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ABSTRACT - The constant management of a seed bank accelerates the environmental recovery, in an attempt to reach the reference system. That
said, this research aimed to evaluate the effects of a mining area on the richness, composition, and structure of the seed bank. The hypotheses are
that there is greater richness in the surroundings areas in relation to the mining pit and that composition and structure are different between mining
and surroundings areas. Twenty sampling points were assessed during two seasons (dry and wet): ten within a mining pit and ten in its surroundings.
There was low seedling diversity from the seed bank in the mining area and a significant difference in the species composition of seeds in relation to
its surroundings. The species composition from both sites/treatments includes pioneers, bioaccumulators and phytoremediators, which are important
to maximize results for the recovery of degraded mining areas.

Keywords: bioaccumulation, degraded areas, phytoremediation, recovery

RESUMO - Diferencas no banco de sementes do solo em drea de mineragio e adjacéncias: estudo de caso inserido no dominio do Cerrado.
O gerenciamento de um banco de sementes acelera a recuperagdo ambiental para alcangar o sistema de referéncia. Diante disso, o objetivo desta
pesquisa foi avaliar o efeito de uma area de mineragdo na composicao e diversidade do banco de sementes. As hip6teses foram de que ha maior
riqueza nas areas do entorno em relagdo a mina, e que a composicao e estrutura sdo diferentes entre as areas mineradas e arredores preservados.
Vinte pontos de amostragem foram avaliados, utilizando uma espatula manual de ago inoxidavel para coletar o solo durante duas estagdes (seca
e umida): dez dentro de uma cava de mineragéo e dez nos arredores. Encontramos uma baixa diversidade de plantulas do banco de sementes na
area de mineracgdo e uma diferenca significativa na composicao de espécies em relagdo as areas do entorno. A composi¢ao de espécies de ambos os
locais/tratamentos inclui pioneiras, bioacumuladores e fitorremediadores, que sdo importantes para maximizar os resultados para a recuperagao de
areas mineradas degradadas.

Palavras-chave: areas degradadas, bioacumulagéo, fitorremediagdo, recuperagdo

INTRODUCTION 2018). Thus, the use as a restoration technique (seed bank

transfer) associated with the description of species richness,

Soil seed bank is the set of viable seeds in a given area
(with or without vegetation) over a certain period of time
(Li et al. 2012). Seed bank studies have been the focus of
research throughout Brazil for different purposes, such as
the edge effect, environmental indicators, and nucleation
methods (Martins ef al. 2008, Leal-Filho et al. 2013, Braga
et al. 2016, Machado ef al. 2017).

Seed banks can contain high diversity of species
(Ferreira et al. 2015, Braga et al. 2016, Silva et al. 2019),
providing resilience and regeneration of native species
(e.g. Guimardes et al. 2012, using topsoil) and presenting
high density of viable seeds (Martins 2007, Pilon et al.

abundance and composition before a disturbance event of
natural or man-made causes (environmental degradation)
and its subsequent monitoring helps to understand the
succession processes in the specific area. The seed bank
transfer is such an important technique that it is used in
different ways and in different morphoclimatic domains
[e.g. Amazon (Leal-Filho ef al. 2013), Atlantic forest (Braga
et al. 2016), among others].

Seeds are usually lost due to mineral extraction. After
total mineral extraction, the area undergoes a recovery
process. In order to recover a given area using its previous
vegetation elements, propagules of its surroundings can
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be used (Martins et al. 2008, Miranda Neto et al. 2017,
Pilon et al. 2018). However, descriptive studies on these
methodologies and their respective results in mining areas
are still incipient.

Few studies showed that the constant management
and the transposition of the seed bank of adjacent areas
accelerate the recovery of the forest ecosystem (forest with
similar characteristics from before mineral exploration)
(Martins et al. 2008, Guimardes et al. 2012). The soil
seed bank presents a successional floristic replacement
property. Monaco ef al. (2003) and Sandeville Jr. (2010)
stated that forest sources with different successional stages
increment the seed implementation in places where the soil
seed bank is not sufficient.

Based on the above arguments, this study aimed
to evaluate the richness, composition and structure of
the soil seed bank of a mining pit and its surroundings.
It is hypothesized that there is greater richness in the
surroundings areas in relation to the mining pit. Moreover,
the species composition and structure are different between
mining and surroundings areas.

MATERIAL AND METHODS

Study area

The study area is located in the Cerrado domain, in
Vazante city, northwest of the state of Minas Gerais (17°36’S
-46°42°W), Brazil (Fig. 1). The area has an altitude of 550
meters at sea level and tropical savanna climate (Aw), with
dry winter and rainy summer, according to the Képpen
climatic classification (Alvares et al. 2013). The average
annual temperature is 22.6 °C, with a monthly average of
18 °C in the coldest season (dry period) and 29.1 °C in the
warm season (rainy period). The average annual precipitation

Brazil

is 1,450 mm, which is mainly concentrated from November
to February, presenting mean monthly rainfall of less than
60 mm in the driest months (Antunes 1986, Brasil 1992).
The natural vegetation is composed of savannas, represented
by its various types and developed on soils derived from
basalt (Golfari 1975). The predominant soil of the area is
classified as Dystrophic Red-Yellow Latosol.

The mining area under study presents high levels
of cadmium, lead and zinc, in which mineral extraction
already ceased after more than 50 years of exploration.
Studies related to environmental restoration and recovery
have been conducted in the area (e.g. Carvalho et al. 2013,
Schneider et al. 2013, Carvalho et al. 2015). Furthermore,
nowadays, human action does not directly influence the
presence of floristic elements. The typical vegetation of
the surrounding area consists of conserved savannah, with
traces of human action on the edges. It presents a thin
shrub-tree layer and a continuous herbaceous layer. The
study area presents several physiognomies of the Cerrado
domain: from the Cerrado grassland (“Cerrado campo
limpo ) covering the shallowest and poorest soils of the
highest elevations of the relief, to the “Cerraddo” and
semideciduous forests in the flat lowlands of more fertile
soils (Siqueira ef al. 2006).

Sample design

We evaluated two different periods: one in the rainy
season (summer) and another in the dry season (winter). We
sampled in these two seasons to find the maximum number
of species dispersed throughout the year. The mining pit was
divided into 50 blocks to select the sampling points. The
surrounding vegetation areas were mapped using Google
Earth®, and also divided into 50 blocks of similar area to
the mine. We choose randomly twenty sampling points,

Minas Gerais
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Figure 1. Location of Vazante city and study area, northwest of Minas Gerais state, Brazil.
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ten within the mining pit (Treatment 1) and ten others in
its surrounding area (Control Treatment). Each sampling
point was distant from each other by approximately 30
meters. At each sampling point, we collected two soil
samples by at least two meters apart. The two soil samples
from each sampling point constituted a single replicate for
statistical testing. The surrounding areas that were used
as control treatments are distant from the mining pit by
nearly 50 meters.

We collected 25 x 25 cm soil samples from 10 cm
superficial layer. We collect a total of 40 soil samples (20
for each treatment), resulting in a volume of 250,000 cm®
of soil and an area of 2.5 m?. The two samples of each
sampling point were homogenized and packed in plastic
bags to germination. Germination was conducted in plastic
trays (44 x 27.6 x 7.6 cm) and the material was irrigated
every morning during 180 days.

The germinated seeds from the seed bank at the end
of 180 days were quantified, and only seedlings with
a minimum size of three centimeters were identified
(following methodology similar to Machado et al. 2017).
Life forms and dispersion syndromes followed the standard
of Machado ef al. (2017) and a methodology similar to
Leal-Filho ef al. (2013) and Braga et al. (2016).

Statistical analyses

To verify sample efficiency and rarefaction curves (to
all area and separated treatments) the first-order Jackknife
richness estimator (Burnham and Overton 1978) was
calculated, using EstimateS 7.5 software (Cowell 2006).

The structure includes data such as abundance and
composition in a spreadsheet, in which samples were
expressed in the rows and the species in the columns. In
each cell, there was abundance. Thus, a dissimilarity matrix
was obtained by using the Bray-curtis index. From this
dissimilarity matrix, a two-dimensional ordination based
on a nonmetric multidimensional scaling (nMDS) was
projected, and the significance of the differences between
treatments was indicated by the nMDS was tested by means
of a one-way analysis of similarity (ANOSIM) (Clarke
1993), with 5% significance level.

RESULTS

Of the 20 soil replicates, six had no germination, one
from the surrounding area and five from the mining pit.
We found a total of 69 seedlings of 22 species belonging
to 18 botanical families (Table 1), resulting in a density
of 27.6 seedlings/m?. For the surrounding area, we found
47 seedlings with a richness of 22 species. For the mining
pit, 22 seedlings were found with nine species, being three
species exclusive to the mining area (Calotropis procera,
Leucaena leucocephala and Gomphrena claussenii). Since
four species found in the vicinity of the open pit were not
identified, they were morphotyped in the attempt of a
future identification. Asteraceae, Malvaceae, Sapindaceae,
Fabaceae and Solanaceae were the most representative

families for both treatments, and the species with the highest
number of germinations belong to the Solanaceae family.

The curves of species accumulation and the estimator did
not reach asymptote. The first-order Jackknife estimated a
richness of 35.36 species; the sampled richness represented
67.83% of the estimated richness. The curve of the richness
estimator was not within the 95% confidence interval (Fig.
2A e 2B). However a clear difference in species richness
was observed between the mining pit and surrounding
area (Fig. 2A).

Seed bank community structure showed a significant
difference according to ANOSIM (R = 0.586, p < 0.0006),
which can be seen by most of sampling points from
surrounding areas that are in the right side of the ordination
plot (Fig. 3). However, nMDS showed no visible separation
for all points from each treatment in the two-dimensional
ordination, possibly because some of mining pit plots are
spatially close to surroundings samples (Fig. 3).

DISCUSSION

Our study showed that species richness, composition
and structure of soil seed bank of mining pit areas differ
significantly from surrounding areas in the Cerrado region.
Most of the families and genera found in the present
study are in agreement with the diversity found by Neri
et al. (2011), who also found families such as Fabaceae,
Asteraceae, Malpighiaceae and Rubiaceae in a study
area located near the area of the present study. Non-
stabilization of the species accumulation curve indicates
that there are species in the seed bank that were not
sampled. Nevertheless, we did not expect the stabilization
of the curves due to the great diversity and environmental
heterogeneity of neotropical savanna ecosystems (Cerrado)
(Myers et al. 2000, Klink & Machado, 2005).

Species diversity of the soil seed bank of the mining
area and its surroundings area are considered very small
when compared with other seed bank studies developed
in the Cerrado domain. Ikeda et al. (2008) found 36
species for Cerrado areas that were anthropized by fire,
while Melo et al. (2007) found 49 species. The results of
the present study might are reflecting the great harshness
caused by mining activities due to vegetation suppression
interventions and subsequent use.

Gomphrena claussenii was found inside the open
mining pit and it is described as phyto-remediating of
different types of metals (cadmium and zinc) at high
concentrations (Carvalho ef al. 2013). The presence of
this species in mining pits was also reported in other
studies conducted in Vazante (MG) (Carvalho et al. 2013,
Carvalho et al. 2015). Another species that has a similar
behavior is Leucaena leucocephala; an exotic species that
in association with arbuscular mycorrhizal fungi presents
similar phytoremediation performance (mentioned by
Schneider et al. 2013, for arsenic), therefore, common
within mining areas. Calotropis procera was also present in
the seed bank of the mining pit; it is an invasive species from
Asia and Africa that was introduced in Brazil around 1900.
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Table 1. Germinated species in the seed bank in the Cerrado area of Vazante, northwest of Minas Gerais state, and their respective Life Forms (LF):
shrub = S, Tree = T, Herb = ER and Liana = LI, Succession Classifications (SC): Pioneer = PI and non-pioneer = NP and Seed Dispersion (D):
Anemochory = ANE, Barocory = BAR, Hydrochory = HID and Zoochory = ZOO.

" Spees s D "t (T Contah
Malvaceae

Sida sp. S PI ANE 1

Apeiba tibourbou Aubl. T PI BAR 1 11
Malpighiaceae

Mascagnia sp. S PI ANE 3
Asteraceae

Asteraceae spl. (morphotype 1) PI ANE 1

Asteraceae sp2. (morphotype 2) PI ANE 1
Rubiaceae

Borreria sp. S PI ANE 2 5
Apocynaceae

Calotropis procera (Aiton) W.T.Aiton ER PI ANE 1
Verbenaceae

Duranta sp. ER PI ANE 1
Celastraceae

Hippocratea volubilis L. LI PI ANE 2
Lamiaceae

Hyptis sp. ER PI ANE 1 4
Fabaceae

Leucaena leucocephala (Lam.) de Wit T PI HID 1

Fabaceae spl. (morphotype 3) S PI ANE 1
Oxalidaceae

Oxalis sp. ER PI ANE 1 6
Piperaceae

Piper arboreum Aubl. S PI Z00 4
Sapindaceae

Paullinia sp. S PI 1 2

Serjania sp. PI 1
Solanaceae

Capsicum parvifolium Sendtn. PI ANE 2

Solanum caavurana Vell. PI Z00 3

Solanum sp. PI Z00 1
Pentaphylacaceae

Ternstroemia brasiliensis Cambess. T NP HID 2
Cannabaceae

Trema micrantha (L.) Blume T PI Z00 1 2
Amaranthaceae

Gomphrena claussenii Moq. E PI Z00 6
Pteridophyte sp1. ER PI ANE 1

It is highly resistant to varied environmental conditions
and expanded its distribution to different Brazilian
morphoclimatic domains, such as Cerrado (Fabricante
et al. 2013). Its ability to colonize new areas is related to
his preference for ferruginous soils (Oliveira et al. 2009),
as it was found in the study area. It is worth emphasizing
that these exotic species are invasive. Degraded areas
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are easily occupied by exotic species and including such
species in a recovery technique can cause an additional
problem, biological invasion. Biological invasions are
threats to biodiversity (Meffe & Carroll 1997) and tend to
get worse (Westbrooks 1998). Invasive species are highly
efficient in competing for resources and can cause serious
environmental and economic damage (Dachler 2003).
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Figure 2. Curves of species accumulation for the seed bank of Vazante city, northwest of the state of Minas Gerais, Brazil. A. Accumulation curve
for the seed bank and confidence interval in a mining area and surrounding area separated; B. Accumulation curve for the seed bank, confidence
interval and first-order Jackknife richness estimator in a mining area and surrounding area together.
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Figure 3. Two-dimensional ordination diagram based on the nonmetric
multidimensional scaling (nMDS) for species density of the seed bank
from a mining pit and surrounding areas in Vazante municipality, northwest
of the state of Minas Gerais, Brazil.

The composition of the seed bank was dissimilar
between areas, and richness was approximately twice as
large in the surrounding area when compared with the
mining pit. In these species composition, we found several
pioneer species in the seed bank (Caldato et al. 1996,
Baider et al. 1999, Monaco et al. 2003, Soares and Almeida
2011), which can favor an accelerated regeneration that
is necessary for restoration. Sampled pioneer species are
mostly herbaceous and shrub (Souza et al. 2006, Calegari
etal. 2013, Machado et al. 2017), commonly found in seed
banks of degraded areas, where several characteristics,
such as dispersion ability, favor their dominance (Braga
et al. 2016). The seed dispersion by anemochory was
the main strategy found in the area, which is relatively
common in number and proportion in dry habitats (Howe
and Smallwood 1982). Strong winds favor the dispersion
of anemochoric species (Howe and Smallwood 1982). In

addition, wind-dispersed seeds tend to be produced in the
dry season (Howe and Smallwood 1982), which justifies the
sampling of seed bank in different seasons. For Solanum,
Piper and other zoochoric species, the average dispersion of
them by vertebrates can reach up to 70% to 90% (Willson
et al. 1989) and the consumption of fruits (frugivory) by
birds is a fundamental step in the reproduction of most
tropical plants (Herrera 1994), such as Trema micrantha
(L.) (Andreani et al. 2014).

The transpositions of the seed bank have been shown to
be an efficient technique for the restoration of modified and
degraded areas (Leal-Filho et al. 2013, Pilon ef al. 2018)
such as mining pits (e.g. our study area). Considering the
seed banks of nearby Cerrado area in an intermediate stage of
human action, it is the most suitable for restoring areas with
little or no vegetation, and the soil would not influence, since
the physical-chemical attributes are similar for the donors
and receiving areas (Amaral et al. 2017). The available
diversity in a donor area nearby the degraded one is the
result of years of deposition of relict and resistant species.
They are able to withstand environmental adversities (such
as intense heat or excessive rainfall, among other natural
events) that might happen along the successional process
of environmental restoration. Therefore, species present
might have favorable characteristics for the regeneration
and recovery of mining areas. However, it is recommended
the use of other methodologies in order to maximize the
results, for example, with the installation of artificial
perches (Melo 1997), planting native species with zoocoric
dispersion syndrome (Guimaraes 2008, Garcia et al. 2009),
dense planting of seedlings (Guimardes 2008), spreading of
litter (Gisler 1995), among others. More research, similar to
Alday et al. (2009), focusing on soil seed banks of mining
areas and their surroundings ought to be conducted in order
to quantify and analyze the efficiency of environmental
restorations over time.
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Monaco et al. (2003) and Sandeville Jr. (2010)
mentioned the importance of nearby vegetation sources
for the increase of seed rain in locations where the seed
bank is not sufficient to recompose an altered system.
Therefore, the protection of the surrounding areas nearby
the open pit can favor recovery and even the emergence
of arboreal species.

We concluded that the soil seed bank from the mining
pit presents reduced richness when compared to adjacent
remnant areas, while the composition and structure of the
samples includes pioneer (fast-growing) species and some
species that present high capacity for bioaccumulation and
phytoremediation. The composition and structure of the
soil seed bank from adjacent areas included pioneer and
non-pioneer species, with seed dispersion related mostly
to anemochory and zoochory.
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