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1. Introduction

Brazil is the world’s fourth largest producer of bauxite
with 36.3 million tons (12.1% of world production), after
Australia, China and Guinea. In addition, it has the third
largest reserve of this mineral, with 2.7 billion tons "' In
this sense, Brazil stands out both in the production and in
the exploration of mineral reserves existing in its territory.
As a result, mining has an important role in the Gross Do-
mestic Product (GDP), as well as providing jobs to com-
munities around the mined area and promoting regional
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The objective of this study was to compare the soil seed bank in an area
under natural regeneration (F1) and another reforested through seedling
planting (F2), seven years after bauxite mining, in Southeast, Brazil. In each
area, 10 sampling points were randomly distributed, using three samples
of topsoil to represent each point. The samples were transported to a shade
house and evaluated for six months, where emerging individuals were
identified every two weeks. Floristic similarity was evaluated with cluster
analysis based on the Jaccard index (SJ). Species richness and abundance
of individuals were compared using Student's t test. In F1, 2,114.94
propagules m-2 were registered, belonging to 51 species and 24 botanical
families, Shannon-Wiener diversity index H’=2.770 and Pielou evenness
index J’=0.705. In F2, 1,168.62 propagules m-2 were registered, belonging
to 42 species and 22 families, H’=2.618 and J°’=0.700. The (SJ) between
F1 and F2 was 0.61, indicating a high similarity. The results showed high
density of propagules, good diversity and absence of ecological dominance.
The high number of individuals and diversity of tree species with zoochoric
dispersion found in the areas indicates that both natural regeneration and
reforestation were efficient in the ecological restoration of bauxite mined
areas.

development .

However, bauxite mining causes punctual impacts due
to the suppression of vegetation and the removal of su-
perficial layers of soil, which, despite not occupying large
territorial extensions (such as agriculture and livestock),
can cause imbalances in the environment ™,

Therefore, choosing efficient restoration techniques
is essential to reduce the environmental impacts in these
areas, to optimize the amount of resources spent in this
process, as well as to accelerate the vegetal cover and to
reestablish ecological functions in these environments .
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In addition to conserving the existing diversity, forest res-
toration is able to minimize erosive processes and increase
the carbon stock, which can contribute to climate change
mitigation '*),

In this sense, the effectiveness of a forest restoration
project must be assessed using evaluation and monitoring
indicators ", in regular time periods, using phytosociolog-
ical studies. Such studies are subsidies for understanding
the structure and dynamics of forest formations, as well
as the arrangements, ecological processes, functions and
interdependence of ecosystem components, in addition to
enabling a comparison between the restored area and the
reference ecosystem ',

Through these environmental indicators, it is possible
to define the current status of the project, identify flaws
in the restoration process and correct the trajectory ", re-
ducing costs to achieve the objectives and goals defined in
these projects. It is also possible to determine the stage at
which the restored area shows signs of becoming self-sus-
tainable over time and fulfilling its role in the conserva-
tion of local biodiversity, dispensing management inter-
ventions, in addition to ensuring a constant improvement
of ecological restoration ™.

The most frequently used forest restoration assessment
indicators are vegetative indicators such as: natural regen-
eration, seed rain, canopy opening, litter production and de-
composition, planted seedling growth and survival, nutrient
cycling and soil seed bank P!, These vegetative indicators
have the advantage of being relatively easy to quantify
when compared with other biological indicators /.

The soil seed bank is composed of a stock of viable
seeds, present in the soil or in the litter, which can ger-
minate soon after their dispersion or persist in a dormant
state until they receive favorable conditions for germina-
tion """ According to Calegari et al. '"’)] these seeds
can be autochthonous, that is, originating from species in
the area itself or allochthonous, coming from species from
adjacent areas.

The study of the floristic composition, dynamics and
density of the soil seed bank is important to evaluate
conservation status and the potential for restoration of
forest ecosystems '>'*'¥. This forest component is closely
linked to the establishment of plant populations, the main-
tenance of species diversity, the establishment of ecologi-
cal groups and the potential for natural regeneration of an
ecosystem in the face of possible disturbances, that is, its
resilience '"'*'. In this way, the soil seed bank stands out
as a good bioindicator in assessing the potential success of
forest restoration projects.

Thus, the objective of this study was to evaluate and
characterize the soil seed bank through a comparative

2 Distributed under creative commons license 4.0

study in two adjacent areas under restoration: an area un-
der natural regeneration (F1) and another reforested by
planting seedling (F2), after bauxite mining in the Zona da
Mata region of Minas Gerais State, Brazil.

2. Materials and Methods

2.1 Characterization of the Study Site

The study was conducted in the municipality of Sdo
Sebastido da Vargem Alegre (Figure 1), located in the re-
gion denominated Zona da Mata, in Southeastern Minas
Gerais State, Brazil, in two adjacent areas: Forest 1 (F1) -
forest under restoration by natural regeneration (extreme
location points are 21° 2’ 0.06” S, 42° 34’ 58,55” W and
21° 17 57.64” S, 42° 35” 2.24” W), with a surface area of
0.5 hectares and Forest 2 (F2) - forest under restoration by
planting of seedlings of native tree species (21° 1’ 57.50”
S, 42°35°2.42” W and 21° 1° 55.79” S, 42° 35’ 2.81” W),
with a surface area of 0.15 hectares.
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Figure 1. Study site, Sdo Sebastido da Vargem Alegre
County, Minas Gerais State, Brazil.

According to the Koppen "' classification, the region’s
climate is type Cwa, humid temperate with hot summer and
dry winter. The average temperature is 23.5 © C, ranging
from 18 - 31 ° C, with an average rainfall of 1564 mm "7,

The region has altitudes between 670 and 780 m and
rugged relief, ranging from heavily undulating to moun-
tainous. According to the Brazilian Soil Classification
System !"¥ typical dystrophic Red-Yellow Latosol soils
predominate in the region, with typical vegetation classi-
fied as Semideciduous Seasonal Montane Forest ''”).

Historically, the studied areas were used for livestock
and coffee farming. Between 2009 and 2010, bauxite
mining was carried out. After the extraction of the ore,
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topographic reconformation was performed in both areas,
as well as the transposition of a 50 cm layer of topsoil that
had been removed and stored before mining. Subsequent-
ly, the soil was prepared with subsoiling and the formation
of level terraces .

After the actions of soil preparation and fencing of the
whole area, one of the areas was maintained without new
interferences to assess the potential for natural regener-
ation and another received the planting of seedlings of
tree species native to the Brazilian Atlantic Forest, as it is
normally done in the mined areas of the region (Table 1).
In this way, both areas have the same age of restoration
and the evaluation of the seed bank occurred 7 years after
mining and the application of reconformation and soil
preparation techniques.

Table 1. List of tree species used in the planting of F2
(forest under restoration by the planting of native tree

species).
Botamcal Species SC DS
family
Annonaceae Annona squamosa L. ES  Zoo
Bignoniaceae Tabebuia chrysotrichia (Mart. Ex DC.) LS Ane
Standl.
Fabaceae Apuleia leiocarpa (Vogel) JFMacbr. LS Ane
Hymenaea coubaril var. stilbocarpa (Hay-
ne) Lee & Langenh. LS Zoo
Paubrasilia echinata (Lam.) Gagnon,

H.C.Lima & G.PLewis LS Auto

Anadenanthera peregrina (L.) Speg. P Ane

Inga edulis Mart. ES  Zoo
Piptadenia gonoacantha (Mart.) JFMacbr. ES  Auto
Enterolobium contortisiliquum (Vell.) P Zoo

Morong

Lecitidaceae Lecythis sp Nec  Nc
Malvaceae Ceiba speciosa (A. St.-Hil.) Ravena LS Ane

Meliaceae Trichilia sp Nc  Nc
Moraceae Ficus insipida Willd. ES  Zoo
Peraceae Pera glabrata (Schott) Poepp. ex Baill. ~ ES ~ Zoo
Sapindaceae Cupania oblongifolia Mart. P Zoo
Sapindus saponaria L. LS Auto

SC: Successional category (P= Pioneer, ES= Early secondary, LS= Late
secondary); DS: Dispersal syndrome (Ane= anemochory, Zoo= zoo-
chory, Auto= autochory); Nc= Not Classified

At the time the seed bank was collected, F1 presented
sparse tree individuals with an average of 3m in height,

Distributed under creative commons license 4.0

presence of patches of invasive grasses, low canopy cov-
erage and presence of individuals naturally regenerated,
in several stages of development *”. On the other hand, in
F2, arboreal individuals that were planted had an average
height of 8m, greater canopy coverage and few regenerat-
ing individuals in the understory layer. Around these areas
under restoration there are coffee plantations, pastures,
planted forests, areas of mineral exploration, areas in pro-
cess of restoration with different ages and preserved forest
fragments (Figure 1).

2.2 Field Procedures

The collecting of samples from the soil seed bank was
carried out with the selection of 10 random sampling
points in each of the forests (F1 and F2), covering the
entire area in the most representative way possible and
observing the minimum distance of 10 m from the points
to the edge. At each point, a 45 x 29 cm (1,305 cm?)
frame was used to collect three samples of topsoil to a
depth of 5.0 cm, disregarding the hard-top litter (vegetation
remains, such as leaves, branches and stems), totaling 60
samples (30 in each area).

The samples from the soil seed bank were transported
to the shade house of the Research Nursery of the Federal
University of Vigosa, where they were transferred to plas-
tic trays (0.45 x 0.29 x 0.08 m), with holes in the bottom
for draining water excess and isolated from possible con-
tamination by external propagules using a polyethylene
screen with 50% shading. Four trays with sterile sand
were placed on the bench with the purpose of controlling
external contamination. The soil samples were under pro-
grammed sprinkler irrigation (four daily irrigations lasting
three minutes each) for a six-month period. During this
time, all emerged individuals were registered and identi-
fied through evaluation every two weeks.

2.3 Species Classification

The species nomenclature followed the Angiosperm
Phylogeny Group - APG IV '/, using the database of The
Plant List website **. The species sampled in the soil seed
bank were classified into succession classes, according
to the criteria proposed by Budowski ** and adapted by
Gandolfi et al. ®¥ for Brazilian semi-deciduous forests, be-
ing: pioneer (P), early secondary (ES), late secondary (LS)
and not classified (Nc). They were also classified in terms
of propagules dispersal syndromes as: zoochoric (Z00),
anemochoric (Ane) and autochoric (Auto) **). In addition,
the species were also classified according to their origin as
native (N) and exotic (E) and according to their life form
as herb (H), shrub (S), tree (T) and vine (V).
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2.4 Phytosociological and Statistical Analysis

Phytosociological parameters like relative density (RD)
and relative frequency (RF) were calculated according to
Mueller-Dombois and Ellenberg **. The Shannon-Wiener
diversity index (H”) " and the Pielou evenness index (J°) **
were also calculated using the FITOPAC 2.1 software *.

In F1 and F2, the mean species richness and the mean
abundance of individuals, were compared using Student’s
t test for independent samples at a 5% significance level
(p <0.05) and the Jaccard index was chosen to measure
floristic similarity.

In addition, the floristic similarity between the seed
banks of the areas under restoration was analyzed using
the clustering technique. The cluster analysis was based
on the Jaccard similarity index (SJ), using a data matrix of
presence and absence of species. A dendrogram was pro-
duced using the UPGMA (Unweighted Pair Group Meth-
od with Arithmetic Mean) clustering method, to identify
the spatial distribution and species behavior patterns in the
two communities. These analyzes were performed using
statistics in R version 3.5.1 and the Vegan package .

3. Results

In the soil seed bank of the forest under restoration by
natural regeneration (F1), 8,280 emerged individuals were
recorded (2,114.94 propagules m™~), belonging to 51 spe-
cies and 24 botanical families (Table 2), with (H”) =2.770
and (J) = 0.705. In the forest where seedling planting
was used (F2), 4,172 emerged individuals were recorded
(1,168.62 propagules m™), belonging to 42 species and 22
botanical families, with H’= 2.618 and I’ = 0.700. In the
control trays, with sterilized sand, there was no seedling
emergence, showing the non-contamination of the experi-
ment by seeds coming from nearby sources.

In F1, the families Phyllanthaceae (24.17%), Aster-
aceae (21.27%), Amaranthaceae (10.36%), Oxalidace-
ae (8.35%), Poaceae (6.69) presented the highest RD,
totaling 70.8% of emerged individuals. On the other
hand, the families with the highest RD in F2 were Aster-
aceae (24.93%), Solanaceae (20.78%), Phyllanthaceae
(13.28%), Amaranthaceae (15.2%) and Rosaceae (7.19%),
totaling 98.62% of the individuals.

The five most abundant species in F1 were: Phyllan-
thus tenellus Roxb with 2001 individuals, Ageratum co-
nyzoides L. (1216), Amaranthus deflexus L. (858), Oxalis
corniculata L. (691) and Trema micrantha (L.) Blume
(397). In addition to Trema micranta, which was the most
representative among the arboreal species, the following
trees were also recorded: Vernonanthura diffusa (Less.) H.
Rob.; Cecropia hololeuca Miq; Vernonanthura phosphor-
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ica (Vell.) H. Rob.; Senna multijuga (Rich.) H.S. Irwin &
Barneby; Solanum mauritianum Scop and Euterpe edulis
Mart.

However, in F2, the most abundant species were: Sola-
num americanum Mill. (861), Amaranthus deflexus (634),
Phyllanthus tenellus (554), Vernonanthura diffusa (340)
and Gnaphalium purpureum L. (328). The tree species
that occurred in this area were: Vernonanthura phosphor-
ica (111), Trema micrantha (61), Senna multijuga (4),
Eucalyptus sp. (4) and Solanum mauritianum (1). After 7
years, none of the planted species were registered in the
seed bank.

In both areas there was the presence of invasive exotic
grasses of the genus Urochloa. In all F1 plots, Urochloa
decumbens Stapf and Urochloa plantaginea (Link) Hitchc
were observed and, in F2, the presence of Urochloa de-
cumbens was recorded.

Some species presented broad distribution throughout
the plots, whereas some species showed very strict dis-
tribution. For example, Cecropia hololeuca and Euterpe
edulis were found only in plot 8 of area F1, Cyperus dis-
tans L. f. and Indeterminate 1 found only in plot 4 of F1.
Commelina diffusa and Leonotis nepetifolia were found in
parcels 1, 4, 5 and 6 of area F1. The species Phyllanthus
tenellus, Conyza canadensis and Lepidium virginicum
were found in both areas and in all plots.

The means species richness and the means abundance
in F1 and F2 were compared using Student’s t test for
independent samples at a 5% significance level (p <0.05)
(Figure 2). Mean species richness was different between
the studied environments (p= 0.0002127), with greater
mean richness in F1 (27.1) than in F2 (21.1). The same
behavior was observed regarding abundance of individ-
uals (p = 0.01708), with mean of 828.0 propagules in F1
and 417.2 propagules in F2.

In order to identify and evaluate patterns of establish-
ment of the seed banks in both areas, the dendrogram
shown in Figure 3 was generated, based on the presence
and absence of species and the use of SJ and UPGMA.
The Jaccard index between F1 and F2 was 0.61, indi-
cating a high similarity between the analyzed forests, as
presented by Kent & Coker ", The dendrogram shown
demonstrates a grouping tendency of tree species with
zoochoric dispersion and also herbaceous species of initial
successional categories with anemochoric dispersion.

The classification in successional classes showed the
predominance of pioneer (P) species (F1 = 68.63%; F2
= 71.43%), as well as individuals (F1 = 62.86%; F2 =
64.24%) in both areas (Figure 4-A), followed by early
secondary (ES) species and only a few late secondary (LS)
species.
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Table 2. Floristics and phytosociology of the soil seed bank species of the forests undergoing restoration (F1= natural
regeneration and F2= planting of native tree species).

Botanical family/species F1 NI (I((%D) (;R/OF) F2 NI %2) (I}FA)) OR LF SC DS
AMARANTHACEAE
Amaranthus deflexus L. . 858 1036 2.95 . 634 152 427 E H P Zoo
ARECACEAE
Euterpe edulis Mart. . 4 0.05  0.37 N T LS Zoo
ASTERACEAE
Ageratum conyzoides L. . 1216  14.69  3.69 . 15 0.36 2.84 N H P Zoo
Baccharis trimera (Less.) DC. . 4 0.1 1.42 N H P Ane
Conyza canadensis (L.) Cronquist . 213 257 3.69 . 121 29 4.74 E H P Ane
Emilia sonchifolia (L.) DC. . 9 0.11 1.11 . 8 0.19 1.42 N H Nc  Ane
Erechtites hieraciifolius (L.) Raf. ex DC. . 4 0.05 1.11 . 20 048 427 N H P Ane
Erechtites valerianaefolia C.E.C. Fisch. . 8 0.19 1.42 N H P Ane
Galinsoga parviflora Cav. . 63 0.76  3.32 . 3 0.07 0.95 E H P Ane
Galinsoga quadriradiata Ruiz & Pav. . 15 0.18 0.74 E H P Ane
Gnaphalium pensylvanicum Willd . 20 024 221 . 13 0.31 2.37 N H ES Ane
Gnaphalium purpureum L. . 51 0.62 1.85 . 328  7.86 4.27 N H ES Ane
Gnaphalium spicatum Mill. . 22 0.27 1.85 . 49 1.17 427 N H ES Ane
Sonchus oleraceus L. . 8 0.1 1.11 . 20 0.48 2.84 N H P Ane
Vernonanthura diffusa (Less.) H. Rob. . 114 138  3.32 . 340  8.15 4.74 N T P Ane
Vernonanthura phosphorica (Vell.) H. Rob. . 26 0.31 1.11 . 111 266 474 N T P Ane
BEGONIACEAE
Begonia cucullata Willd. . 70 0.85  0.37 . 12 0.29 0.95 N H P Ane
BRASSICACEAE
Lepidium virginicum L. . 103 1.24  3.69 . 163 3.91 4.74 E H P Nc
CANNABACEAE
Trema micrantha (L.) Blume . 397 479 258 . 61 146 427 N T P Zoo
COMMELINACEAE
Commelina benghalensis L. . 67 0.81 2.21 . 1 0.02 0.47 H P Auto
Commelina diffusa Burm. f. . 17 0.21 1.48 P Auto
CONVOLVULACEAE
Ipomoea sp. . 280 349 332 . 32 0.77 332 N v P Ane
CYPERACEAE
Cyperus distans L. f. . 3 0.04 037 N H P Ane
Cyperus rotundus L. . 225 272 332 . 14 0.34 2.37 N H P Ane
EUPHORBIACEAE
Euphorbia heterophylla L. . 2 0.02 037 N H P Auto
FABACEAE
Senna multijuga (Rich.) HSIrwin & Barneby . 18 022 258 . 4 0.1 0.47 N T ES Auto
INDETERMINATE
Indeterminate 1 . 15 0.18  0.37 Nc Nec Nc Nc
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Indeterminate 2 . 2 0.02 0.74 Nc Nec Nc  Nc
Indeterminate 3 . 2 0.02 037 Ne Nc Nc Nc
Indeterminate 4 . 3 0.07 047 Nc Ne Nc Nc
LAMIACEAE
Hyptis suaveolens (L.) Poit. . 123 1.49  3.69 . 1 0.02 0.47 N H P Zoo
Leonotis nepetifolia (L.) R. Br. . 142 1.71 1.48 E S P Ane
MALVACEAE
Sida rhombifolia L. . 272 329  3.69 . 105 252 332 N H P Ane
Triumfetta rhomboidea Jacq. . 12 0.14  1.11 . 6 0.14 095 E S P Zoo
MELASTOMATACEAE
Leandra niangaeformis Cogn. 42 0.51 2.58 . 57 1.37 2.84 N S P Zoo
MYRTACEAE
Eucalyptus sp. . 4 0.1 0.47 E T P Ane
ONAGRACEAE
Ludwigia tomentosa (Cambess.) H. Hara . 49 0.59 221 N S P Ane
OXALIDACEAE
Oxalis corniculata L. . 691 835  3.69 . 167 4 3.79 E H Nc Ane
PHYLLANTHACEAE
Phyllanthus tenellus Roxb. . 2001 24.17  3.69 . 554 1328 474 N H ES Auto
POACEAE
Digitaria horizontalis Willd. . 179 216  3.69 . 10 024 095 N H P Ane
Digitaria insularis (L.) Fedde . 69 0.83 221 N H P Ane
Digitaria sanguinalis (L.) Scop. . 35 042 295 . 4 0.1 0.47 N H P Ane
Eleusine indica (L.) Gaertn. . 2 0.02 0.74 . 3 0.07 095 E H P Ane
Urochloa decumbens Stapf . 256 3.09  3.69 . 43 1.03 3.79 E H P Ane
Urochloa plantaginea (Link) Hitchc. . 13 0.16 1.11 E H P Ane
PORTULACACEAE
Portulaca oleracea L. . 2 0.02 037 31 0.74 047 N H Nc Zoo
ROSACEAE
Rubus rosifolius Sm. . 87 1.05 1.85 300  7.19 3.79 N S LS Zoo
RUBIACEAE
Diodella teres (Walter) Small . 15 0.18 1.85 . 3 0.07 0.47 N H P Nc
Richardia brasiliensis Gomes . 141 1.7 3.32 . 24 0.58  3.79 N H Nc Ane
Spermacoce latifolia Aubl. . 5 0.06  0.37 . 11 0.26 1.42 N H ES Auto
SOLANACEAE
Nicandra physalodes (L.) Gaertn. . 5 0.06  0.37 E H Nc¢  Zoo
Solanum americanum Mill. . 250  3.02  3.69 . 861 20.64 3.79 N H P Zoo
Solanum mauritianum Scop . 6 0.07  0.37 . 1 0.02 0.47 N T Zoo
Solanum sp. . 5 0.12 0.47 N H P Zoo
URTICACEAE
Cecropia hololeuca Miq. . 48 0.58  0.37 N T P Zoo
Pilea microphylla (L.) Liebm. . 2 0.02 0.74 . 18 0.43 0.95 N H P Ane
TOTAL 8280 100% 100% 4172 100%  100%

NI: Number of individuals; RD: Relative density; RF: Relative frequency, OR: Origin (N= Native, E= Exotic); LF: Life Form; (T= Tree, S= Shrub,
H= Herb, V= Vine); SC: Successional category (P= Pioneer, ES= Early secondary, LS= Late secondary); DS: Dispersal syndrome (Ane= anemo-
chory; Zoo= zoochory; Auto= autochory); Nc: Not Classified; *: Indicates de presence of the species in the soil seed bank
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Figure 2. Boxplot of a) species richness and b) abundance of individuals. Numbers followed by different letters are sta-
tistically different p < 0.05 (Student’s t test). (F1= natural regeneration, F2= planting of native tree species and st. dev. =
standard deviation).
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Figure 3. Dendrogram of similarity between the different species found of the soil seed bank of the forests undergoing
restoration (F1= natural regeneration and F2= planting of native tree species). The dendrogram was produced using the
UPGMA (Unweighted Pair Group Method with Arithmetic Mean) clustering method based on the Jaccard similarity index.

Regarding the dispersal syndrome classification,
anemochoric (Ane) species predominated in both areas
(F1 = 52.94%; F2 = 57.14%). However, most individ-
uals showed dispersion by animals (F1 = 36.03%; F2 =
35.02%) (Figure 4-B).

In both F1 and F2, herbaceous (H) species and individ-
uals predominated (Figure 4-C). Moreover, 7 tree species
were registered in F1 and 6 species were registered in F2,
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including the exotic Eucalyptus sp. The number of tree in-
dividuals was higher in F1 (613) than in F2 (521), mainly
due to the contribution of the species Trema micrantha.
There was a predominance of native species and in-
dividuals in both areas (F1= 70,59%; F2= 76,19%). The
proportion of native (N) and exotic (E) individuals was
similar between F1 and F2, although the number of exotic
species and individuals was slightly higher in F1 (Figure
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Figure 4. Distribution of emerged species and individuals of the soil seed bank species of the forests undergoing res-
toration (F1= natural regeneration and F2= planting of native tree species) classified in (a) successional categories (P:
pioneer; IS: initial secondary; LS: late secondary), in (b) dispersion syndrome (Ane: anemochory; Auto: autochory; Zoo:
zoochory); in (c) Life form (T: tree; S: shrub; H: herb; V: vine) and (d) origin (N: native, E: exotic). Nc: not classified.

Regarding the dispersal syndrome classification,
anemochoric (Ane) species predominated in both areas
(F1 = 52.94%; F2 = 57.14%). However, most individ-
uals showed dispersion by animals (F1 = 36.03%; F2 =
35.02%) (Figure 4-B).

In both F1 and F2, herbaceous (H) species and individ-
uals predominated (Figure 4-C). Moreover, 7 tree species
were registered in F1 and 6 species were registered in F2,
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including the exotic Eucalyptus sp. The number of tree in-
dividuals was higher in F1 (613) than in F2 (521), mainly
due to the contribution of the species Trema micrantha.

There was a predominance of native species and indi-
viduals in both areas (F1=70,59%; F2= 76,19%). The pro-
portion of native (N) and exotic (E) individuals was similar
between F1 and F2, although the number of exotic species
and individuals was slightly higher in F1 (Figure 4-D).
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4. Discussion

The soil seed bank in areas at an early stage of succes-
sion tends to have a high density of seeds, decreasing as
the succession progresses ">, In F1, the density of propa-
gules found (2,114.94 m™) is higher than the average den-
sity indicated by Garwood """’ in secondary tropical forests
(1,650 propagules m™), which is justified due to the great-
er presence of pioneer species in the topsoil, whose seeds
have dormancy and tend to remain viable in the soil for a
longer period.

In F2, the density of 1,168.62 propagules m™ corrob-
orates the study by Miranda Neto "', in which 830 prop-
agules m” were found in an area with ten years of resto-
ration. This lower density of propagules, compared to F1,
reveals that the area may be under greater influence from
eucalyptus planting, which in turn acts as a barrier, reduc-
ing wind speed and consequently limiting anemochoric
dispersal.

These variations in the density of soil seeds in different
areas can be related to several factors such as the type of
disturbance, history of the area, the presence and quantity
of dispersers and geographical barriers **. As observed,
most of the species and individuals sampled in the seed
bank are herbaceous (F1 and F2), which is common in
this type of study, as noted by Balestrin et al. *”, Costal-
onga %, Martins "* and Silva et al. *" as a characteristic
of disturbed environments. In addition, the predominance
of this life form can be explained by the life cycle of these
species, high seed production and history of agricultural
use in the area (pasture and coffee plantation), among oth-
er factors.

It should also be noted that these herbaceous species
are fundamental in the early stages of ecological succes-
sion, as they present a high potential to colonize altered
B39 Because they usually have facultative
dormancy and efficient dispersion mechanisms, this group
of species presents a better adaptation in disturbed areas,
in addition to improving soil conditions, both in water
retention and in the formation of aggregates, avoiding ero-
sion processes. These improvements in edaphic conditions
help the development of pioneer shrub and tree species,
and as the succession process increases, there is a tenden-
cy to decrease the density of herbaceous species in the soil
seed bank ["**"),

In F1, the Phyllanthaceae family, with only one species
(Phyllanthus tenellus), presented the highest relative den-
sity (24.17%) due to the fact that it was the species with
the largest number of individuals in the seed bank, fol-
lowed by the Asteraceae family (21.27%), as also verified
by Miranda Neto et al. ** and Oliveira et al. """, In F2, the

environments
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Asteraceae (24.93%) and Solanaceae (20.78%) families
had the highest relative densities, as well as in surveys

carried out in tropical forests in the Atlantic Forest domain
[34,37,40]

The greater richness of species in the Asteraceae family
and the high number of individuals contributed to the high
density of this family in both areas. This can be explained
by the predominance of species of herbaceous life forms
and anemochory dispersion syndrome, which have a sur-
vival strategy based on a rapid life cycle and abundant
seed production, which are easily dispersed by the wind """,
Due to this behavior, this family is already consolidated as
the most important in several seed bank studies """,

Moreover, due to the age of planting (only 7 years) and
the predominance of final species of succession in area
F2, it is likely that the species are not fruiting and deposit-
ing seeds in the bank, therefore they were not recorded in
the evaluation, confirming studies carried out in the region
and in mining environments, as reported by Miranda Neto
et al. ™’ This result corroborates with the idea that the age
of the first reproduction varies according to the succes-
sional class, usually in the pioneers it occurs prematurely
(1-5 years); in early secondary (5-10 years) and late sec-
ondary (> 10 years) .

The highest proportion of pioneer species and individ-
uals, in both areas under restoration (F1 and F2), confirms
data from other studies on soil seed banks in Minas Gerais
(33333791 and in other forest formations in Brazil . Thus,
the predominance of native pioneer species in the seed
bank is due to the ability to form a persistent bank in the
soil due to long seed viability, high seed production, effi-
cient dispersion mechanisms and because they normally
show fast growth at full sun, being an excellent indicator
of resilience to natural or man-made disturbances .

In this sense, the predominance of pioneer and native
species on the soil seed bank strengthens the potential for
vegetation recovery, in case of severe disturbances **.
However, continuous monitoring of the area is necessary
to prevent the high number of seeds of exotic species
present in the soil from germinating and invading the area,
which can hinder the establishment of native species and
hinder the successional advance """,

The greater richness of species with anemochoric dis-
persion found in both areas, corroborates that verified by
Guimardes et al. ™, which demonstrates the predomi-
nance of this category in studies on seed banks in areas
under restoration in the phytophysiognomy Seasonal
Semideciduous Forest, in the Atlantic Forest domain and
also in studies in areas of forest undergoing restoration
after bauxite mining """,

In terms of individuals, the predominance of zoochoric
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dispersion in F1 and in F2, reveals the importance of for-
est fragments as a source of resource and shelter for the
maintenance of propagating dispersal fauna, especially in
the beginning of forest regeneration after disturbances **,
contributing to the enrichment of the seed bank and seed-
ling bank of forests under restoration.

In F1, the presence of Euterpe edulis stands out, a
zoochoric tree species that has a high fruit production and
great reproduction capacity, which are very attractive to
wild fauna %, It is considered a key species in the ecosys-
tem, mainly for the restoration of impacted areas, being
present in the Red Book of Flora of Brazil, in the “Vulner-
able” (VU) category *7.

The high representativeness of Trema micranta has also
been observed by other authors in areas that have suffered
some disturbances "***!, It is a nucleating species, a pi-
oneer with rapid growth in adverse conditions and which
has a reproductive strategy based on the early and contin-
uous production of orthodox seeds, mainly dispersed by
frugivorous birds. In addition, efficient dormancy mecha-
nisms ensure high seed longevity ***,

Also, due to the morphometric characteristics of the
canopy (wide and dense), 7. micrantha can be indicated
as a species of the filling group in ecological restoration
plantations, with the function of live perch and also to
prevent invasion of aggressive grasses, through the rapid
shading of the soil. Thus, the species plays a fundamental
role in the resilience of ecosystems and is considered one
of the main alternatives to enable the restoration of mined
areas "%,

The Shannon diversity index (F1: H ‘= 2.770 and F2:
H’ = 2.618) indicates good diversity in both areas, while
the Pielou’s equability (F1: J ‘= 0.705 and F2: J ‘= 0.700)
indicates floristic heterogeneity, i.e., absence of ecological
dominance, in accordance with the study by Miranda Neto
et al ® in the same region and in mining environments.
In addition, the results were superior to those found in the
studies by Costalonga ”*, Braga, et al. ! and Miranda
Neto et al “* carried out in Semideciduous Seasonal For-
est in different situations and stages of development.

In contrast, in the same forest typology as the study
areas, higher values of diversity were observed in the
studies by Miranda Neto et al. ®” and Peres et al. ®". Such
variations in the diversity indexes may be related to the
successional characteristics of the area, landscape fea-
tures, as well as the occurrence of impacts and changes in
these areas. In this sense, these results corroborate the idea
that the proximity to preserved forest fragments facilitates
the continuity of the gene flow between communities, and
consequently help the restoration of areas ***>**,

The high similarity according to the Jaccard index (SJ)
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indicates a certain degree of species shared between the
seed banks in the two areas. This similarity may be related
to the geographical proximity of the areas and, conse-
quently, to be influenced by seed rain. Other determining
factors in this result are the origin of the topsoil used (taken
from the same areas) and also the role of the dispersing
fauna, since both in F1 and in F2 most individuals are
zoochoric, which enhances resource availability and spa-
tial reach for these animals, contributing to the observed
similarity.

Through the similarity dendrogram, it is possible to
observe the grouping of some tree species that have zoo-
choric dispersion, such as Euterpe edulis and Cecropia
hololeuca, present in F1. This is because many zoochoric
species may be being dispersed mainly under nests or
along routes used by birds and frugivorous animals .

It was also observed the spatial grouping of species Cy-
perus distans L. f. and Indeterminate 1 found only in par-
cel 4 of F1, and there may be some restrictive site charac-
teristics, such as edaphic conditions or luminosity, which
justify this condition **. This characteristic can also be
verified through the grouping of the species Commelina
diffusa Burm. f. and Leonotis nepetifolia (L.) R. Br., pres-
ent exclusively in F1, in parcels 1, 4, 5 and 6.

In addition, there was a trend towards the spatial
grouping of pioneer herbaceous species, such as Conyza
canadensis (L.) Cronquist, Lepidium virginicum L., and
the initial secondary Phyllanthus tenellus. This result
collaborates with the idea that species of initial succes-
sional groups tend to remain dormant in the seed bank,
waiting for ideal conditions to germinate (light, humidity,
temperature, etc.), which facilitates the recovery of these
environments in case of any disturbance (eg.: clearings
formed by falling or cutting trees). In this way, such seeds,
generally positive photoblastic, are able to germinate and
thus promote rapid vegetation cover %,

In this sense, these species have a fundamental role
in nature and in the restoration process, as they have a
high capacity for adaptation in disturbed environments,
generally have a high power of dissemination, in addition
to developing under different conditions of light and hu-
midity, thus facilitating the emergence of more advanced
and more demanding species from the nutritional point of
view, in addition to enabling their use in restoration proj-
ects ',

The presence of Urochloa decumbens in all F1 plots
reveals the need for constant monitoring of the area, in
order to control possible clearings that favor the develop-
ment and colonization of these species. In F2, Urochloa
decumbens was also found, although with less frequency.
These results are explained by the topsoil origin, since
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before mining the areas were used for agricultural crops
and pasture, and specially by the current proximity to pas-
ture areas, which demonstrates the influence of the spatial
variable on the dissemination and development of plant
species, especially with regard to invasive grass species.

5. Conclusions

The soil seed banks of the two studied areas are rela-
tively similar floristically and functionally. This indicates
that both natural regeneration and reforestation were effi-
cient in the ecological restoration. However, species rich-
ness and abundance were greater in the forest in natural
regeneration, highlighting this technique as an alternative
for restoring these environments, as long as they are in-
serted in a landscape with remnants of preserved native
forests and that receive actions to recover and conserve
the mined soil as topographic reconformation, topsoil
transposition, and soil preparation, as made by the mining
company.
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