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Abstract
The objective of this study was to assess the potential and the alterations of the soil seed bank as a mechanism for 
the regeneration of tree species in disturbed forest fragments after Eucalyptus grandis harvest. Soil samples were 
collected in two periods, during the winter and summer, in areas with different ages after E. grandis harvest. In each 
environment, 20 samples of soil were collected, with 60 samples per period (winter and summer), this samples were 
distributed in trays and arranged in open air for germination analysis. A total of 2,002 individuals were identified, 
belonging to 36 species and 17 families. The highest densities occurred during the summer, which also showed 
higher similarity between the environments. More species and diversity in relation to the ages of regeneration was 
observed during this period. Therefore, this study represents a contribution for further experiments in the field of 
conservation and restoration.
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1. INTRODUCTION AND OBJECTIVES

The formation of fragmented landscapes and the reduction 
of biodiversity in forests are the main consequences of 
deforestation, generated mainly by agriculture and pasture 
introduction (Laurance et al., 2011; Sandor & Chazdon, 2014; 
Santo-Silva et al., 2013). The result of this fragmented landscape, 
the increase in the isolation of the area, and the decrease in the 
average forest size might change the future patterns of plants 
distribution, as well as species richness and its persistence in 
the remaining fragments of forests (Plue & Cousins, 2013).

Therefore, it is essential to understand the role of soil seed 
banks for regeneration, not only to assess the vulnerability 
of forests but also to support strategies for the conservation 
and maintenance of biodiversity (Madawala et al., 2016; 
Williams-Linera et al., 2016). The soil seed bank is an essential 
mechanism for natural regeneration and vegetation recovery, 
especially in the tropical forest ecosystem, thus, indicating 
the state of conservation and the potential for ecosystem 
restoration (Kinugasa & Oda, 2014; Martins & Engel, 2007; 
Martins et al., 2008).

The soil seed bank is characterized by the composition 
of viable seeds in the soil or associated with leaf litter, in a 
specific area and time (Schorn et al., 2013), and it is an effective 
mechanism to establish plant communities (Plue & Cousins, 
2013). Furthermore, the soil seed bank is considered to be 
the main resource of species recruitment as well as a dynamic 
system, with inputs of seed rain and dispersion (Reis et al., 
2003; Schorn et al., 2013). 

Most of the studies about soil seed banks have been well 
described and are mostly about the potential for restoration 
use and composition (Kinugasa & Oda, 2014; Madawala et 
al., 2016; Martins & Engel, 2007; Plue & Cousins, 2013; Tres 
et al., 2007), but there have been only few studies about the 
alterations after harvest of some economically important 
species (Ikeda et al., 2008; Santos et al., 2010). We studied three 
areas with different abandoned ages after Eucalyptus harvest 
in Brusque, Santa Catarina, Brazil to enhance the knowledge 
about the alterations in the soil seed bank, their compositions 
and differences that could be found in these areas. 

As a result, we hope that the composition of the soil 
seed bank follows the changes in the vegetal community 
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in the same area, and it seems that the observation of 
the floristic structure in the soil seed bank can reveal 
the most usual species and botanic families (Ikeda et al., 
2008). Therefore, the objective of this study was to assess 
the potential of the soil seed bank as a mechanism for the 
regeneration of tree species and the alterations of the seed 
bank in disturbed forest fragments at different ages and 
in different periods (winter and summer) after Eucalyptus 
grandis Hill ex Maiden harvest.

2. MATERIALS AND METHODS

2.1. Study site

This study was carried out in the municipality of 
Brusque, Santa Catarina, Brazil (Figure 1), in a former area 
of agriculture and surrounded by watercourses and forests 
remnants. This area belongs to a company that cultivated 
Eucalyptus grandis for energy production. The place was 
left as a nature reserve to follow the law. The property is 
inserted in the watershed of the Itajaí River, within the sub-
basin of the Itajaí Mirim River, in an approximate altitude 
of 206 meters, and geographic coordinate system 27° 2’ 7” S 
and 48° 54’ 40” O.

According to the Köppen classification, the climate 
of this region is Cfa — humid subtropical climate with 
warm summers and without dry season. The annual mean 
temperature fluctuates between 18 °C and 20 °C, the annual 
mean precipitation ranges between 1,700 mm and 1,900 mm, 
and it is well distributed during the year with relative humidity 
between 84% and 86% (Alvares et al., 2014).

In the region of Brusque, the geology is formed by the 
metamorphic complex of Brusque, which is composed 
especially by the Botuverá formation, composed of Granodiorito 
Valsungana and Granito Guabiruba. The most usual soil in the 
area is Ultisol (US Soil Taxonomy) or Argissolo Vermelho-
Amarelo (Brazilian Soil Classification System) (Embrapa, 
2006). The vegetation of the study site is inserted in a tropical 
rain forest phytoecological region (IBGE, 2012).

2.2. Seed bank analysis

The soil samples were collected in two periods, August 
2013 (winter) and February 2014 (summer), in three areas 
near the watercourse within different regeneration ages: 
Environment I (AI) with five and a half years of regeneration; 
Environment II (AII) with seven years of regeneration and 
Environment III (AIII) with nine years of regeneration.
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Figure 1. Location of the municipality of Brusque, Santa Catarina, Brazil, and the study site — Environment I (AI) with five and a half 
years of regeneration; Environment II (AII) with seven years of regeneration and Environment III (AIII) with nine years of regeneration.
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In each environment, 20 samples of soil (0.5 m × 0.5 m) were 
collected, with 60 samples per period (winter and summer). 
The samples were randomly distributed. The superficial leaf 
litter was discarded, and the soil was collected in a depth of 
10 cm, it was used a shovel. 

The soil was stored in plastic bags, tagged and transported 
to the tree nursery at the Universidade Regional de Blumenau 
(FURB). A total of 60 plastic trays (60 cm × 40 cm × 10 cm) 
were used per period in the experiment. Each plastic tray was 
filled with vermiculite layers, both above and underneath the 
soil layer. The plastic trays were organized in seedbeds in an 
open field. As control measure, we organized three plastic 
trays with substrate only. 

Each plastic tray was drilled to avoid excess of water as well 
as to avoid hydric stress in the plants, and the irrigation was 
conducted according to climatic conditions. The assessment of 
germination capacity was conducted monthly for 6 months in each 
period. The species that had not been identified were replanted in 
polyethylene bags with substrate, whereas the identified species 
were quantified and removed from the plastic trays.

2.3. Data analysis

The species were classified according to their ecologic group 
— pioneer and non-pioneer species — and also according to their 
life form — arboreal, herbaceous, shrubby and pteridophyte. The 
individuals were identified according to the literature, compared 
with other plants and by specialists’ opinion in vegetal taxonomy. 

The mean density of emerged seedlings was compared using 
Wilcoxon non-parametric test to determine differences between 
treatments. The diversity of species in the seed bank was estimated 
for each area using Shannon’s diversity index and Pielou’s evenness 
index. The similarity of floristic composition was estimated 
among the environments using Sorensen’s index. All analyses 
of this study were performed in the statistical program PAST 
(Paleontological Statistics) version 2.17c (Hammer et al., 2001).

3. RESULTS

3.1. Seed bank composition

A total of 2,002 individuals (8.808 ind m-2) were collected 
both in the summer and winter, within 36 species, 21 genres, 
and 17 botanic families. Two individuals were identified as 
the same botanic family, ten individuals were identified in 
the same genre level and two individuals were not identified. 
The botanic families with the highest number of species were 
Malvaceae (six), Asteraceae (five), and Solanaceae (four). 
These three botanic families represented a total of 24.7% 
from all the identified species. 

The soil seed bank collected in the winter had 351 individuals 
(1,404 ind m-2), within 15 species and 8 botanic families. The 
most representative families were Malvaceae and Poaceae with 
three species each. However, in the summer, the density of 
individuals was higher with 1,651 individuals (6,604 ind m-2), 
within 31 species and 16 botanic families. The most representative 
families in the summer were Asteraceae with four species, and 
Malvaceae e Poaceae with three species each. 

Ten species that belong to five botanic families in AI 
were identified in the winter. The most expressive families 
were Rubiaceae (32.5%), Poaceae (26.5%), and Malvaceae 
(15.7%). The most representative species were Brachiaria 
sp.2, Sida rhombifolia (L.), and Mitracarpus hirtus (L.) DC. 
Whereas in AII (winter), 11 species and six botanic families 
were identified. In this environment, the most representative 
families were Malvaceae (40.8%), Rubiaceae (24.3%), and 
Fabaceae (23.7%). In the same environment, the species that 
presented the highest density were Mimosa bimucronata 
(DC.) Kuntze., Sida rhombifolia (L.), and Mitracarpus hirtus 
(L.) DC. These species represented 80% of the density in 
this period and environment. In AIII (winter), 13 species 
and 8 botanic families were identified, from which the 
most expressive families are Poaceae, Malvaceae (26.3%) 
and Fabaceae (18.2%), and the species that had the highest 
density were Brachiaria sp, Sida rhombifolia (L.), and 
Mimosa bimucronata (DC.).

During summer, the same process occurred. In AI, 24 species 
and 15 botanic families were identified. In this area the most 
expressive species were Sida planicaulis Cav., Brachiaria sp.2, and 
Conyza sp; whereas the most representative botanic families in 
density were Malvaceae (32.3%), and Poaceae (26.1%). In AII 
25 species and 16 botanic families were identified, from which 
the most representative were Malvaceae (22.2%), Phytolaccaceae 
(11.7%), and Cyperaceae (10.7%). In this environment, 
Phytolacca americana L., Cyperus ferax Rix., and Sida sp.2 had 
the highest density. In AIII, 27 species and 15 botanic families 
were identified. The most representative families and species 
were Cyperaceae (18.3%), Malvaceae (15%), Cyperus ferax Rix., 
Sida rhombifolia (L.), and Ipomea sp, respectively. 

3.2. Life form and ecological group

Regarding life form and ecological group, we identified 
that the highest occurrence was related to species belonging to 
pioneers (80.5%) and herbaceous (55.6%). The arboreal (8.3%) 
life form was the least representative in the environments, being 
represented by Mimosa bimucronata, Tibouchina urvilleana 
(DC.) Cogn. and Piper aduncum L. This fact may occur due 
to external influence in the areas, such as anthropic or even 
the regeneration stage. 
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In general, the three environments presented a pattern 
of herbaceous species. In AIII, the herbaceous species were 
represented by 53.3% of species, whereas in AII, shrubby 
species were represented by 37% of species, and the arboreal 
species had similar patterns in the three environments. 

3.3. Alterations and similarity in soil seed bank

The total number of individuals that germinated were 
distinct between the periods (winter and summer) of collection 
and between the three environments. This difference among 
environments decreased over time with the increase of the 
regeneration ages, as shown in Table 1. 

In the summer, the environment with five years of 
regeneration presented the highest density, with 2,888 ind m-2, 
and the environment with nine years of regeneration had 
the lowest density, with 1,356  ind m-2. In the first period 
(winter), the environment with five years presented the 
lowest density, with 332 ind m-2, and the environment with 
seven years presented the highest density with 676 ind m-2.

Table 1 provides an overview of the differences between 
the three environments in distinct seasons. AI and AIII 
(winter) did not show significant differences; in this case, the 
populations in these two environments were similar. AII and 
AIII (summer) did not present significant difference, but the 
data of these different regeneration ages were significantly 
different from AI. The results obtained in the two survey — 
winter and summer — occasions showed significant differences, 

especially in number of species, families, and density. These 
results evidence the need to contemplate different seasons in 
seed bank studies to obtain more accurate results.

Shannon index and Pileou’s evenness index values 
increased from AI to AIII in the two periods (Table 1). The 
gradients of diversity and equability formed between the 
three environments show the progression of the successional 
process in the areas with increasing regeneration ages, where 
species ingress and the more homogeneous distribution of 
density among species becomes evident. In general, the species 
were well represented in terms of individuals in the assessed 
environments in both periods. In the first period (winter), a 
greater similarity between the environments in relation to 
the summer assessments was observed. In the second period 
(summer) the AI showed a small decrease in relation to the 
other environments, indicating the predominance of some 
species in the formation of the seed bank at that period of year.

The qualitative analysis of the floristic composition — which 
was calculated based on the Sorensen diversity index — showed 
that the areas characterized by different abandonment ages 
had a strong similarity, as shown in Table 2. Although the 
differences in similarity were small between environments in 
both periods, the greatest similarity was determined between 
AI and AII, suggesting that these environments have less 
differentiated environmental conditions in relation to the 
period after Eucalyptus harvest, such as the levels of internal 
luminosity and humidity, enabling higher rate of seeds and 
species entry, unlike AIII.

Table 1. Total number of species, families, density of individuals per square meter, Shannon diversity index, and Pielou’s evenness index 
in soil seed bank of natural regeneration areas after Eucalyptus grandis harvest, in Brusque, SC, Brazil. 

Parameters
Winter Summer

AI AII AIII AI AII AIII

Number of species 10 11 13 24 25 27

Botanic families 5 6 8 15 16 15

Density (ind m-²) 332 a* 676 b 396 a 2,888 a 2,360 b 1,356 b

Shannon index (H’) 1.93 1.94 2.12 2.22 2.84 2.89

Pielou’s index(J) 0.84 0.83 0.82 0.7 0.88 0.87
AI: environment with five and a half years of regeneration; AII: environment with seven years of regeneration; AIII: environment with nine years of regeneration. 
* Values followed by the same letter do not differ from each other by the Wilcoxon non-parametric test.

Table 2. Similarity between the qualitative floristic composition of the areas on natural regeneration process after Eucalyptus grandis 
harvest in Brusque, Santa Catarina, Brazil.

Parameters
Winter (%) Summer (%)

I-II I-III II-III I-II I-III II-III

Sorensen similarity 76 61 75 86 86 85
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Furthermore, AI and AII showed the highest similarity 
(86%) indicating that these environments present greater floristic 
similarity, which is confirmed during the summer, possibly 
indicating a greater entry of species. AI and AIII presented the 
lowest similarity (61%) in the winter period, indicating that in 
the summer, seed dispersion was more abundant and diverse 
compared with the winter. The AI environment showed a younger 
and more open vegetation in the winter, with the occurrence of 
predominately pioneer species whose seeds are more persistent 
in the soil; on the other hand, in the AIII environment, a smaller 
contingent of pioneer species was observed. Due to the presence 
of temporary seeds, in the winter the similarity between the AI 
and AIII environments tend to decrease.

4. DISCUSSION 

4.1. Seed bank composition

Apparently, the same families that were identified in this 
study were the most representative, such as the case of Franco 
et al. (2012) who characterized the seed bank of a section of 
Secondary Semi-deciduous Seasonal Forest in Minas Gerais, 
and in the case of Schorn et al. (2013), who conducted their 
studies in Santa Catarina, Brazil, and pointed out that the 
Asteraceae family presented the largest number of species.

In the assessment of the soil seed bank composition, 
between the winter and summer collections, differences 
were observed considering the three species with the greatest 
density in each environment. However, some species presented 
elevated density in both periods, such as Brachiaria sp. in AI, 
and Sida rhombifolia, in AIII.

4.2. Life form and ecological group

Some authors consider that the greatest presence of pioneer 
individuals occurs for their intense reproductive capacity. This 
feature may be related to the fact that their seeds — which 
often present more resistant integument and consequently less 
water loss — have a greater viability in the soil (Melo, 2004). 
The same occurs with herb species that can withstand adverse 
climatic conditions, such as tolerate high and low temperatures, 
humidity, and dry environments, presenting greater capacity 
to produce seeds (Christoffoleti & Caetano, 1998).

Soil seed bank studies performed by other authors have 
indicated the predominant presence of herbaceous species — 
which are greatly represented by pioneer species — followed 
by shrubs and arboreal species (Lopes et al., 2006).

The short life cycle of the herbaceous species may be 
related to the high proportion of occurrence of this group 
(Souza et al., 2006). The same phenomenon had already 

occurred in experiments conducted in tropical regions with 
high proportions of herbaceous species detected, ranging 
from 25% to 90% (Garwood, 1989).

4.3. Alterations and similarity in the soil  
seed bank

Relative similarity can be observed in species and families 
between AI, AII and AIII environments; however, the small 
increase in the values between AI and AIII are possibly justified 
by the longer regeneration period after Eucalyptus harvest. 
Considering the species with higher densities in the soil seed bank, 
the predominance of herbaceous plants in AI was observed, as 
well as the inclusion of the Mimosa bimucronata tree in this group.

The differences in germinated seed density per m² 
between the three environments may be related to the period 
of year in which the samples were collected, since one of 
the relevant and related aspects refers to the seasonality 
of the seed bank (Costalonga et al., 2006), due to climatic 
seasonality in the study region.

In this case, the proportion of few species with great seed 
production can be evidenced, corroborating the studies of 
Araújo et al. (2001), who verified seed bank density in forests 
with different succession stages (6, 17, and 30 years old) and 
observed low diversity of species (H’ = 2.23, 1.90 and 1.12) 
and equability with 0.52, 0.46 and 0.27.

The relevance of the results of our study is mainly related to 
the awareness of the region richness and its floristic composition 
(Baider et al., 1999). These results can also indicate the region 
potential for the recovery of degraded areas. The species found in 
the soil seed bank, in the present study, evidence the regeneration 
potential and the dynamics of the successional process in previously 
occupied areas with Eucalyptus reforestation. These species are 
directly related to the conditions in which each environment is 
found, and when established, these species contribute to the entry 
of others ones that will constitute the forest in more advanced 
stages of succession (Martins et al., 2015).

This result may indicate factors related to the permanence 
and appearance of plant clusters, besides the influence of 
variables such as soil and climate (Martins et al., 2015). When 
the index is higher than 50%, it can be inferred that a high 
similarity among the communities in relation to the species 
found are verified (Felfili & Venturoli, 2000).

5. CONCLUSION 

Density and species richness vary according to the period 
of the year in which the collection and analysis of the seed 
bank in the soil occurs, following the conditions in which 
the study was conducted.
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The richness and density of the species increases in the 
soil seed bank according to the period of abandonment of 
the areas after the Eucalyptus harvest.

The floristic similarity between the environments was 
high, especially during summer, possibly indicating a greater 
entry of species.

Considering that the study was developed at a local 
scale, other studies should be conducted to assess more 
characteristics and they should occur in different seasons 
of the year. Therefore, this study represents a contribution 
in the field of conservation and restoration.
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