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The identification of factors that influence the timing of seedling emergence in topsoil is important to
improve restoration strategies in former mining areas. The aim of this study was to determine the time
of emergence of seedlings present in the topsoil of high fields in the Atlantic Forest on bauxite mines in
the plateau region of Po¢cos de Caldas, Minas Gerais, in both the dry and rainy seasons. The surface
layer soil (top 5 cm) and litter were collected in August 2011 and March 2012. We collected 12 samples,
consisting of 6 subsamples distributed in 3 sites (4 samples/site), from both the dry and wet periods (n
= 24). The collected contents were placed in plastic trays and germination was evaluated in the
greenhouse. The seedling emergence curve was adjusted. The values were submitted to analysis of
variance associated with the Scott-Knott test (p < 0.05). The number of emerged seedlings and the time
required for emergence to stop were lower in the rainy season than the dry season. The results show
that the best time for the storage of the topsoil layer is the dry season, since it prolongs the viability of
propagules and improves the success of recovery activities on mined areas.
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INTRODUCTION

Fields Plateaus in southeast Brazil contain rare vegetation and Silva, 2005). This plant communities occurs in open
and are considered areas of great environmental areas (Vasconcelos, 2011) covered by bunchgrass
importance due to their high level of endemism (Caiafa matrixes and some pteridophytes (Safford, 1999), and



is usually found at an altitude of around 1,500 m
(Vasconcelos, 2011). The plateaus deserve attention for
their scenic beauty, biological importance, and geological
particularities, standing out as sources of primary water
capture, supplying water to approximately 25% of the
Brazilian population (Safford, 1999).

The Pocos de Caldas Plateaus are located within the
Atlantic Forest ecosystem (Veloso et al., 1991) with a rich
biodiversity and high level of endemism, where large
deposits of bauxite are being mined in areas of typical
regional vegetation. The knowledge and awareness of
the impacts generated by mining in the region, as well as
its importance for the national and international
economies, motivate practices related to the conservation
and recovery of these environments (Barros et al., 2012).
The topsoil seed bank may be an indicator of the
behavior of the species in areas subjected to mining
(Martins et al., 2008; Machado et al., 2013), thus studying
it provides important information for the development of
conservation plans (Adams et al., 2005). Therefore, the
evaluation of the emergence time of propagules in certain
environments, taking into account spatial and temporal
patterns (Ceccon and Hernandez, 2009), allows for the
identification of periods of higher propagule emergence,
as well as periods with greater plant species diversity.
This information can improve the expected results of
environmental restoration plans that, among other
factors, also include indicators of plant performance,
physical and chemical aspects of the soil, and the impact
on the fauna (Almeida and Sanchez, 2005; Mensah,
2015). Studies making use of this approach are important
to gather cumulative data about the timing and plant
diversity of propagule emergence, allowing inferences
about the optimal periods to implement restoration
practices in altered environments. Analysis of the
propagule emergence time under controlled conditions is
widely used for species of commercial interest to address
the needs of seed and grain producers (Caldeira et al.,
2015). However, few studies have been developed using
this analysis for plant conservation in natural
environments (Machado et al., 2013).

The removal, stocking, and returning of topsoil are
used to promote environmental recovery after mining
activities (Hall et al., 2010; Barros et al., 2012; Jaunatre
et al.,, 2014). The topsoil, the layer that includes the
surface horizons of the soil, is rich in organic matter,
autochthonous seeds, and microorganisms, and is
considered to be of the utmost importance in the
restoration of altered environments (Koch, 2007). The
knowledge of the wealth of plant species that make up
the soil seed bank provides information on the
conservation status of the area and will certainly
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contribute to the development of appropriate management
protocols for vegetation condition (Fisher et al., 2009).
The returning of this surface layer is also
recommended to maintain the physical characteristics of
soil as close as possible to the existing prior to mining
(Barros et al., 2013), since it must be considered the
influence of storage time on the longevity of the existing
propagules and their influence on the quality of soil and
seeds bank. Therefore, this study aimed to determine the
duration and timing of emergence of propagules collected
in two periods (dry and rainy seasons) to optimize
techniques for restoring bauxite mining areas in the
Pocos de Caldas Plateaus region of Minas Gerais, Brazil.

MATERIALS AND METHODS

The study area is located in the Pogos de Caldas Plateaus, at an
altitude of around 1,300 m, where the forest formations are
classified as High-mountain Semi-deciduous Seasonal Forest
(Oliveira Filho and Fontes, 2000), surrounded by native fields. The
climate in this region is mesothermic, of the Cwb type (Alvares et
al.,, 2013) with an annual average precipitation of 1,300 to 1,600
mm for the rainy season (October to March) and 300 mm for the dry
season (April to September) (Guimardes et al., 2013). The
collection of potential propagative material for restoration activities
was carried out in August 2011 (winter dry season) and March 2012
(summer rainy season). The upper 5 cm of the topsoil was collected
after removing the vegetation (Aradjo et al., 2004). Soils classified
as dystrophic Red Nitosol predominate in the study area (Embrapa,
2006), it is characterized as typically porous, high acidity, and in the
case of the study area of large amounts of clay, gravel and strongly
undulating terrain. The study area was divided into 3 sites: (A) close
to a eucalyptus stand, (B) in the center of the field, and (C) in the
field close to the native forest (Figure 1). The sampling was
comprised of a total of 12 samples that included 6 subsamples
(Souza et al., 2006), with 4 samples being collected per site for
each period (N = 24). Immediately after collection, the samples
were sent to a greenhouse at the forestry nursery of the
Department of Forest Sciences (DCF) of the Federal University of
Lavras (UFLA) and placed under a shade cloth at 50% luminosity.
Each soil sample was spread over a 1.5 cm sterilized sand bed,
autoclaved (120°C for 1 h), and placed in 33.00 x 44.00 x 8.00 cm
plastic trays according to the methodologies proposed by Aradjo et
al. (2004) and Zhang et al. (2001). The soil samples collected were
approximately 0.012 m3.

The method used to quantify the individuals present in the topsoil
was counting the daily emergence of propagules (Gross, 1990).
The plants were identified and removed from the trays after
reaching the adult stage (flowering, when possible), with proper
care to avoid contamination of the propagules. The evaluations
were performed for 11 weeks, until the emergence of new
individuals ended. The maximum average temperature during the
rainy season was 27.1°C and the minimum was 16.66°C, with an
average relative humidity of around 75%. On the other hand, in the
dry season, the maximum average temperature was 28.3°C and the
minimum was 14°C, with an average relative humidity of around
58.7%. The propagules presents in the substrate were
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Figure 1. Experimental layout for studying propagule emergence in topsoil from the Pocos de Caldas
Plateaus, MG. (A) field area near the eucalyptus plantation, (B) center of the field, (C) field area close to the

native forest.

Irrigated every 24 hours using 500 mL of water in each tray.Data on
the number of propagules that emerged in the samples were used
to adjust the emergence curve of plateau plants using the software
Germinator (Joosen et al., 2010), as described by El-Kassaby et al.
(2008), using the parameters of the Hill function (4PHF):

aXb

Y=Y+ 5 5
c® + x°

o

Where: y = percentage of cumulative emergence in x time; yo = y-
axis intercept; b = exponent that controls the form and degree of
inclination in the curve; ¢ = time necessary for 50% of viable
propagules to emerge (t50); x = assessment time; and a =
maximum cumulative emergence percentage.

The adjustment of the cumulative emergence curves indicates
the biological behavior before specific environmental conditions
(Joosen et al.,, 2010). In this study, the values found for the
adjustment of the emergence time were subjected to variance
analysis, having as variables: t50 (necessary time for 50% of the
viable propagules to emerge) and u7525 (time interval between the
emergence of 25 and 75% of propagules). The design used was
completely randomized, in a 3 x 2 factorial scheme (3 areas and 2
periods) with 4 replicates (n = 24). To compare averages, an
analysis of variance was performed in association with a Scott-
Knott test with p < 0.05 using the programming language medium R
(R, 2009). After Shapiro Wilk’s and Levene’s tests, it was found that

the data were normally distributed (p > 0.05) and with
homogeneous variances (p > 0.05), respectively, thus enabling us
to submit them to variance analysis with p < 0.05.

RESULTS

The first propagules emerged in the first week during the
rainy season and ended during the fifth week, whereas in
the dry season, seedling emergence began in the third
week and ended during the tenth week. In total, 585
individuals emerged in the rainy period, and 777 in the
dry period. Seven botanical families were identified
during the rainy period, comprising 34 species (Table 1).
Among these, 5 were identified only at the genus level,
and 14 were classified as morphospecies. Among the
identified families, Asteraceae showed the greatest
species richness in this period, (7 species, 20.59%),
followed by Poaceae (6 species, 17.65%), and Rubiaceae
and Melastomataceae, both with 2 species (5.88%). In
the dry period, 50 species from 14 botanical families were
identified. Among the species, 10 were identified only at
the genus level and 11 as morphospecies. Among the
families identified, Poaceae showed the highest richness
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Table 1. Plant species germinated in samples collected from topsoil in altitude fields vegetation on the plateau of Pogos de Caldas, Minas

Gerais.
Plant species Botanical family  Period Eucalyp_tus Field strict Fores_t
plantation sense vegetation

Achyrocline alata (Kunth) DC. Asteraceae S/C +/+ +/+ +/+
Achyrocline satureioides (Lam.) DC. Asteraceae S/C +/+ ++ ++
Ageratum fastigiatum (Gardner) R.M.King & H.Rob. Asteraceae S/C +/+ +/+ +/+
Alternanthera sp. Amaranthaceae S - - +
Andropogon bicornis L. Poaceae S/C -/- +/- -/+
Andropogon sp. Poaceae S/C -1+ +- ++
Baccharis dracunculifolia DC. Asteraceae S + + +
Bacharis sp. Asteraceae S - + -
Borreria capitata (Ruiz & Pav.) DC. Rubiaceae S/C ++ ++ ++
Borreria latifolia (Aubl.) K.Schum. Rubiaceae S/C +/+ +/+ +/+
Borreria verticillata (L.) G.Mey. Rubiaceae S - + -
Bulbostylis capillaris (L.) Kunth ex C.B. Clarke Cyperaceae S/C ++ -/- -1+
Cenchrus echinatus L. Poaceae S - + -
Chamaecrista flexuosa (L.) Greene Leguminosae S/C -/- -/- ++
Conyza bonariensis (L.) Cronquist Asteraceae SI/C -+ -/- +/+
Cyperus aggregatus (Willd.) Endl. Cyperaceae S + - -
Digitaria corynotricha (Hack.) Henrard Poaceae S - + +
Echinolaena inflexa (Poir.) Chase Poaceae S/C ++ ++ ++
Eragrostis rufescens Schult. Poaceae S - - +
Galinsoga sp. Asteraceae C - - +
Gamochaeta americana (Mill.) Wedd. Asteraceae SI/C +/+ +/+ +/+
Gamochaeta coarctata (Willd.) Kerguélen Asteraceae C + + +
Gymnopogon spicatus (Spreng.) Kuntze Poaceae S + -
Hyptis sp. Lamiaceae S - - +
Lantana sp. Verbenaceae S - + -
Leandra sp. Melastomataceae S/IC ++ +/- +/+
Lippia sp. Verbenaceae S - - +
Melinis minutiflora P.Beauv. Poaceae S/C +/- +/+ +/+
Miconia cinnamomifolia (DC.) Naudin Melastomataceae S + + -
Panicum campestre Nees ex Trin. Poaceae S + - +
Paspalum pilosum Lam. Poaceae S + + +
Paspalum polyphyllum Nees ex Trin. Poaceae S + - +
Paspalum sp. Poaceae C + + +
Phyllanthus niruri L. Phyllanthaceae S/IC -+ -1+ ++
Rhynchospora sp. Cyperaceae S - + -
Schizachyrium tenerum Nees Poaceae S/IC ++ ++ ++
Scoparia dulcis L. Plantaginaceae S - + +
Setaria parviflora (Poir.) M.Kerguelen Poaceae S + - -
Solanum palinacanthum Dunal Solanaceae S + - -
sp. 1 - S + + -
sp. 2 - S - + +
sp. 3 - S + +
sp. 4 - S + - -
sp. 5 Euphorbiaceae S - + -
sp. 6 - S - + -
sp. 7 - S + - -
sp. 8 Fabaceae S - + -
sp. 9 - S + - -



http://www.theplantlist.org/tpl/record/gcc-116868
http://www.theplantlist.org/tpl/record/gcc-13716
http://www.theplantlist.org/tpl/record/gcc-88664
http://www.theplantlist.org/tpl/record/kew-23088
http://www.theplantlist.org/tpl/record/kew-23442
http://www.theplantlist.org/tpl/record/kew-235548
http://www.theplantlist.org/tpl/record/kew-413150
http://www.theplantlist.org/tpl/record/gcc-86444
http://www.theplantlist.org/tpl/record/kew-418185
http://www.theplantlist.org/tpl/record/kew-423930
http://www.theplantlist.org/tpl/record/kew-427577
http://www.theplantlist.org/tpl/record/kew-432072
http://www.theplantlist.org/tpl/record/kew-432127
http://www.theplantlist.org/tpl/record/kew-154454
http://www.theplantlist.org/tpl/record/kew-441438
http://www.theplantlist.org/tpl/record/kew-2585469
http://www.theplantlist.org/tpl/record/kew-442600
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Table 1. Cont'd

sp. 10 -

sp. 11 -

sp. 12 -

sp. 13 -

sp. 14 -

sp. 15 -

sp. 16 -

sp. 17 -

sp. 18 -

sp. 19 -

sp. 20 -

sp. 21 -

sp. 22 -

sp. 23 -

sp. 24 -

sp. 25 -

Trembleya sp. 1 Melastomataceae
Trembleya sp. 2 Melastomataceae
Zornia reticulata Sm. Fabaceae

S - - +
S - + -
(o - + +
C - + -
C - - +
C - + -
C + - -
C + - -
C + - -
C - + -
C + -
C - - +
C - - +
C - - +
C - - +
C + - -
S/IC +/+ +/+ +/+
S - + -
S - + +

* S/C: occurrence of the species in the dry and rainy season; S: occurrence of the species in the dry season; C: occurrence of the
species in the rainy season; +: confirms the occurrence of the species in a given collection site; -: absence of species in a given collection

site.

(13 species, 26.00%),followed by Asteraceae (7 species,
14.00%) and Melastomataceae with 4 species (8.00%).
These plant families predominate in altitude fields,
suggesting great ecological importance in studies of
restoration areas under the influence of bauxite mining.
There was a predominance of plant species classified as
herbaceous. The abundance of individuals in dry season,
there was a predominance of the family Asteraceae,
primarily related to the abundance of Ageratum
fastigiatum (163 individuals), which stands out for its
representation of the herbaceous habit in grassland
vegetation types. Other species of large occurrence in
this period were: Achyrocline satureioides (121
individuals), followed by Echinolaena inflexa (90
individuals) Achyrocline alata (87 individuals), Borreria
latifolia (43 individuals) and Melinis minutiflora (22
individuals). In rainy season prevailed also Asteraceae
family. Again the patterns abundance of A. fastigiatum
(225 individuals) in rainy season were higher. Other
species of large occurrence in rainy season were:
Gamochaeta americana (71 individuals), followed by
Borreria latifolia (75 individuals), Paspalum sp. (38
individuals), Phyllanthus niruri (37 individuals) and
Echinolaena inflexa (31 individuals). We highlighted the
occurrence of two endemic species from Brazil: Panicum
campestre and Miconia cinnamomifolia, suggesting
greater concern for conservation of open fields. The total
species richness was 77 species. Regarding species
richness that occurred in each area investigated there

was a higher occurrence of species in propagules bank of
samples collected in the field strictu sensu and forest
environment (40 species), followed by eucalyptus
plantation (34 species) and 17 species shared in the
three areas covered in this study, equivalent to 23.37% of
total species richness (Table 1). Some species occurred
mainly in a period or specific collection site. Among these
species there are A. fastigiatum, A. satureoides, B.
latifolia, E. inflexa and Melinis minutiflora as the most
frequent occurrence, the latter being an exotic species of
high fields from the Atlantic forest.

We found a significant difference only for the period
(dry and wet) (p < 0.01), which suggests a low
contribution of the surrounding areas (field area near the
eucalyptus plantation and field area close to the native
forest) (p > 0.05) for the restoration of the studied field
area. Considering the periods, it was found that dry
period showed higher plant species richness when
compared to the rainy season (Figure 2). There were
distinct differences in the time of emergence between the
dry and rainy seasons; propagule emergence ended
sooner in the rainy season (Figure 3). In the rainy
season, the propagules germinated more quickly, which
would cause significant losses if topsoil stocking was
carried out during this period. On the other hand, a longer
period of propagule emergence was observed in the dry
period, in addition to a higher number and richness of
species, suggesting a greater viability of propagules, and,
possibly, better environmental recovery after mining
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Figure 2. Species richness collected in different periods (dry and rainy) in altitude fields
vegetation on the plateau of Pocos de Caldas, Minas Gerais.
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collection periods. R2 = 0.9.

activities. As expected, the sooner the initial emergence,
the shorter the time to reach 50% of the total emergence
(t50) was. In this work, the greater propagule emergence
speed was during the rainy period. Both t50 and u7525
were lower for this period (Figure 4), indicating that less
time was needed for the stabilization of the cumulative
emergence curve (p < 0.05). The variable t(50), was not

significantly different between the center of the field area
and the area close to the native forest. However, both
were significantly different from the area close to the
eucalyptus stand (p < 0.01) (Figure 4). In addition, there
was a shorter interval of time between the emergence of
25 and 75% of propagules for the samples collected in
the area close to the eucalyptus stand than for the other
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areas; however, there was no statistical difference in the
u7525 variable among the areas analyzed during the dry
and rainy seasons with p > 0.05 (Figure 4).

DISCUSSION

The emergence performance of propagules in an
environment can be characterized through 3 parameters:
the time of first emergence and the speed and duration of
emergence (El-Kassaby et al, 2008). The early
emergence of propagules from the plateau topsoil during
the rainy season is related to the higher likelihood of
appropriate conditions for germination due to higher
humidity. This reflects synchrony between the
reproductive strategy, which is concomitant with the
dispersion of diaspores at the end of the dry season and
emergence right at the beginning of the rainy season
(Munhoz and Felfili, 2006). The composition of plant
species is also important and should be considered in
restoration studies on degraded areas, since restoration
success is directly related to the favorableness of a
period for a higher diversity of species, along with
information of the impact on the soil and fauna (Almeida
and Sanchez, 2005). In the case of the field environment
under study, we identified more plant families and
species during the dry season. In addition, the use of
topsoil stock in this season allowed for greater time for
the beginning of emergence of propagules, avoiding
important losses of plant species and total individuals
after restoration of the area. Studies on the speed and
uniformity of emergence are useful not only to estimate

the conversion of propagules into seedlings (Joosen et
al., 2010), but also to direct management practices for
minimizing the impact of mining and conserving the
diversity of plant species (Kolotelo et al., 2001; Sheoran
et al.,, 2010). From this perspective, the stocking of
topsoil for restoring mining areas should be performed
during periods of lower physiological activity of the seeds
and greater longevity of propagule emergence. The
viability of propagules in the long-term has been related
to environmental parameters, such as humidity and
temperature (Fenner and Thompson, 2005). The early
emergence of seedlings during the rainy season in this
study indicated a shorter propagule viability time when
stocked in the form of static piles, increasing the
possibility of losing propagation material (Golos and
Dixon, 2014), since, in tropical regions, where up to 90%
of rain is concentrated in the 3-month rainy period,
storing at the soil level becomes a problematic activity
(Sheoran et al., 2010). Seedling emergence and
establishment are regulated by diverse factors, including
abiotic conditions like humidity and temperature that
influence the propagation of species (Eliud et al., 2009;
Lebrija-Trejos et al., 2011). The first manifestations of
emergence are characterized by the swelling of the
propagules and the emergence of the radicle and
cotyledon (Rosa et al., 2005). Overall, more propagules
from recalcitrant species, which do not show strategies
for early emergence, occur in dispersed areas during the
rainy period, since their seeds do not dry at the end of
maturation but are dispersed during elevated humidity,
remaining metabolically active and germinating
immediately after dispersion (Hong and Ellis, 1996;



Carvalho et al., 2006). Recalcitrant species are more
sensitive to drying, and their propagules cannot be stored
for long periods (Barbedo and Bilia, 1998; Carvalho et al.,
2006), indicating that some of the propagules from the
Pocgos de Caldas Plateaus that emerged during the rainy
season share this reproductive strategy. Some species of
botany family Asteraceae, Poaceae, Rubiaceae and
Melastomataceae are classified as recalcitrant
(Farnsworth, 2000), and scatter seeds with high humidity
can begin the process of germination quickly (Nery et al.,
2014).

During the dry period, more propagules of orthodox
species occur (Chazdon et al., 2003), which indicates
greater tolerance to dryness when stored (Hong and Ellis,
1996; Barbedo and Bilia, 1998) in the topsoil, which
makes them more efficient to use for restoration. On the
other hand, seeds from recalcitrant species easily lose
viability when subjected to unfavorable circumstances
(Nazario et al., 2008), thus storing the upper level of soil
for long periods may reduce the number of species
restored (Barbedo and Bilia, 1998; Sheoran et al., 2010).
According to what was observed in the present work, the
rainy season is not the best period for stocking topsoil,
based on the speed (t50) and uniformity of emergence
(u7525) of the propagules (p < 0.05) (Figure 4). On the
other hand, propagules emerged more persistently in the
dry period, that is, for a longer period. Seed longevity
increases in colder and less rainy conditions, whereas
the loss of viability is increased under hot and humid
conditions (Pakeman et al., 2012). In addition, excessive
humidity accelerates seed germination and induces
overcoming dormancy (Golos and Dixon, 2014). When
mining work is planned for the rainy season, it is
recommended that material removed from the station be
quickly used to restore another area, reducing the
possibility of propagule loss. Propagule dispersion and
germination are important for the establishment and
maintenance of plant species, and are important in
natural regeneration (Harper, 1977; Deminicis et al.,
2009), with the success of the recomposition being
related to the type and quantity of seeds produced, size
of seeds, maturation period, and environmental
conditions (Lebrija-Trejos et al., 2011; Marini et al.,
2012). In this study, faster propagule emergence and
fewer individuals were observed in the rainy season,
which suggest that topsoil stocking should be performed
in the dry season to extend the stocking time and,
possibly, promote the efficiency of the restoration of
mined areas.

The time of emergence of the samples collected in the
site near the eucalyptus area was different from the
others, reaching its maximum accumulated germination
more quickly, possibly because these samples feature
the best conditions of humidity for germination. This
suggests that areas of the same region with a different
land-use history have different propagule emergence
dynamics, which should be considered when planning
restoration activities in degraded areas. However,
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richness and dispersion strategies, relief conditions,
distance area after forests fragments, surrounding
cultures and content moisture of propagules should be
considered for activities recovery of high field in the
Atlantic forest. The simulation of the propagule
emergence time curve under controlled conditions may
contribute to understanding the biological responses in
the process of plant recolonization (lkeda et al., 2008),
and thus improve the practicality of techniques used in
the restoration of mining areas, taking advantage of the
best time for the beginning of the restoration process in
the local community after the stocking period and topsoil
return. After bauxite mining activities in the plateaus in
Pogos de Caldas, we did not observe significant
variations in the main physical characteristics of the soil
after returning the upper level of the soil (Barros et al.,
2013). This indicates that the stocking period and topsoil
return are of great importance and should be taken into
account to avoid irreversible modifications in the soll
structure that could affect plant establishment. An
efficient model of restoration for a degraded system
should consider the space (limits of the system), the
subsystems (its components), and the time interval to be
considered (Aumond and Magcaneiro, 2014).Thus, the
planning of restoration activities is fundamental and must
include considerations of the favorable periods for the
establishment of plant species, especially in regard to the
stocking time and the quantity of topsoil to be returned to
the upper level during the post-mining restoration process
(Saloméao et al., 2014). The restoration activities of
degraded environments need a systemic, multidisciplinary
approach, supported by an ecological model that involves
more information on the abiotic and biotic components of
the altered ecosystem (Aumond and Macaneiro, 2014).

Conclusion

Based on the conditions used in this work, it is possible to
state that the dry season is better for restoration activities
in plateau areas affected by bauxite mining, since the
speed and time of emergence, as well as the richness of
plant species were greater in this period, indicating a
longer propagule viability time. From this work, we
suggest that special attention should be given to the
areas surrounding the plateau fields, as well as the plant
community history, as part of considering the local
characteristics, and, consequently increasing the
possibility of success during restoration on mining areas.
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