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Abstract: One of the planet’s richest areas in biodiversity can be found in Brazilian territory: the Atlantic Forest, which is also
an example of the most severe devastation cases. Spread in an area larger than 30.000 km and 30° degrees latitude, it is
categorized as tropical rainforest. Due to the planting of monocultures such as sugarcane and coffee as well as the urban
development, there are only 7.5% left of its original area which comprises 2% of all vegetation species and vertebrate animals in
the planet. The region is also among the five most important hotspots of biodiversity which justifies the understanding of all
natural regeneration processes through the knowledge provided by a soil seed bank. This work describes the contents of the bank
by the identification of seedlings through the seasons of the year, thus contributing with information on the natural recovery of

this biome.
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1. Introduction

Brazil stands out as one of the countries with the largest
biodiversity in the world, having around 357 million acres of
tropical forests, 30% of all in the planet and more than double
the number in the second ranked country, Indonesia [1].
Tropical forests have a great importance in the preservation of
biodiversity as well as in the acquisition of assets and services
provided directly or indirectly by these ecosystems. Just as an
example is the preservation of the quality of life of humankind
globally. Despite their relevance, the future of tropical forests
remains uncertain [2].

In Brazil one of the planet’s richest areas in biodiversity
can be found, and mentioned as well as one of the most
devastated: the Atlantic Forest. This biome covers over
3.000 km and 30° latitude, presenting the largest latitudinal
reach among the great ecological regions in Latin America. It
spreads from the Brazilian Atlantic coast to the parallel 603
[3].

This biome is categorized as a rainforest, situated
mostly between the tropics of Cancer and Capricorn,

considering that in Brazil the rainforests are found in the
Amazon Basin and in the remains of the Atlantic Forest
[4].

The devastation of the Atlantic Forest started centuries
ago and it is closely linked to the economic history of Brazil.
In every economic cycle one parcel of the forest disappeared
from its total extension. This process had its beginning in the
colonial period, with the Portuguese colonizers, through the
exploitation of all greenery; thus, in the next centuries, by the
use of the land in agriculture, mostly sugarcane and coffee,
and later on by the unplanned urban sprawling [5]. As a
result, there is only 7.5% of the original forest left and even
so it still contains 2% of all botanic and vertebrate species of
the planet [6]. However, due to its high degree of endemics,
it is among the five most important hotspots of biodiversity
[7], which makes it essential to understand the natural
processes of regeneration through the knowledge of a soil
seed bank.

All the viable seeds found in the soil are part of the seed
bank [8], which is continually enlarged by the rain of seeds.
Considering the Tropical Forests, the comprehension of seed
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germination in this bank is important to the understanding of
how the vegetation grows back again in the degraded areas by
the anthropic processes [9].

The germination of the seeds in the bank represents an
important mechanism. After germinating and developing, they
will be part of the regenerative stratum and later on be part of
the grown individuals [10]. With that in mind, germination
can be considered indicative of the resistance capability of a
degraded ecosystem or the different successional stages of the
forest [11].

Research and studies which procure the biodiversity
preservation or regeneration in degraded areas of this
ecosystem are of great importance to the preservation of
Brazilian biodiversity. As such, the seed bank can clarify
some aspects of ecophysiology of species and contribute to
subsidize the regeneration work in degraded areas [12].

This work aimed to describe the contents of the seed
bank by the identification of its seedlings, throughout the
seasons of the year in the region of Atlantic Forest inside
The Jureia- Itatins/Peruibe Ecological Station in Sdo Paulo
state.

2. Methodology
2.1. Placement and Characteristics of the Studied Area

The study took place at Juréia-Itatins Ecological Station
(EEJI) located in the south coastal area of Sdo Paulo state, in
the river valley of Ribeira de Iguape, which comprises
municipal areas of Peruibe and Iguape on the coastal side and
Miracatu and Itariri in the country side. The size of the area is
79.270 acres and it is located between the parallels 24°17’ and
24°40’ and meridians 47°00 and 47°30° W [13], (Figure 1).
The site chosen for the study inside the reserve (EEJI) was
latitude 24°21°17, 72” south and longitude 47°00°25, 42”.
That is one of the largest protected areas of Atlantic Forest and
it stands out due to its diversity of vegetation: it contains a
Dense Ombrophylous Forest in its slopes (low lands,
sub-montana and montana) and the native fluvial plants
(hygrophila vegetation), marine (restinga) and fluvial-marine
(mangrove) [14]. It also presents a potential connection with
the Serra do Mar through a well-preserved ‘continuuns’
between the coastal and mountainous ecosystems. In the
geomorphological context, Juréia is divided into three parts;
mounts and slopes, Coastal Plains and beaches [15].

Figure 1. Localization of the Ecological Station of Juréia- Itatins, SP, Brazil.

The EEJI is characterized by complex vegetation and
formed by different biomes, physiognomies and degrees of
preservation, being among the few regions with zonations still

preserved, from the beaches to the mounts. Derived from
heterogeneity of relief, climate and soil, these zonations favor
the appearance of specific vegetation forms in this region [16].
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The climate is subtropical, humid, with undefined dry
season and average rainfall of 2277, 8 mm annually. There is
a warm rainy season that goes from October to April (1714, 3
mm) and another drier one from May to September (563, 5
mm). Highest average temperature occurs in February (25,
2°C) and lowest in July (17, 8°C). Another important factor
is the local climate variation derived from a considerable
altitudinal gradient, such as the 1240 m of Morro das Trés
Pontas, surrounded by approximately 12 km of beaches in the
Atlantic Ocean [14], [17].

2.2. Seed Bank

The collection of samples of soil was made in the indicated
area in order to make it possible to compare the results in
different seasons of the year. To assess the seed bank from the
EEJI soil area samples of 20 ¢cm x 20 cm x 20 cm (length,
width, and depth) were collected with the help of a wooden
template in a total of 12 samples of 0,096 m’a month for 24
months. Randomly three sample repetitions were established
with a distancing of approximately 3 m [18], [12]. The soil
samples were accommodated in black polyethylene bags and
promptly taken to the facility for the experiment in the
greenhouse, with conditions of room temperature and light, at
the Catholic University of Santos, Sdo Paulo. The soil of each
properly identified sample was revolved and distributed in
three plastic trays, with the same dimensions and drainage,
and the presence of a layer of vermiculite. Other three trays
containing soil samples were sterilized in autoclave and
randomly disposed among the others aiming to detect the
contamination derived from the diaspores in the facility used
for the experiment. The appearance of seedlings in the trays
was observed for three months. The counting of the seedlings
was initially done every day for 14 days and then every seven
days for three months. The recognizable seedlings in the
samples were transplanted to vases and later identified.

3. Results and Discussion

During the period of the study, the seed bank from the soil
of EEJI presented approximately 77,3 seedlings emerging in
a twelve-month period. The number of seedlings was
approximately 67 seedlings/m3 of soil by sample. The seed
bank is one of the main sources of obtaining new individuals
in initial phases of succession [19]. Many a time it is
activated with the deforestation and has the capacity of
covering a whole degraded area with no need of any
intervention, so reducing the costs of recovery. In more
dramatic cases such as burns, the removal of upper layers in
the soil or the use of herbicides, the seed bank is usually
eliminated from the surface, making the natural recovery
harder and interventions, such as planting new seeds,
necessary [1].

Awareness of the factors that control the dynamics of seed
banks, such as compounds, density and the strategies of
germination in every species are fundamental to the handling
of ecosystems, succession studies and the recovery of
suffering areas. The knowledge of the biology of seeds is

essential to understand the processes of planting, succession
of vegetation and natural regeneration. In spite of being the
basic means of handling populations of plants, rare and little
is the information available on the ecology and physiology of
seeds from tropical forests [20], [21], mostly related to the
identification of seedlings in the seed bank in the seasons of
the year.

As for the analysis of the germination in the seed bank, in
the summer and spring, as shown in figure 2, there were a
greater number of seedlings. A smaller number was observed
in the winter and autumn.

During the studies, there was no growth of seedlings in the
trays that contained sterilized soil samples, which were used
for the control of contamination.

In the samplings of summer and springtime, the
appearance of seedlings happened on the 8th day of the
experiment while in the samplings of winter and autumn
there was a delay in the beginning of the development. The
seedlings appeared in the 10th day. The dynamics of the seed
bank might be affected by physical and chemical conditions
of the environment and, consequently, influence the
development of the seedlings [22]. As for the environmental
conditions, the simultaneous effect of light, temperature,
photoperiod or anoxia can be mentioned as propellers or not
of the germination and mostly the development of seedlings
[23].

Figure 2. Average number of emergent seedlings in the soil samples of the
Juréia Ecological Station in the Spring, Summer, Autumn and Winter seasons.

The percentages of botanical families in the seasons are
presented in figures 3, 4, 5 and 6.

It is noticeable in figure 3 results that the highest
percentage values in springtime, 46%, belonged to species
from the Urticaceae family and 27% from other species,
which were the ones not taxonomically identified. The
member of the Urticaceae family found was Cecropia sp.

In the summer, as figure 4 shows, 465 of species were
from Urticaceae family (Cecropia sp) followed by 36% of
members from the Melastomataceae family (Miconia sp).

In the autumn samplings, figure 5, the families that
presented prevalence in the bank were Cannabaceae (Trema
micranta) with 52%. The families with the smallest
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percentages of seedlings were Cunoniacieae with 6%.

Others NG 27
Asteraceac Il 3
Cannabaceac M 3
Comelinaceae W 2
Cunoniaceae

Melastomataceae

Botanic Families

Rubiaceac W 2

Urticaceae

0 10 20 30 40 50

m Percentage of individuals by families at Spring

Figure 3. Percentage of individuals by families found in soil samples at
Juréia- Itatins Ecological Station in the Spring.
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Figure 4. Percentage of individuals by families found in soil samples at
Juréia Ecological Station in the Summer.
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Figure 5. Percentage of individuals by families found in soil samples at
Juréia Ecological Station in the Autumn.

The winter samplings, data in figure 6, showed the smallest
number of emerging seedlings in all of the experiment, being
18% f the found individuals from the Cannabaceae family
(Cecropia sp).
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Figure 6. Percentage of individuals by families found in soil samples at
Juréia Ecological Station in the Winter.

The amount of emerging seedlings in the different seasons
of the year showed practically no significant statistical result
in the number of seedlings between summer and spring,
being spring the season with the highest number of seedlings.
Therefore, the study reveals a predominance of individuals
Cecropia sp (Urticaceae) in summer and spring and Trema
micranta (Cannabaceae) in autumn and winter.

Those are pioneer species, characteristic in secondary
formations. The presence of Cecropia sp and Trema sp in
reforestation is positive since these species are responsible for
the regeneration of the forest [24].

These results match those found in other works about the
seed bank of tropical forests [25], [26], which show a
prevalence of pioneer species in the seed bank of forest soil.

As for the morphospecies which were not identified, it is
adamant to point out the little development of the seedlings
as well as the few available identification catalogues. In an
attempt to find the correct identification of every species
found in the bank, longer observation time is required. That
difficulty was met during the identification of the Cecropia
sp, whose identification was only made possible after the
appearance of its fifth pair of leaves. The correct
identification of the seedlings through their leaves can be
more difficult because their leaves might be distinctive in
their shape, size, phyllotaxis or all of those characteristics at
the same time [27].

Figure 7 displays the percentage of species found in the
different seasons of the year. In fact, the families Urticaceae
and Cannabaceae dominate in numbers, 40% and 30%
respectively. They are species adequate for planting in open
areas and those responsible for the recovery of the forest.
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Figure 7. Percentage of individuals by families found in soil samples at
Juréia Ecological Station in the Spring, Summer, Autumn and Winter seasons.

During the study, 45 morphospecies were observed. Those
taxonomically identified are presented in table 1. Same table
shows the 6 families and species: Cannabaceae, Cunoniaceae,
Melastomataceae, Myrsinaceae Rubiaceae, Urticaceae.
Thirty-five morphospecies could not be identified in any
taxonomic level. They have been stored in the herbal
laboratory of botany in the Catholic University of Santos,
Séo Paulo for future analysis

Table 1. Identified seedlings in soil samples from Juréia- Itatins Ecological
Station.

Plant Families Plant Species

Canabaceae Trema micranta sp
Cunoniaceae Weinmannia sp
Melastomataceae Miconia sp
Myrsinaceae Mirsine sp
Rubiaceae Psychotria sp
Urticaceae Cecropia sp

The seed bank of a soil is the key element as source for
biological knowledge about the vegetation history, also being
responsible for the recovery of the forest through its
regeneration potential [23], [28]. This bank is frequently
formed by species that belong to early stages of succession
and will be responsible for the building of a new ecosystem in
case some impact or accident happens [23], [29].

The influence of the seasons of the year in the
development of seedlings makes it evident the necessity of
further studies that cover which season or seasons of the year
are more appropriate for the transposition of soil, so it allows
a higher number of emerging seedlings [30].

Amongst all the tropical ecosystems, the Atlantic Forest is
the one in the most critical state of degradation [31].

The SOS MATA ATLANTICA Foundation and the
National Institute of Spatial Research (INPE) released in
May 2017 new data for the Atlantic Forest mapping. Data
from the period 2015 to 2016. Their discoveries show the
deforestation of 29.075 acres or 290 km” in the 17 states of

the biome _ representing a raise of 57,7% in comparison to
the previous period (2014 — 2015) which was of 18.433
acres.

When the recovery of environments is intended, it is
necessary to recover the vegetation as originally as possible,
by having a good reference of the regional forest [19]. The
reconstruction of degraded ecosystems involves diverse
knowledge, mostly as functionality and dynamics of species
are concerned, both essential to the structural basis of new
communities [1].

The comprehension of seedlings from the seed bank of soil
is important to subsidize the knowledge of the dynamics in
the regeneration of species in areas of the Atlantic Forest.
During the regeneration of EEJI, after a few natural
disturbances, the seed bank is involved in the establishment
of ecological groups and the recovery of richness of the
pioneer species [32].

The knowledge of regional biodiversity is important and
necessary for the development of models of handling and
recovery that really contemplate the regeneration of the
original biodiversity of that region. Thus, the use of
biological methods in the recovery of degraded areas is the
most efficient and economical way of doing it [1], [19].

The degradation of forest remains foreshadows changes in
the characteristics of communities and the constitution of
species [33]. Occasions in which clearings appear in the
forest, caused by the fall or break of higher trees, for example,
bring about new conditions of light and temperature
favorable to the surge of shrubby-arboreal species more
demanding of light [34]. As time goes by, there is the gradual
replacement of the initial species by others, more tolerant to
shadows. Therefore, the study of unaltered areas is essential
to understand this complex behavior, with a higher emphasis
in the ecological behavior of the components in the
ecosystem [35].

The natural regeneration is part of this process and starts in
the rain of seeds (dispersion) and in the seed bank, both
mechanisms that guarantee the renovation [36].

Studies about seed banks of soil help in the comprehension
of the dynamics involved in the recovery of the species which
are part of the process. The further knowledge about the seed
bank of EEJI must contribute to determine the distribution
pattern and the abundance of pioneer species. Population
studies are necessary in this unit of preservation, so
ecophysiological aspects of the seeds, such as dispersion,
initial establishment, growth and mortality rate can be
assessed.

4. Conclusion

The results show the existence of a regenerative potential
of the forest based on the observation of emerging seedlings
in the seed bank. Seasons summer and spring presented a
larger percentage of developed species. The same was not
observed in autumn or winter. However, the presence of
pioneer species could be observed in every season: Trema sp
in autumn and winter and Cecropia sp in spring and summer.
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