Ane
Hymenaea courbaril. N St Zoo
Inga vera Willd. N Si Zoo
Senna multijuga (Rich.) H.S.Irwin & Barneby N Si Auto
Senna macranthera (DC. ex Collad.) H.S.Irwin & Barn¢ N P Auto
Plathymenia reticulata Benth. N Si  Ane
Piptadenea gonoacantha (Mart.) J. F. Macbr N Si  Auto
Anadenanthera colubrina (Vell.) Brenan N Si  Ane
Cassia grandis L. f. N Si  Ane
Platypodium elegans Vogel N Si  Ane
Lecythidaceae Cariniana estrellensis (Raddi) Kuntze N St Ane
Malpighiaceae = Lophanthera lactescens Ducke NB St Nc
Malvaceae Luehea grandiflora Mart. & Zucc. N Si  Ane
Melastomataceae Tibouchina granulosa (Desr.) Cogn. N P Zoo
Meliaceae Cedrela fissilis Vell. N St Ane
Guarea guidonia (L.) Sleumer N St  Zoo
Moraceae Artocarpus heterophyllus Lam. E Nc Zoo
Myrtaceae Eugenia florida DC. N St Zoo
Myrcia splendens (Sw.) DC. N Si  Zoo
Syzygium cumini (L.) Skeels E P Zoo
Psidium guajavd.. NB P Zoo
Phytolaccaceae Gallesia integrifolia (Spreng.) Harms N Si  Zoo
Rubiaceae Genipa americanh. N St Zoo
Urticaceae Cecropia glaziovii Snethl. N P Zoo

CS categoria sucessional; SD: sindrome de disperséo; N: nativandtiBa do Brasil;
E: exoética; P: pioneira; Si: secundéria inicial; St: Sdéuia tardia; Ane: anemocorica;
Z00: zoocorica; Auto: autocorica; Nc: ndo classificada.

CS: successional categoiyS: dispersion syndromeN: Native; NB: native to Brazil
E: exotig P: Pioneer; Si: early secondai§t late secondaryAne: anemocori¢ Zoo:

zoochori¢ Auto: autochoricNc: unclassified.
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3. RESULTADOS E DISCUSSAO

Emergiram 2.489 plantulas, pertencentes a 69 espécies enlidadabotanicas
(Tabela 3). Obteve-se densidade de 830 propagufoslistribuida em 512 ervasn
26 arbustos r 251 arvores rhie 0,3 trepadeiras fnNas bandejas controle, com areia
esterilizada, ndo houve emergéncia de plantulas, mdetramao contaminacéo do

experimento por sementes vindas de fontes proximas.

Tabela 3. Floristica e fitossociologia das espécies do banco densesndo solo da
area minerada em processo de restauracao, Descoberto Géizes
Table 3. Floristic and phytosociological of the species fromil seed bank in mined

area in restoration process, Descoberto, Minas Gerais.

Familia / Espécie NI DR(%) FR(%) Orig FV CS SD
Araliaceae
Hydrocotyle leucocephala Cham. & Schitdl. 1 0,04 023N H Si Nc
Asteraceae
Acanthospermum australe (Loefl.) Kuntze 1 0,04 023N H P Zoo
Baccharis crispa Spreng. 1 004 023N B P Ane
Baccharis dracunculifolia DC. 3 012 0,23 N B P Ane
Chromolaena laevigatum Lam. R.M.King & H.Rok 7 028 091N B P Ane
Emilia fosbergii Nicolson 2 008 023N H P Ane
Erechtites hieracifolius (L.) Raf. Ex DC. 2 008 046N H P Ane
Gnaphalium purpureuin 73 293 547 N H Si Ane
Gnaphalium spicatum Mill. 3 012 0,46 N H Si Ane
Sigesbeckia orientalis. 79 3,18 410 E H Si Zoo
Sonchus asper (L.) Hill 1 004 023E H P Ane
Vernonia polyanthes Less. 2 008 046N B P Ane
Vernonia sp. 1 5 020 114 Nc B P Ane
Vernonia sp. 2 3 012 068Nc B P Ane
Vernonia westiniana Less. 11 044 228N B P Ane
Begoniaceae
Begonia cucullata Willd. 12 048 0,46 N H P Ane
Brassicaceae
Lepidium virginicumL. 3 0,12 0,68 E H P Nc
Cannabaceae
Trema micrantha (L.) Blume 527 21,18 8,19 N A P Zoo
Continua...
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Tabela 3.Cont.

Convolvulaceae

Ipomoea cairica (L.) Sweet 1 004 023N T P Ane
Cyperaceae
Cyperus distank. 1 004 023N H P Ane
Cyperus esculentus 14 056 0,91 N H P Ane
Cyperus sp. 23 092 159 N H P Ane
Fimbristylis dichotoma (L.) Vahl 4 016 091N H Nc Nc
Kyllinga brevifolia Rottb. 8 032 0,46 N H P Nc
Pycreus decumbens T.Koyama 1 004 023N H P Nc
Pycreus lanceolatus (Poir.) C.B.Clarke 2 008 023N H P Nc
Pycreus polystachyos (Rottb.) P.Beauv. 8 032 023N H P Nc
Rhynchospora corymbosa (L.) Britton 9 036 046N H Nc Ane
Scleria melaleuca Rchb. ex Schitdl. & Cham. 10 0,40 1,37 N H Nc Zoo
Euphorbiaceae
Croton urucurana Baill. 13 052 182N A P Zoo
Fabaceae
Desmodium barbatum (L.) Benth. 3 012 046N H P Zoo
Mimosa pigralL. 1 0,04 023N B P Auto
Sg?r:\:b?acranthera (DC. ex Collad.) H.S.Irwin & 1 004 023N A P Auto
Senna multijuga (Rich.) H.S.Irwin & Barneby 8 032 091N A Si Auto
Indeterminada
Indeterminada 1 42 1,69 1,82 Nc Nc Nc Nc
Indeterminada 2 43 1,73 1,14 Nc  Nc Nc Nc
Indeterminada 3 30 1,21 1,37 Nc Nc Nc Nc
Indeterminada 4 7 028 1,37 Nc Nc Nc Nc
Lamiaceae
Hyptis suaveolens Poit. 24 096 251N H P Zoo
Malvaceae
Sida glaziovi K.Schum. 1 0,04 023N H P Ane
Sida rhombifolial. 21 084 159N H P Ane
Waltheria americana. 3 012 0,68 N H P Nc
Melastomataceae
Leandra niangaeformis Cogn. 40 1,61 3,64 N B P Zoo
Miconia cinnamomifolia (DC.) Naudin 40 1,61 4,77 N A P Zoo
Miconia sellowiana Naudin 1 004 023N A P Zoo
Tibouchina granulosa (Desr.) Cogn. 15 060 091N A P Zoo
Onagraceae
Ludwigia tomentosa (Cambess.) H.Hara 4 016 023N B P Ane
Phyllanthaceae
Phyllanthus tenellus Roxb. 291 11,70 6,15 N H Si Auto
Plantaginaceae
Scoparia dulcis. 2 008 046N H P Ane
Poaceae
Bromus catharticus Vahl 1 004 023N H P Ane
Digitaria sp. 18 0,72 182N H P Ane
Continua...
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Tabela 3.Cont.

Melinis minutiflora P.Beauv. 2 008 023E H P Ane
Panicum repenk. 27 1,08 0,46 E H P Ane
Paspalum conjugatum P.J.Bergius 1 004 023N H P Ane
Paspalum sp. 367 14,75 6,82Nc H P Ane
Urochloa brizanthg@Hochst. ex A. Rich.) R.D. Webster 220 8,85 2,96 E H P Ane
Urochloa decumbens (Stapf) R.D. Webster 1 004 023Nc H P Ane
Polygalaceae

Polygala paniculata. 5 020 0,68N H P Auto
Primulaceae

Myrsine coriacea (Sw.) R.Br. ex Roem. & Schult. 3 012 0,68 N A Si  Zoo
Rubiaceae

Diodella teres (Walter) Small 1 004 023N H P Nc
Spermacoce capitata Ruiz & Pav. 6 024 068N H Si Auto
Spermacoce latifolia Aubl. 253 10,17 6,82 N H Si Auto
Spermacoce palustris (Cham. & Schitdl.) Delprete 20 0,80 1,37 N H Si Auto
Solanaceae

Solanum americanum Mill. 1 0,04 0,23 N H P Zoo
Solanum cernuum Vell. 3 012 0,46 N A P Zoo
Solanum grandifiorum Ruiz & Pav. 11 0,44 159 N A P Zoo
Solanum mauritianum Scop. 9 036 182N A P Zoo
Urticaceae

Cecropia hololeuca Mig. 123 495 7,73 N A P Zoo
Verbenaceae

Stachytarpheta cayennensis (Rich.) Vahl 10 0,40 0,46 N H P Nc
Total 2.489 100,00 100,00

NI: nimero de individuos; DR: densidade relativa; FR: frequéreativa; Orig:
origem; FV: forma de vidaCS. classe sucessional; SD: sindrome de dispersao; N:
nativa; E: exoética; H: herbacea; B: arbustiva; A: arb6fedrepadeira; P: pioneira; Si:
secundaria inicial; Ane: anemocodrica; Z00: zoocorica; Autdocduwica; Nc: nao
classificada.

NI: number of individuals; DR: relative density; FR: relativequency Orig: origin;

FV: life form; CS: successional categpmS. dispersion syndromeN: Native; E:
exotic, H: herbaceousB: shruh A: tree; T: creeper; P: pioneer; Si: early secondary

Ane: anemocoricZoo: zoochorig Auto: autochoricNc: unclassified.

Destacaram-se quanto a abundéancia, em nivel de familimiten Poaceae,
Cannabaceae, Phyllanthaceae, Rubiaceae e Asteraceaeempeaof 77% dos individuos
emergidos. Desses individuos, 71% sao representados peladiowiga herbacea e o

restante por individuos arbustivo-arbéreos. Apenas Poaoceagde 25% das plantulas
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emergidas, seguida de perto pela familia Cannabaceae, comda4i%plantulas
emergidas, representada somente pela espécie Trema micrantha

Além da Trema micrantha, mais representativa entre asiesparboreas,
destacou-se também a arbustiva Leandra niangaeformis Cognl,&% das plantulas
emergidas e a herbacea Paspalum sp., com 15%. A Unica tregadsente, [pomoea
cairica (L.) Sweet, foi representada por apenas um individuo.

A alta representatividade da familia Poaceae e Cannab@rebém tem sido
observada por outros autores em ecossistemas flor@taita e Aradjo, 2003; Martins
et al., 2008; Schorn et al., 2013) e areas em restaurag@eg®, 2002; Figueiredo et
al., 2014).

Trema micranta apresenta uma eficiente dispersdo poaompia variedade de
aves frugivoras (Argel-de-Oliveira et al.,, 1996). Suas sErmempossuem alta
longevidade no solo e germinacao preferencialmente em @tediabertos com niveis
elevados de luz, como grandes clareiras e bordas detfleyee portanto, é muito
importante para a resiliéncia de ecossistemas e a wesauflorestal em areas
degradadas (Rodrigues et al., 2004; Martins, 2013).

Apesar da alta densidade de individuos da familia Poaceae, podeea
evidenciar uma possivel fragilidade da vegetacéo arbustivoearbapenas cerca de 1/3
dos individuos desta familia sdo de gramineas exdticas ragas® que compdem
apenas 8,9% do total de individuos do banco de sementes, coagrdra poucos
pontos dentro da area em restgéimm A presenca destas gramineas exoticas é devido,
provavelmente, a presenca de uma area de pastagem viZrdge &m restauracado que
pode estar dispersando propagulos via acao do vento.

De acordo com Franco et al. (2012), a capacidade de creszjmeproducédo e
disseminacdo de espécies exéticas invasoras, podem difiouéiarabelecimento de

espécies nativas importantes no processo de cicatrizac8ocessdo da floresta.
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Entretanto, o predominio de individuos e espécies nativhamco de sementes, tende a
favorecer a formagdo de uma floresta mais resilieme relacdo a sua floristica
autoctone. Além disso, como o banco de sementes nd@m@tarepenas propagulos de
espécies herbaceas, com o avanco na sucessao flaersdal,haver uma reducdo na
densidade de espécies herbaceas e aumento de arbustivasa(Baider et al., 2001;
Dalling, 2002; Martins, et al., 2008).

Quanto a categoria sucessional, emergiram 50 espémiesrps, 10 secundarias
iniciais e 9 ndo foram classificadas. Em nivel de indivddemergiram 1.607 pioneiros,
737 secundarios iniciais e 145 ndo classificados. Ndo hoegistro de espécie
secundaria tardia (Figuras 1 e 2).

A maior proporcdo de espécies e individuos da categoriasgutaspioneira
encontrada corrobora com o predominio desta categoriaieersos estudos sobre
banco de sementes em Minas Gerais (Costalonga, 2006aB\gist et al., 2007; Braga
et al., 2008; Miranda Neto et al., 20 Rbdrigues et al., 2010; Franco et al., 2012) e em
outras formacdes florestais no Brasil (Araujo et 2001; Monaco et al., 2003; Silva-
Weber et al., 2012).

As espécies pioneiras sdo predominantes no banco de esmersistente do
solo, por apresentarem sementes ortodoxas com grandevittatge no solo, que
permanecem em estado de dorméncia imposta pelo ambigé@te, surgimento de
condicbes favoraveis como aumento nos niveis de ludtegagbes na relacéo
Vermelho/Vermelho Distante (V/VD), como a abertura deeglas na floresta (Bazzaz
& Pickett, 1980 Vazquez-Yanes & Orozco-Segoyvi94; Araujo et al., 2001). Assim,
a predominancia de espécies pioneiras arbdéreas nativhanco de sementes, que
normalmente apresentam rapido crescimento a plencé som indicador de que na
ocorréncia de pequenas perturbacdes naturais ou antrépicasssistetna possui

condi¢cOes favoraveis a uma regeneracao.
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Quanto a sindrome de dispersdo, emergiram 17 espécies zmc@ia
anemocoricas, 8 autocoricas e 14 ndo classificadas. EMndeindividuos, emergiram
903 individuos zoocodricos, 838 anemocoricos, 585 autocoéricos e 163anéidicddos
(Figuras 1 e 2).

A maior quantidade de sementes com dispersao zoocorizaneo € importante
para a manutencdo da fauna dispersora de propagulospairmente no inicio da
regeneracdo da floresta apds perturbagdes. Isso tambémunuicimportante oferta de
recursos para a fauna (Franco et al., 2012). As plamtastem em variados recursos
como arilos e polpas, atraindo diversos animais queligp@rsar as sementes a grandes
distancias, auxiliando a sucessao secundaria.

Quanto a origem, emergiram 55 espécies nativas, 6 exotic& néo
classificadas. Em nivel de individuos, emergiram 1.659 nat3g&sexoticos e 498 nao
classificados (Figuras 1 e 2). A dominédncia de espécies natvdsanco també
fortalece o seu potencial de recuperacdo da vegetacdo ppeahigbacdes (Silva-
Weber et al., 2012).
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Figura 1. Distribuicdo percentual das espécies do banco de sentienégsa minerada
em restauracdo em categoria sucessional (P: pioneirsecsindaria inicial), forma de
vida (H: herbacea; B: arbustiva; A: arvore; T: trepadegiadrome de dispersédo (Ane:
anemocodrica; Zoo: zoocorica; Auto: autocorica) e origem (Nvanak: exotica). Nc:

nao classificada.
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Figure 1. Percentage distribution of species the seed bank of thednareain
restorationin successional category (P: pioneBr. early secondary), life form (H:
herbaceousB: shrubby A: tree: T: creeper), dispersion syndrome (Ane: anemacoric

Zoo: zoochoric; Auto autochory and origin (N: nativeE: exotic).Nc: not classified.
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Figura 2. Distribuicdo percentual dos individuos do banco de semef@gearea
minerada em restauracdo em categoria sucessional (Pirgidie secundaria inicial),
forma de vida (H: herbacea; B: arbustiva; A: arvore; Tpddeira), sindrome de
dispersdo (Ane: anemocorica; Zoo: zoocorica; Auto: autocoricapem (N: nativa; E:
exotica). Nc: nao classificada.

Figure 2. Percentage distribution of individuals the seed bank efrtined arean
restorationin successional category (P: pioneBr. early secondary), life form (H:
herbaceousB: shrubby A: tree: T: creeper), dispersion syndrome (Ane: anemacoric

Zoo: zoochoric; Auto autochory and origin (N: nativeE: exotic).Nc: not classified.

O banco de sementes apresentou similaridade floristicasapemao estudo de
Miranda Neto et al., 2014 (BS1), realizado em uma floresta40 anos de restauracdo
em Vicosa, MG. ©® estudos do banco de sementes das demais localidades né&o
apresentaram similaridade floristica com as espécies utsizaedplantio uma vez que
nao atingiram valor igual ou superior a 0,25, nivel de semgdhfforistica entre duas

comunidades, considerado pelo indice de Jaccard (Muelleb®sn& Ellenberg,
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1974) (Figura 3). Até mesmo ao analisar a similaridade, exalasinte das espécies
arbustiva-arbéreas, entre o banco de sementes do prestatl® e as espécies do

plantio, ndo ha semelhanca floristica (indice de Jdce&07).
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Figura 3. Similaridade floristica entre o banco de sementes doresgstudo e bancos
de sementes de estudos realizados na mesma regido (Zbladadde Minas Gerais) e
formacéo florestal (Floresta Estacional Semidec)d&81: restauracae Vicosa, MG;
BS2: restauracae Descoberto, MG; BS3: mata nativd/icosa, MG; BS4: mata nativa
— Paula Candido, MG; BS5: mata nativ8ras Pires, MG.

Figure 3. Floristic similarity between the seed bank of this studgt aeed banks of
studies conducted in the same region (Zona da Mata of NBeasi3 and forest type
(Semideciduous Forest). BS1: restoratioviicosa, MG; BS2: restoration Descoberto,
MG; BS3: native forest Vicosa, MG; BS4: native forest Paula Candido, MG; BS5:

native forest- Bras Pires, MG.

A similaridade floristica, quando analisada em um mesmo tipéoreacao

florestal, em &reas espacialmente préximas e presentesingsan mesma bacia
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hidrografica, é considerada alta (Rodrigues & Nave, 2000). Bntoetfatores espaciais
e ambientais podem interferir diretamente na similaridfioiéstica entre as areas
(lvanauskas et al., 2000; Kunz et al., 2009), aumentando anitBsglade. Isto,
possivelmente, explica a dissimilaridade entre as duas amais proximas, BS2 (area
em restauracde Descoberto, MG) e a area de estudo. Pois, apesar da proxmidad
area do BS2 situa-se em um gradiente topografico masdeletopo de morro, e a area
do presente estudo se localiza em uma baixada, proxima anaia ciliar. Além disso,
a area do BS2 esta apenas ha 18 meses em processouwlag@sta

A baixa riqueza do banco de sementes BS3 (mata natvgosa, MG), a
vegetacdo secundaria inicial ainda em processo deereg@én da area do BS5 (mata
nativa— Bras Pires, MG), e a localizacdo topografica da areBSb (mata nativa-
Paula Céandido, MG) em gradiente de encosta e topo, podemegeltado na
dissimilaridade encontrada entre estes bancos de sereemtesco do presente estudo.

A area do BS1 e a area do presente estudo podem tezrdipdessemelhanca
floristica no banco de sementes, possivelmente, devidi®as serem pequenas (1 ha) e
estarem na condicdo de borda, recebendo muitas sendmtespécies pioneiras do
entorno e propiciando condicBes para 0 armazenamerits agwsbanco de sementes do
solo.

Ja a dissimilaridade floristica entre o banco de sesnat# area de estudo e as
espécies utilizadas no plantio mostra que possivelmenteea récebe aporte de
propagulos oriundos de fontes externas e da populacdo deesspEgenerantes ja
estabelecidas nos ultimos dez anos. Como a maioriespasies do banco de sementes
€ pioneira, contrapondo com a maioria das espéciesadtié no plantio de categoria
sucessional secundéaria, a area em restaordemonstra que possui capacidade de
iniciar a sucessao florestal ap6s uma possivel nova padiorlem sua floristica ja

estabelecida.
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4. CONCLUSAO

O banco de sementes do solo da area em restauragéo, p@Esaurge bauxita,
apos dez anos da implantacdo do projeto de restauragéstdlpapresenta semelhanca
floristica apenas a outra area com 40 anos de restauracao

Embora a semelhanca floristica entre as espécies do kado plantio seja
baixa, o plantio cumpriu um papel importante para a entradaspécies nativas
pioneiras vindas de fragmentos vizinhos. Assim, o band®erposer eficiente como
mecanismo de regeneracdo natural e fornecer aportes@dcesa recuperacdo do

ambiente diante de perturbacoes.
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Natural regeneration in mined area in restoration process in southeast Brazil

SUMMARY

The objective of the present study was to verifyinf, floristic terms of natural
regenerationa mined area in restoration process in southeast Bramilbe considered
successfully restored. In the area, was allocd@eplots of 3.0 x 3.0m. All the shrubs
and trees with height > 0.30 m and diameter at 1.30 m height(DBH) < 5.0 cm were
identified, measured the DSL (diameter at soil level) aedjht and classified as
successional categories and dispersal syndromes. We ngriczd correspondence
analysis (CCA) for verify the correlations between theirenmental variables (canopy
openness, litter decomposition, soil penetration resisdaand vegetation. We found
705 individuals, 80 species and 30 families. The families with greatest species
richness were Fabaceae and Melastomataceae and thie sypHt the greatest
importance value (IV) was Myrcia splendens. Most species areattye secondary
successional category and the zoochoric dispersion syedithe CCA ordination
indicates the formation of a group of species associaiibdless soil compaction and
with low litter decomposition rate and the formatiohodher group associated with
intermediate value®f soil penetration resistance and litter decompositioe. rEe
results obtained after ten years of implementatiothefrestoration projecin floristic
terms are suitableln other words, can consider that the ecological pseses the area
was successfully restored.

Key words: bauxite, canonical correspondence analysisstity forest restoration.

INTRODUCTION

The forests have been degraded over time by increasimgrh activities and
they are quickly shrinking (Let al. 2011) After undergoing a disturbance suab
mining activity, the forest ecosystem loses its flicisbmposition and biotic means of
regeneration, which will prevent the return to their oxddinatural condition (Rodrigues
et al. 2010). The ore extraction causes oruglenced by the intense alteration of the
environment, both with reference to the local landscape apdigal and temporal
depth The mining of bauxiteauses the destruction of vegetatiattering the soil and

landscape conditions and disrupting the ecosystem (M@&eg4).
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In this scenario, it is necessary to recover the diegraecosystem by forest
restoration techniques considered effective tadlecological engineering (Let al.
2011) Forest restoration aims to restore natural ecologicalgsses and structures of a
degraded or altered forest (Deluca et al. 2010), seekingtina of the pre-disturbance
conditions (van Andel and Aronson 2012).

To succeed in a forest restoration prajéds essential to perform the evaluation
of the area in restoration by the analysis of indicatoremvironmental variables
(Brancalionet al. 2012). The evaluation indicatoo$ forest restoration most commonly
used are the vegetative indicators or bioindicators sachatural regeneratipiseed
rain, soil seed bankcanopy opennessétter production and nutrient cycling (Martins
2013).

The study of natural regeneration can predict the subsedpsavior and
development of the forgsbecause the regeneration enables the understanding of the
relationship and the number of species belonging to tisksalong with their
dimensions and distributions in the forest (Carvalho 198#¥ understanding provides
important information about the ecology of individual spedidewton 2007)and if
there is the need for interventions aimed at acceatgrdtie successional process
enrichment planting and elimination of exotic specieartMs and Kunz 2007).

In restoration projects conducted by planting tree andbskpecies, natural
regeneration has a key role in the occupation of spawesgseedlings by propagules
that arrive in the area, coming from planted specied #@e surrounding forest
fragments.

Restoration projects with 1-15 years old is the mostngomage group (about
70%) evaluated (Wortley et al. 2013). Vegetation structure, Spehiersity and
abundance, and ecological processes are the attributets used to indicate the
ecosystem condition in process of restoration (\Wgrét al. 2013). Restoration of
mined areas and her evaluation, as in bauxite mine, apenbeg increasingly common
and important throughout the world (Parrotta et al. 1997, Graait 2007, Kew et al.
2007, Koch 2007).

Parrottaet al. (1997), in evaluating the understarfya bauxite mine with 10
years after the planting of native tree species inBifeilian Amazon regignshowed
that the restoration has been largely successful iabledting a dynamic and
sustainable successional environmdntaddition, the natural regeneration layer was

formed from the of seed dispersal by planted trees@edtfareas in the surroundings.
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The present study investigates the relation of environmeatables with the
floristic composition of natural regeneration layeaimined area in restoration progess
and it tests the hypothesis that the area, in floristims, can be considered successfully
restored.

METHODS

Study site. The current study was conducted in a mined areatomates) procesdy
planting tree seedlin@(°25°35” S, 42°56°08” W), in the county of Descoberto, Minas
Gerais State, in southeast Brazil, with altitude betvéeh- 633 m (figure 1).

The climate of the region is classified as Aw (troplwamid) by the Koeppen
system. The temperatuighigh in summer, reaching 4C, and in winter it is 20 - 22
°C, and the average annual rainfall is 1,300 mm. It hasyarugged topographyvith
small plains and plateaus limited by mountains and neesti valleys (Lopes and
Branquinho 1988). The predominant vegetation in the regionenther study area is
inserted is classified as semideciduous montane fdBSE(2012).
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Figure 1. Study site county of Descoberto, Minas Gerais State, Brazil.

In 2003 Votorantim Metais Company explored bauxite in the study.area
Subsequently, yet in 2003, was held the topographic reconstrymtocess with the
return of topsoil removed before mining and the impletagon of forest restoration
through the planting of trees in the total area (BQwith spacing of 1.0 x 1.0 m (table

1). Maintenance activities were heldorrection of soil acidity; phosphate fertilizer;
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topdressing around each seedliregular combat the ants with granular bait. The study
of the floristic composition of natural regeneratiapdr was performed in 2013.

Around the study are#here are areas undergoing restoration with differges a
grasslands and preserved forest fragments.

Table 1. List of tree species used in planting List of tree m®eased in planting for

restoration of a mined area, in DescobertdG, Brasil.

Family Specie SC DS
Achariaceae Carpotroche brasiliensis (Raddi) A Gray LS Zoo
Arecaceae Euterpe edulis Mart. LS Zoo

Syagrus romanzoffiana (Cham.) Glassman ES Zoo
Bignoniaceae Handroanthus heptaphyllus (Vell.) Mattos LS Ane
Zeyheria tuberculosa (Vell.) Bureau ex Verl. ES Ane
Sparattosperma leucanthum (Vell.) K.Schum. ES Ane
Cannabaceae Trema micrantha (L.) Blume P Z00
Chrysobalanaceae Licania tomentosa (Benth.) Fritsch ES Zoo
Euphorbiaceae =~ Joannesia princeps Vell. ES Auto
Fabaceae Anadenanthera peregrina (L.) Speg. ES Ane
Caesalpinia peltophoroides Benth. ES Auto
Cassia ferruginea (Schrad.) Schrad. ex DC. ES Auto
Clitoria fairchildiana R.A.Howard ES Auto
Dalbergia nigra (Vell.) Alemé&o ex Benth. ES Ane
Hymenaea courbaril. LS Zoo
Inga vera Willd. ES Zoo
Senna multijuga (Rich.) H.S.Irwin & Barneby ES Auto
Senna macranthel®C. ex Collad.) H.S.Irwin & Barnebr P Auto
Plathymenia reticulata Benth. ES Ane
Piptadenea gonoacantha (Mart.) J. F. Macbr ES Auto
Anadenanthera colubrina (Vell.) Brenan ES Ane
Cassia grandis L. f. ES Ane
Platypodium elegans Vogel ES Ane
Lecythidaceae Cariniana estrellensis (Raddi) Kuntze LS Ane
Malpighiaceae Lophanthera lactescens Ducke LS Nc
Malvaceae Luehea grandiflora Mart. & Zucc. ES Ane
Melastomataceae Tibouchina granulosa (Desr.) Cogn. P Z00
Meliaceae Cedrela fissilis Vell. LS Ane
Guarea guidonia (L.) Sleumer LS Zoo
Moraceae Artocarpus heterophyllus Lam. Nc  Zoo
Myrtaceae Eugenia florida DC. LS Zoo
Myrcia splendens (Sw.) DC. ES Zoo
Syzygium cumini (L.) Skeels P Z00o
Psidium guajava.. P Z00o
Phytolaccaceae  Gallesia integrifolia (Spreng.) Harms ES Zoo
Rubiaceae Genipa americank. LS Zoo
Urticaceae Cecropia glaziovii Snethl. P Z00

SC: successional category (P: piondes, early secondary, LS: late secondary); DS:

dispersal syndrome (Ane: anemochatgo: zoochory; Auto autochory).
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Vegetation characterizatiomn the study area, was allocated 40 permanent plot9of 3.
x 3.0 m at intervals of 10 m between the plofdl the shrubs and trees with height >
0.30 mand diameter at breast height (DBH = 1.30 m) < 5.0 cm were measured the DSL
(diameter at soil level) and height.

For species not identified in sjtuhe botanical material was collected for
comparison to the material deposited in the herbariui@ Wederal University of
Vigosa consultation with experts and literature.

The classification of species into families followed Amgperm Phylogeny
Group Il (APG I, 2009). The nomenclature of the specied the abbreviations
follow available information on the Missouri Botanical Gan (2014) and Lista de
Espécies da Flora do Bia€014).

Phytosociological parameters (Mueller-Dombois and Ellepnb&974) for
describing the community structure were determined using thease FITOPAC 2.1
(Shepherd 2010). Jaccard similarity index (Mueller-DomboisHihberg 1974) was
used to verify the floristic similarity between speciesegfeneration and species used in
planting.

Successional categories and dispersal syndrohesspeas sampled were classified
assuccessional categories according Gandolfi et al. (199Bramilian semideciduous
forests. Were adopted four successional categories thraspond to the species shade
tolerance: pioneer, early secondary, late secondaryacidssified. The more shade-
tolerant species were included at the late secondary cgtefjoe shade-intolerant
species were included at the pioneer category.

Species were also classified as to dispersal syndramndsur categories:

zoochory, anemochorgutochory (van der Pijl 1982) and unclassified.

Environmental variables The canopy openness was determined by digital
hemispherical photographs acquired at the center of @athvith the CI-110 Digital
Plant Canopy Imager® equipment.

The degree of soil penetration resistance was meabyressistance to vertical
penetration into the soil by an impact penetrometetaligiodel penetrolog PLG1020
Falker® using the cone type 2 in the 0 to 10 cm depht in each\pas. used medium
value of resistance to penetration in profile.

To measure the litter decomposition, 40 litterbags wibhgbof dry mass of leaf

litter were distributed in the study ardaecomposition rates were estimated from the
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loss of dry mass, during one year. The material obtairseddried in forced air oven at
70°C for 48 hours and the dry mass was measured in electrowisiprescale Then,
was estimated decomposition rate k according to equatiots@n(@963).

Xt = Xo e¥ [1]

Where, Xt = weight of litter at time t; o0& initial weight of litter; e = natural logarithm;
k = decomposition rate constant; t = time of decompositi

Statistical analysisFor analyze the correlations between the environmeatédhbles
and vegetation, the canonical correspondence analysiemg@eyed; it was performed
in software FITOPAC 2.1 (Shepherd 2010). Environmental variabldsfrequency
values for 23 species (denskyfive individuals) were used for the calculations. With
subsequent removal of the species with no significant sareéboth axes for analysis
more robust. Thus, the number of species was reduced to ¥8laflons between the
species axes and environmental variable axes were testedMente Carlo tests to

estimate the significance of correlations among canbaicss.

RESULTS

Floristic composition The floristic of the area in restoration was represgrty 80
species belonging with 30 families. A total of 705 individuakre sampled in this
forest (19,583 individuals My, distributed in 13,555 tredsa! and 3,888 shrubka
(table 3.

Table 2 Floristic and importance value (IV) of the species dathpn natural

regeneration layer in area in restoration, Brazil.

Family Specie N IV% LF SC DS
Achariaceae Carpotroche brasiliensis (Raddi) A Gray 2 034 T LS Zoo
Anacardiaceae Astronium concinnum Schott 2 132 T LS Ane

Astronium graveolens Jacq. 1 074 T ES Ane
Spondias mombik. 2 043 T U Zoo
Spondias venulosa (Engl.) Engl. 1 021 T U Zoo
Annonaceae Xylopia sericea A.St.-Hil. 13 212 T ES Zoo
Annona neosericea H.Rainer 1 041 T ES Zoo
Annona sylvatica A.St.-Hil. 1 039 T ES Zoo
Arecaceae Euterpe edulis Mart. 1 017 T LS Zoo
Asteraceae Asteraceae 3 072U U U
Vernonanthura divaricata (Spreng. ) HLRob 1 0.17 S P Ane
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Table 2 continue

Bignoniaceae Zeyheria tuberculosa (Vell.) BureauexVer 3 136 T ES Ane
Tecoma stans (L.) Juss. ex Kunth 2 070 T P Ane
Handroanthus heptaphyllus (Vell.) Mattos 2 037 T LS Ane
Boraginaceae  Cordia sellowiana Cham. 1 034 T ES Zoo
Cannabaceae  Celtis sp. 1 020T U U
Chrysobalanacee Licania tomentosa (Benth.) Fritsch 19 435 T ES Zoo
Erythroxylaceae Erythroxylum pelleterianum A.St.-Hil. 12 139 T ES Zoo
Erythroxylum deciduum A.St.-Hil. 6 093 T ES Zoo
Euphorbiaceae Aparisthmium cordatum (A.Juss.) Baill. 3 136 T ES Auto
Maprounea guianensis Aubl. 6 102 T ES Auto
Alchornea glandulosa Poepgi.Endl. 3 046 T P Zoo
Fabaceae Hymenaea courbaril. 11 556 T LS Zoo
Anadenanthera peregrina (L.) Speg. 16 520 T ES Ane
Cassia ferruginea (Schrad.) Schrad. exDC 5 155 T ES Auto
Dalbergia nigra (Vell.) Allemao ex Benth. 3 144 T ES Ane
Inga vera Willd. 2 126 T ES Zoo
Machaerium nyctitans (Vell.) Benth. 2 081 T ES Ane
Senna multijuga (Rich.) H.S.Irwgi Barneby 2 0.80 T ES Auto
Clitoria fairchildiana R.A.Howard 1 070 T ES Auto
Apuleia leiocarpa (Vogel) J.F.Macbr. 3 050 T LS Ane
Inga marginata Willd. 1 049 T ES Ane
Caesalpinia leiostachya (Benth.) Ducke 1 039 T ES Auto
Caesalpinia peltophoroides Benth. 1 023 T ES Auto
Mimosa sp. 1 017U U U
Lacistemataceae Lacistema pubescens Mart. 2 035 T ES Zoo
Lauraceae Nectandra rigida (Kunth) Nees 4 071 T LS Zoo
Malpighiaceae = Byrsonima sericea DC. 3 068 T ES Zoo
Lophanthera lactescens Ducke 3 051 T LS U
Malvaceae Luehea grandiflora Maret Zucc. 1 018 T ES Ane
Melastomataceae Miconia tristis Spring 66 542 S P Zoo
Miconia cinnamomifolia (DC.) Naudin 36 475 T P Zoo
Miconia sp. 61 432 U U U
Miconia latecrenata (DC.) Naudin 43 3.09 T P Zoo
Miconia pusilliflora (DC.) Naudin 20 235 T ES Zoo
Ossaea sp. 11 110 S U U
Leandra nianga (DC.) Cogn. 6 083 S LS Zoo
Miconia sellowiana Naudin 7 064 T P Zoo
Leandra sericea DC. 3 051 S LS Zoo
Miconia discolor DC. 3 041 S U Zoo
Ossaea marginata (Desr.) Triana 4 041 S U U
Leandra sp. 3 032 s U U
Meliaceae Cedrela fissilis Vell. 1 102 T LS Ane
Trichilia pallida Sw. 1 015 T LS Zoo
Moraceae Artocarpus heterophyllus Lam. 1 058 T U Zoo
Myrtaceae Myrcia splendens (Sw.) DC. 178 13.00 T ES Zoo
Syzygium cumini (L.) Skeels 3 262 T P Zoo
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Table 2 continue

Eugenia florida DC. 1 015 T LS Zoo
Piperaceae Piper arboreum Aubl. 8 09 S LS Zoo
Piper mollicomum Kunth 3 038 S ES Zoo
Piper sp. 1 015 S U U
Primulaceae Myrsine coriacea (Sw.) R.Br. ex Roeaet.
Schult. 4 061 T ES Zoo
Rubiacae Psychotria conjungens Miill.Arg. 7 110 S LS Zoo
Psychotria nuda Charat Schitdl.) Wawra 1 017 S LS Zoo
Amaioua guianensis Aubl. 1 015 T LS Zoo
Rutaceae Zanthoxylum rhoifolium Lam. 2 051 T P Zoo
Salicaceae Casearia gossypiosperma Brig. 2 049 T LS Zoo
Casearia arborea (Rich.) Urb. 2 043 T ES Zoo
Sapindaceae Matayba elaeagnoides Radlk. 1 023 T ES Zoo
Allophylus edulis (A.St.-Hil.) Radlk. 1 016 T P Zoo
Cupania ludowigii Somnegt Ferrucci 1 015 T LS Zoo
Siparunaceae  Siparuna guianensis Aubl. 30 423 T LS Zoo
Solanaceae Solanum leucodendron Sendtn. 14 213 S P Zoo
Solanum cernuum Vell. 9 118 S P Zoo
Solanum argenteum Dunal 7 069 T P Zoo
Undetermined  Undetermined 1 3 040U U U
Undetermined 2 4 131 U U U
Undetermined 3 3 029 U U U
Undetermined 4 2 054U U U
Urticaceae Cecropia glaziovii Snethl. 3 102 T P Zoo
Total 705 100.00

N: number of individuals; 1V: importance value; LF: liferin (T: tree, S: shrub); SC:
successional category (P: pione&S. early secondary, LS: late secondary); DS:
dispersal syndrome (Ane: anemochor¥oo: zoochory; Auto autochory); U:
unclassified.

The families with the greatest species richness wetgadeae (13) and
Melastomataceae (12). The families with greatest numberndividuals were
Melastomataceae, with 263 individuals and Myrtaceae, 88t They corresponded
with 63.1 % of the total of plants sampled.

There are 21 common species between regeneration awotesspesed in
planting, with a Jaccard similarity index of 0.21 betwelamging and regeneration.

The species with the greatest importance values (I\{)dii@racterize this area
in restoration were Myrcia splendengdymenaea courbaril Miconia tristis
Anadenanthera peregrindiconia cinnamomifolia Licania tomentosaMiconia sp.,
Siparuna guianensiMiconia latecrenata and Syzygium cumini, representing 65.6 % of

the individuals (figure 2).
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Figure 2. Species of natural regeneration that stood out with higimstriance values
(V).

The average height value was 132 £+ 122 cm, with minimum and meaxwh 30
and 750 cm, respectively. The average diameter valueslés+ 1.30 cm, with
minimum and maximum of 0.02 and 7.92 cm, respectively.

The Shannon diversity indeX/() was 3.20 and the evenneg§ (vas 0.73.

Successional categories and dispersal syndrohfesshrub and tree species sampled
in the area in restoration are distributed in 14 pionpeciss, 30 early secondary
species and 20 late secondary species, while 16 speciesncolld classified. Of the
total of individuals sampled in the area in restoration, W@re pioneer, 314 early
secondary, 90 late secondary, while 104 individuals were spacaassified (figure 3).
With respect to dispersal syndrome, the shrub and tree spszoigpled in the
area in restoration are distributed in 47 zoochoricisped3 anemochoric species, 7
autochoric species, while 13 species could not be classbiethe total of individuals
sampled in the area in restoration, 548 were zoochoric, 38 avemocoric, 19 were

autochoric, while 100 individuals were species unclassified (figure
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Figure 3. Percentual distribution of individuals and sped@successional categofk:
pioneer ES early secondary, LS: late secondary), dispersal syndr¢Ave:
anemochoryZoo: zoochory; Autoautochory) and life form. U: unclassified.

Environmental variables and vegetation correlations. The environmeniablear
showed the following values: low leaf litter decompositiole ronstant (k) = 0.0033 +
0.0017; low canopy openness = 8.1 + 6.5 %; high soil penetratsistance = 9.3 + 4.6
MPa.

The species and the scores of axes 1 and 2 used in thecedwcorrespondence
analysis are shown in table 3. The canonical correspondaratgsis eigenvalues for
the first two ordination axes were 0.354 (aXisafhid 0.145 (axis 2). In this analysis the
first canonical axis explained 10.9 % of the variance hadsécond axis explained 4.5
%, together accounting for 15.4 % of the total variance. Mbete Carlo permutation
test showed significance (R 0.05) only for the speciesnvironmental correlations
between the first axes.

The environmental variables most strongly correlated thggHfirst axis were the
leaf litter decomposition, and with the second axis weeesbil penetration resistance
The weighted correlations showed weak interrelationsvdest the three variables
because they present lower eigenvalues than 0.5 (ter Braak 88}

The canonical correspondence analysis ordination (figyrendicates the
formation of a group of species associated with lessceaibaction and with low litter
decomposition rate as Maprounea guianensis and Solanum Cernuum. And the
formation of other group associated with intermediaddues of soil penetration
resistance and litter decomposition rate as Miconia pusillifional &lymenaea
courbaril. Solanum leucodendron tended higher abundance in more apepyc
Miconia latecrenata and Psychotria conjungens tended higher abundance in more
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closed canopy. Piper arboreum and Solanum argenteum tended highéaredeuat

sites with more compacted soils.

Table 3. The species, abbreviated species name and scores df ards2 used in the

canonical correspondence analysis.

. , Scores
Species Abbr. Species name Axis 1 Axis 2
Cassia ferruginea (Schrad.) Schrad. ex Dt Cas fer -1.133 0.716
Erythroxylum pelleterianum A.St.-Hil. Ery pel 0.322 -1.414
Hymenaea courbaril. Hym cou -0.133 0.700
Leandra nianga (DC.) Cogn. Lea nia -1.960 -0.308
Maprounea guianensis Aubl. Map gui 0.476 -1.085
Miconia cinnamomifolia (DC.) Naudin Mic cin 0.109 0.640
Miconia latecrenata (DC.) Naudin Mic lat 2.325 1.897
Miconia pusillifiora (DC.) Naudin Mic pus -1.419 0.695
Miconia sellowiana Naudin Mic sel -1.305 -1.951
Miconia sp. Mic sp. 0.665 -0.919
Miconia tristis Spring Mic tri -1.470 0.400
Myrcia splendens (Sw.) DC. Myr spl 0.214 -0.565
Ossaea sp. Oss sp. -0.558 1.018
Piper arboreum Aubl. Pip arb -1.150 2.060
Psychotria conjungens Mull.Arg. Psy con 0.873 0.436
Solanum argenteum Dunal Sol arg -1.267 3.633
Solanum cernuum Vell. Sol cer 0.537 -1.643
Solanum leucodendron Sendtn. Sol leu -0.809 -0.217
Xylopia sericea A.St.-Hil. Xyl ser -0.256  0.613

Table 4. Canonical correspondence analysis (CCA)ernal correlations (intraset) in
the first two ordination axes and correlation matsigighted environmental variables

used in the analysisCorrelations with absolute values0.5.

Enylronmental Internal correlations Weighted correlations
variables
Soil penetration

Axis 01 Axis 02 k  resistance Canopy openness
k -0.9886 0.0664 1.000 - -
Soilpenetration 1317 9913  0.196 1.000
resistance -
Canopy opennes  -0.3202 -0.2575 0.176 -0.215 1.000

Concerning the distribution of plots, the canonicairespondence analysis
ordination (figure 5) indicates that there is no a foimmabf large patches in the area
with predominant characteristics of the studied environalemarriables The study area
shows environmental heterogeneity.
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Figure 4. Canonical correspondence analysis ordination showiagdtstribution of
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DISCUSSION

Floristic compositionFabaceae, Melastomataceae and Myrtaceae are botfanmiss
often found in floristic surveys of natural regeneration semideciduous forests
(Higuchietal. 2006, Marangon et al. 2008) and in restored areas (Santos ancc¥hlca
2011, Miranda Neto et al. 2012).

Fabaceads an important familyin restoration areas, because many species of
this family can perform biological nitrogen fixation, whielases the regeneration on
degraded soils (Campello 1998), as Dalbergia nigra (Dias et al. 2006 marg@nata
and Inga vera (Moreira e Siqueira 2006).

Melastomataceae gathers individuals with several lifimdowith distribution in
all Brazilian forest types (Baumgragt al. 2010) and in degraded areas (Clausing and
Renner 2001)lit is considered the sixth largest family of angiospeimBrazil (Forzza
et al. 2010) In the Atlantic Forest, region of this stydiis family is considered an
important group due to the density of its populations (Baumngtadl. 2006).

Myrtaceae is a botanical family with high occurrencérapical and subtropical
regions of the world (Lamaraat al. 2011) with about 3,800 species worldwide (Lucas
et al. 2005) and about 1,000 speciasBrazil (Sobralet al. 2010) Most species of this
family is part of late successional category (Huller aglao8k 2011).

There is no floristic similarity between the regenemtiayer and the species
used in planting since the degree of floristic similarigtween two communities
considered by the Jaccard index (Mueller-Dumbois and Elleriti##g) has not been
reached: values equal to or higher than 0.25. NeverthéhesBabaceae and Myrtaceae
families are represented mainly by the species used mimqaThis demonstrates an
important contribution in the floristic composition ofgemeration. Melastomataceae
and Solanaceae have their most important representatio species from the
surrounding forest fragment3his demonstrates that the area in restoration reseiv
propagulesof the forest matrix where it is inserted and providesasorable
environment for the development of these species fremsulrounding

The outstanding importance value (IV) presented by spegieidsplendens is
mainly related to its high relative density. This spewias also sampled with emphasis
on natural regeneration in secondary forest fragmenssutheastern Brazil (Alves and
Metzger 2006, Higuclet al. 2006 and in restored areas (Miranda Neto et al. 2012).
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Hymenaea courbaril and Anadenanthera peregrina stood out for thelpasigh
area value Despite the low number of individualthese have large sizevith high
valuesof height and diameter compared with other species.

Hymenaea courbaril has a great geographical distribution wliptation to
different environments (Silva-Junior et al. 2001). Individuafisthis species in the
seedling and young stages are tolerant to shading, but yedingluals also have good
development in disturbed environments and in environmenkshigh light incidence
This maximizes their use in conservation tactics anelst restoration projects (Oliveira
et al. 2011).

Anadenanthera peregrina occurs in dry and wet soils; it toleshaow,
compacted, poorly drained and soggy soils, with medium tegleexture and it shows
moderate growth (Carvalho 2003). Howevar strong dominance and allelopathic
effects of Anadenanthera peregrina can contribute to a selegtéct on the seed bank
and regeneratigrand decrease the diversity of shrub and tree speciesnogpecific
plantations for forest restoration (Souza et al. 2012).

The valuesof Shannon diversity (H and evenness (Jdefine a forest with
medium diversity low ecological dominance and heterogeneous floridiic

Semideciduous forest (Souza et al. 2013).

Successional categories and dispersal syndroiles percentage of species and
individuals by successional category in the area in reginrghows that the early
secondary species were the most abundant dhés result corroborates with findings
in a 40-year-old restored forest by Miranda Netical. (2012) and forest fragment by
Higuchiet al. (2006) both located in the same region of this study, in wkikehgreater
proportion of the verified species was from the eadgondary category. These data
show an average successional stage for such environmensh@ndhat the area in
restoration got successional advance and progress in yitemdts of ecological
relations.

The percentage of species and individuals by dispersal@yedrin the area in
restoration shows that the zoochoric species were tis¢ abbundant oneblore than 75
% of trees in tropical forests have zoochoric disper@@@aune et al. 2013). This large
presence of species with zoochoric dispersion is impbrfor the maintenance of
propagules disperser fayrand shows an important resource and shelter supply for the

fauna (Franco et al. 2012).
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Environmental variables and vegetation correlatiofise average value of canopy
openness did not present high-value. It collaborates tiwgHarge presence in natural
regeneration layer of species of secondary ecologicaup, which need shaded
environment at least in the initial growth phase.

According to the classification of soil penetration resistance inegor
environments proposed by Arshad et al. (1996), the average fealu@ in this study
falls under high compactionThis probably happened because the study area was
severely altered by the bauxite mining and by the topsmbval and, thus, it reached
the lower layers in the soil profile with higher resis&rio penetration. This severe
alteration of the study area may also have a diemtion on the low leaf litter
decomposition rate constant. In an environment with baghpaction as the study area,
the speed of lixiviation is low, and thus the leaf lilecomposition rate will be slower.

The first and second eigenvalue can be considered és® than 0.5 (ter Braak
1995) showing the existence of a short gradient on the dinst second axes (Carvalho
et al. 200%.

The low eigenvalues show remaining variance that is not explained by the
environmental variables used. Howewéris a common feature in vegetation data and
does not affect the significance of the species-environmedationships (ter Braak
1995). This facis proven by the Monte Carlo permutation test which showatltte
abundances of species and environmental variables wereicsigtlif correlated, at
least on the first axis.

Canonical correspondence analysis showed that the spac#gzed have
different behaviors in relation to environmental variables

Miconia latecrenatas a pioneer species found in open areas (Fonsteh
2013). Howeverthis species was associated with a more closed carnegyT$iis was
probably due to the concentration of 77 % of individualshid species in a single
installment where the value of canopy openness was only 4.3 %. This sesws that
Miconia latecrenata can also develop and survateleast in the initial phasen
environments with high levels of shading.

Piper arboreum is an understory plant (Bizerril and Raw 199&ndfan
disturbed areas and its fruits are dispersed by batsqiM2002). Solanum argenteum i
a frequent specie in natural regeneration layer of rattedegraded areas (Santos and
Valcarcel 2011) and its main mechanism of dispersal isrugly hats (Mikich 2002).
These facts can explain the preference of these spdaresites with high soil

penetration resistance.
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CONCLUSIONS

The floristic composition of natural regeneration laymaostly, can be divided
into two groups. The first group is associated with sk compaction and with low
litter decomposition rate and the second is associatédintérmediate valuesf soil
penetration resistance and litter decomposition rate.

The natural regeneration layer of the area in resvorahows progress in forest
successionand it can be classified as intermediate successgtagé For the mined
areathe results obtained after ten years of implememtadi the restoration projedn
floristic terms are suitable In other words, we can consider that the ecological

processes of the area was successfully restored.
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Litter production and leaf litter decomposition in mined area in regoration

process in southeast Brazil

Abstract

The objective of the present study was to quantify anrttex production and to
verify leaf litter decomposition rate in mined area éstoration process in southeast
Brazil. Were installed 40 litter traps ofrh2 The material was collected monthly during
one year and separated into several fractibeef, flower, fruit-seed and branches.
Then the production was quantified. Forty litterbags were armrgystematicallyin
the study area. Was estimated decomposition rate dikhalftlife time (b.5) of the litter
for one year. The annual litter production was 6,772 + 1,9408akgThe predominant
fraction was leaf (5,101 + 1,486 kiga'). Litter production presents seasonally
throughout the year, with the largest production in the adritie cool and dry period.
And the leaf litter presents higher decomposition ratberperiod of highest rainfall

Keywords: Atlantic Foresbioindicators, forest ecology, litterbag, native sp&cie

Introduction

Mining activity generates the degradation of large areasamd Wworldwide
(Machado et al. 2013). Complete removal of vegetation daged top soil through
mining hinders or eliminates natural regeneration processdmgiPa&t al. 1997).
Therefore, anthropic interventions are necessaryestore the natural structure and
function of plant communities.

These interventions are conducted through forest restor@ahniques, which
are considered as effective toolkecological engineering (Let al. 2011). The goal of
forest restoration is to return the site to pre-disinde conditions (van Andel and

Aronson 2012).
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To avoid the occurrence of unforeseen events thathaay forest restoration in
a particular areat is essential to perform an evaluation of area itorason process
This evaluation checks the development of ecologicalgss®s helps in identifying
potential disturbances, defines management measures impiemented, aids in
improving the methods and models employed, and helps stafliemployed plant
communities (Ignacio et al. 2007). It is also possiblddwe an integrated approach
between social and ecological factors by combining thaluation of vegetative
indicators with an assessment of public perception and iesémet recreational values
provided by the restoration (Petursdottir et al. 2013).

The success of a forest restoration project requimesvaluation of the area in
restoration through the analysis of indicators or envirotiadezariables (Brancalion et
al. 2015). The most used indicators are vegetative indgatobioindicators such as
natural regeneration, seed rain, soil seed bank, campgyness, litter production, and
litter decomposition (Martins 2013). Litter production isated to factors like species
composition, species physiological responses, winds, ahalbgical regime (Eglin et
al. 2008,Acefolaza et al. 200

Through litter decomposition, organic matter and nutrieresreturned to the
forest soils, thus bringing about an improvement in faoiility (Xuluc-Tolosa et al.
2003, Alhamd et al. 2004). The rate of litter decomposition &eélto soil carbon and
nitrogen content and the presence of bacteria, fungiptim soil organisms (Kemp et
al. 2003, Alhamd et al. 2004).

Litter production and leaf litter decomposition are impatrtadicators for the
assessment of forest restoration because they are tinkedrient cycling (Barnest al.
1998). The litteris the main route of transfer of carbon, nitrogen, phosgh@nd

calcium back to soils (Cole and Rapp 1980).
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In this context, the objective of this study was to qdwnéinnual litter
production and to verify leaf litter decomposition rateairmined area in restoration
process in southeast Brazil. And to test the hypothdgisexistence of seasonal
differences in litter production throughout the year, withhighest production during
the dry season; 2) occurrence of highest leaf litter dposition rate in the period of

highest rainfall.

Materials and methods
Study site

The current study was conducted in a mined area in restonataessby
planting tree seedlin@(°25°35”S, 42°56’08”W), in the county of Descoberto, Minas
Gerais State, in southeast Brazil, with altitude betvgd63633 m.

The climate of the region is classified as Aw (troplwamid) by the Kdeppen
system. The temperatur high in summer, reaching 4, and in winter it is 20-22
°C, and the average annual rainfall is 1,300 mm. It hasyarugged topographywith
small plains and plateaus limited by mountains and neesti valleys (Lopes and
Branquinho 1988). The predominant vegetation in the regionewther study area is
inserted is classified as semideciduous montane fdBSE(2012).

In 2003 Votorantim Metais Company explored bauxite in the study.area
Subsequently the topographic reconstruction process aniinfllementation of forest
restoration were held through the planting of nativedsie the total area (ha), with
spacing of 1 x 1 mAround the study areahere are areas undergoing restoration with

different agesgrasslands and preserved forest fragments.
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Litter production

In the study areadO litter traps of 1 m? were installeglaced 10 cm above the
soil surface at intervals of 10 m between the traps. fEps tvere made of metal frame
with the bottom covered by a shading screen. The matetésicepted by the traps was
regularly collected at intervals of 30 days during a peobd2 months between July
2012 and June 2013. The litter collected was separated iotfis leaf, flower, fruit-
seed and branches (up t@@ diameter). After the sortinghe fractions were dried in
forced air oven at 70 °C for 48 hours and the dry mass wasured in electronic
precision scale.

For the analysis of the monthly change in total prodoctind fractional litter,
the analysis of variance (ANOVA) was usddllowed by the comparison of means
(Tukey testp < 0.05). This test was performed in Statistica 7.0 softwaeg&t 2004).

The rainfall data were provided by the weather station ef chmpany
Votorantim Metais (Figure 1). The canopy openness was detednthrough digital
hemispherical photographs obtained at the center of teaghwith the CI-110 Digital
Plant Canopy Imager® equipment.

To evaluate the influence of rainfall and canopy opennedstér production
during the study perigdhe matrix of Pearson correlation (significance p-lev@.01)
between the total litter production, the production of foagj the data from rainfall and

canopy openness was calculated.

Leaf litter decomposition

Forty litterbags were distributed in the study amditterbag with 5.0 g of leaf
litter dry mass of a mixture of species was placed in saidbeeach litter trap.
Litterbags were made of nylon mesh with the dimensionpfoximately 22 x 22 x 3

cm.
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Figure 1. Rainfall occurred from July 2012 to September 2013 frctunty of

Descoberto, in southeast Brazil. Source: Votorantim Metaiather station.

Decomposition rates were estimated from the loss ofédiys. Every 3 months
10 litterbags were randomly collected from the area, tmfali samplings. The material
obtained at every opportunity was dried in forced air ovef0£C for 48 hours and the
dry mass was measured in electronic precision scale., Therdecomposition rate k
was estimated according to the equation 1 (Olson 1963), amdifdaime (tos)
according to equation 2 (Rezende et al. 1999).
Xt=Xo. ekt (D)
Where, Xt = weight of litter at time t; ¢ initial weight of litter; e = natural logarithm;
k = decomposition rate constant; t = time of decompuositi
tos=1In (2) / k 2
Where, §.5= half-life time; k = decomposition rate constant.

A regression analysis was performed to estimate the ofassmaining leaf

litter. Different models were evaluateduch as linear, logarithmic, exponential,
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polynomial and potential The best fit was calculated using the coefficient of

determination (R?) at a 0.01 significance level.

Results
Litter production

The annual litter production was estimated at 6,772 *+ 1,940&g The
predominant fraction was leaf (5,101 + 1,48% ha?), followed by the fractions of
branches (1,290 + 660 kgi?), fruits / seeds (272 + 310 kgi') and flowers (109 + 211
kg ha?).

Seasonal variation in litterfall at the area in regtomais showed in Figure 2.
Litterfall occurred throughout the year but the maximure matcurred at the end of the

cool and dry period (September-October), with 24% of tataf li
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Figure 2.Mean monthly production (kg Ha+ SD) between July 2012 and June 2013
for total litterin the mined area in restoration process, southeast Bykeahs followed

by the same letter do not differ by Tukey test(@05).
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The lowest valuesf total litter production were recorded in the transiticomfr
the fall-winter seasonswith lower production in June. Leaf fraction presented
throughout the yeaa pattern very similar to the total litter productiohhe branch
fraction showed higher production in Novemb@&he fruit-seed fraction had slight
increase in the production in August and flower fraction shoavestight increase in

April, both showed a low and constant production (Figure 3).
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Figure 3.Mean monthly production (kg Ha+ SD) between July 2012 and June 2013

for fractions of the littem the mined area in restoration process, southeastl.Brazi

The correlations between the total litter and fractionsewexpressive and
significant (p < 0.01), especially the leaf fractidtowever the correlations between
litter and canopy openness were not significant (p > 0THg.area in restoration has
low canopy openness (8.1 + 6.5%). Rainfall showed a signifaanglation (p < 0.01)

only with the branch fraction (Table 1).
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Table 1. Pearson correlations among rainfall, canopy openness (@, litter,
fractions leaf, branch, fruit-seed and flower of thened area in restoration process,

southeast Brazil

Leaf Branch Fruit-Seed Flower Totallitter CO Rainfall

Leaf 1.000 - - - - - -
Branch 0.061 1.000 - - - - -
Fruit-Seed  0.405* -0.020 1.000 - - - -
Flower 0.675* 0.035 0.441* 1.000 - - -
Total litter  0.925* 0.388* 0.512* 0.709* 1.000 - -
CO -0.164 -0.005 -0.083 -0.044 -0.145 1.000 -
Rainfall -0.015 0.732* -0.257 0.072 0.213 - 1.000

* p < 0.01 significant

Leaf litter decomposition

The values of the dry mass, decomposition constardan@)the half-life of the
leaf litter in each analysis period are shown in Tabken® the decomposition curve is
in Figure 4.

The highest decomposition rate and the consequent lowakst for half-life
were recorded in the period from October-December 2012. Téterdgression model
adjusted (polynomial) for the estimated leaf litteca@@positionin area in restoration
resulted that 84% (p < 0.01) of the variation in the remngileaf litter mass can be

estimated from the time, in months (Figure 4).

Table 2. Dry mass,decomposition rate (k) and litter half-life tinfie.s) during periods

of analysisin the mined area in restoration process, southeast Brazi

t Period Dry mass Decompositior k tos
(months) (9) (%) (gg'day') (days)
0 Oct 2012 5.00 £0.00 00.0 0.0000 -

3 Oct-Dec 201z 3.53 +0.57 29.3 0.0039 180
6 Jan-Mar 201 3.04 +0.69 39.1 0.0028 251
9 Apr-Jun 2013 1.98 + 0.46 60.4 0.0034 202
12 Jul-Sep 2013 1.95 +0.42 61.0 0.0026 265
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Figure 4.Leaf litter decomposition curves in the mined area itorason process,

southeast Brazil.

Discussion
Litter production

The annual litter production obtained is among the valuesdeddn Tropical
Forests in Brazil (Werneck et al. 2001, Pinto et al. 2008)ddes et al. 2010, Dickow
2012), Mexico (Sanchez and Alvarez Sanchez 1995), Jamaica (dkDand Healy
2000) and Thailand (Hanpattanakit and Chidthaisong 2012). Alseas & restoration
(Moreira and Silva 2004, Machado et al. 2008, Celentano et al..2011)

The greater productioof leaf fraction in the final period of the dry season ca
be related to the occurrence of strong winds in SeptearmiOctobertypical of this
season in southeast Brazil, and which acts as a mechattal (Pintoet al. 2008). It
too can be related to the vegetation response to wass stthich acts as a mechanism
to reduce water loss through transpiration (Martins aadrigues 1999). Addition to

the decrease in temperature and low soil moisture duringehson (Burghouts et al.
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1994, Hanpattanakit and Chidthaisong 2012), and reduction of photb&toreira
and Silva 2004).

The deposition of branches is related to biotic evemas generate long-term
responses and abiotic ones that generate short-teponges such as physical damage
by lightning, high winds, falling trees and rainfall (Pintaakt2008). Thus, the rain was
possibly the main factaf greater deposition of branches in November-2012, the month
with the highest volume of rainfall (288m) during the analysis of litter.

The production values of flowers and fruit-seeds arecty related to local
biotic conditions floristic composition and phenology of species preserthé study
area (Diniz and Pagano 1997)herefore, these fractions do not follow the same
distribution of the production of leaves and branches.

Although a strong correlation is expected between lgteduction and canopy
coverage especially in plantations with high density of treedaflC et al. 2001,
Celentancet al. 2011, the absence of a statistically significant correfatetween litter
and canopyn the area in restoratipgannot be disregardeds the area has a closed
canopy and a high litter productiomologically, we can say that there is an important

influence of the canopgn litter production.

Leaf Litter decomposition

The mass of the leaf litter showed gradual decrease dumndg2hmonths of
analysis. The percentage achieved by the remaining ofdsaf litter fall within the
range of 40-70% was reported for different forest types amthtii conditions (Guillon
etal. 1994, Alhamcet al. 2004, Sanchest al. 2009, Ibarratal. 2011).

The highest decomposition rate recorded in the periddb®@cDecember 2012
coincides with the period of highest volume of rainféhis fact may influence the rate

of decomposition. However, according to Kochy and Wilson (1,9@afations in the
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level of shading by the canopywith effects on insolationtemperature and soll
moisture may also influence the rate of decomposition of le&drliin addition, soil
fauna in different environments (Heneghetnal. 1998) and nutrients present in the
leaves can affect the decomposition rate, for exangueeleration of decomposition
due to high levels of nitrogen (Mfilinge et al. 2002).

Another factor that may influence the rate of decompasiibleaf litter is the
level of compaction and soil structumeanly in mining soil where the structurs
highly modified.

The lowest decomposition rate and the consequent highkst Yor half-life
recorded in the period July-September 2013 related mainly tgdhed of lowest
volume of rainfall during the analysis time. There is arelesing trend in the rate of
decomposition in the late stages of the decompositionepso(Guillon et al. 1994),
approaching a limit value of mass loss (Berg 2000). In thi&liphase, the level of
water-soluble substances decrease rapidly and in thet&ge, the decomposition of

lignin dominates relative to other nutrients (Osono and TakRéda).

Conclusions

Litter production presents seasonally throughout the ye#h the largest
production in the end of the cool and dry period. And tlaé liter presents higher
decomposition rate in the period of highest rainfeliese patterns, and the values of
litter production and decomposition, are similar to thdssative semideciduous forests

in the region.
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5. CONCLUSOES GERAIS

A partir dos resultados obtidos nos trés agmgaresentados, conclui-se que:

Ap6s dez anos de implantagdo do projeto de restauracaagelegio aos
indicadores estudados, pode-se considerar que os procesisgicesada area foram
restaurados com sucesso

A floresta em processo avancado de restauracao ja pedeeeno ecossistema
de referéncia para avaliacdo e monitoramento de outrosgwraie restauracao florestal
em regides com condi¢cdes ambientais semelhantes.

Recomenda-se, como a¢bes de mahgjaras na area, visando melaorinda
mais a sustentabilidade da floresta em processo de reéimucaenriquecimento com
espécies epifitas como bromélias e orquideas, ainda ausentes

As acOes de restauracdo ecologica adotadas pela empresa d&dosldnoram
positivas e contribuiram para a formacdo de uma floresta recuperacdo da
diversidade de espécies arboreas e dos processos ecolagiessacdes demonstram o
comprometimento da Votorantim Metais com a sustentabilidadeudeatividade de

mineracdo de bauxita na regido da Zona da Mata mineira.
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ANEXO

A — Imagem de satélite da area de estudo (Fonte: Google Earth, ;2B15)Vista
parcial da area de estudo;-Clnterior da area de estudo com um dos coletores de
serapilheira.
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