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Abstract: Seed banks play an important role in the resilience of potential anthropogenic areas and are influenced
by seasonal variation. The spatial and temporal heterogeneity of the forests influences the richness and density
of the soil seed bank, but there is a hypothesis that such influence can be changed in anthropogenic areas, where
we expect to find lower richness and seed density in relation to the seed bank of mature forests. The richness
and seasonal density of seeds in the soil depth of a young caatinga forest, 17 years after an agricultural activity
was abandoned, were evaluated and compared with those of a mature forest. The study was conducted at the
Instituto Agrondmico de Pernambuco - IPA (Estacdo Experimental José Nilson de Melo), located in Caruaru,
Pernambuco, Brazil, in an area of tropical dry forest, known locally as “caatinga”. The local climate is sea-
sonal, the dry season occurring from September to February and the rainy season concentrated in the remaining
months. The average annual rainfall over time (time series of 30 years) is 692mm. In each climatic season (rainy
and dry), the seed bank was sampled in 210 20x20cm plots (105 in the leaf litter and 105 at Scm soil depth). The
richness and seed density of the soil samples were evaluated by the method of seedling emergence. The seed
bank had 47 species, with a predominance of herbaceous plants. Seasonal variation in richness and seed density
in the soil (leaf litter + soil) was not significant, but 42 species of the mature forest were absent from the seed
bank of the young forest, despite 17 years of natural regeneration and its proximity to the mature forest. On its
own, the soil has greater richness and density of seeds than the leaf litter. The depth of seed deposition in the
soil bank of the young forest significantly explained 36% of the species richness and 16% of the seed density,
with a significant interaction effect with the climatic season only on species richness, explaining 4% of the
variation recorded. The seed density of the young forest (1 277seeds/m?) was greater than that the mature forest
indicating that the time abandoned had not yet been sufficient for complete recovery of plant diversity and there
is no longer any seed limitation of pioneer species for regeneration of the young forest. Rev. Biol. Trop. 63 (2):
321-332. Epub 2015 June O1.
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The soil seed bank reflects the factors that
affect plant reproduction and survival of seeds
in time and space (Donohue, Casas, Burghardt,
Kovach, & Willis, 2010; Loépez, 2003; Pen-
nington, Lavin, & Oliveira-Filho, 2009; Pug-
naire, & Lazaro, 2000; Silva et al., 2013a), and
may be depleted in disturbed areas (Mamede,

& Araujo, 2008; Wang, Jiang, Toshio, & Zhou,
2013; Williams, Congdon, Grice, & Clarke,
2005). However, the influence of spatial and
temporal heterogeneity on the soil seed bank of
areas that have undergone the removal of vege-
tation is still poorly documented, making it dif-
ficult to assess the potential for restoration of
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anthropogenic forests, the resilience of which,
among other factors, depends on the availabil-
ity of seeds from the soil bank for recruitment
(Baeten et al., 2009; Lopes et al., 2012; Wang
et al., 2013).

In areas of tropical dry forests with no
history of disturbance and with a marked dry
season, the dispersion of the propagules is
heterogeneous over the months of the year and
may vary between years, depending on rainfall
totals and the variation in rainfall distribution
(Albuquerque et al., 2012; Amorim, Sampaio,
& Araujo, 2009; Donohue et al., 2010; Souza,
Ferraz, Albuquerque, & Aratjo, 2014). Conse-
quently, seasonal differences in richness and
density of seed in the soil bank may not occur
(Lopez, 2003) or may occur and sometimes be
higher either in the dry season (Williams et al.,
2005) or in the rainy season (Facelli, Chesson,
& Barnes, 2005; Santos et al., 2010), being evi-
dence that precipitation explains 5% of the den-
sity of the soil seed bank (Santos et al., 2013a).

Moreover, the spatial heterogeneity (ver-
tical and horizontal) of mature forests also
induces differences in the characteristics of the
soil seed bank (Pugnaire, & Lazaro, 2000). In
some dry forests, the thin layer of leaf litter
houses a small amount of seeds when com-
pared to the layers of soil (Costa, & Araujo,
2003; Santos et al., 2010), as the quantity of
seeds decreases with increasing soil depth
(Williams et al., 2005). The distinct microhabi-
tats of forests are also of relevance for harbor-
ing different amount of seeds, explaining 31%
of the density of the soil seed bank (Santos et
al., 2013a).

Undoubtedly, the spatial and temporal het-
erogeneity of the forests influences the richness
and density of the soil seed bank, but there is a
hypothesis that such influence can be changed
in anthropogenic areas, where we expect to
find lower richness and seed density in rela-
tion to the seed bank of mature forests. Since
it displays lower richness, we expect higher
floristic similarity to occur between climatic
seasons in forests at early stages of succes-
sion. We also hope that the soil harbors greater
richness and seed density when compared

to the leaf litter, because in seasonally dry
environments, the accumulation of leaf litter
tends to be reduced when compared to forests
in humid environments (Austin, & Vivanco,
20006), and the decomposition of the leaf litter
tends to be faster.

Thus, this study aimed at characterizing
the seed bank of an area that suffered clear
cutting, by answering the following questions:
1) Are there seasonal and spatial differences in
floristic composition, richness and density of
the soil seed bank of an area abandoned after
clear cutting?, and 2) Are the richness and den-
sity of soil seed banks lower in young forests
compared to mature forests?

MATERIAL AND METHODS

Study area: The study was conducted
at the Instituto Agrondémico de Pernambuco
- IPA (Estagdo Experimental José Nilson de
Melo), located in Caruaru, Pernambuco, Brazil
(8°14°18” S - 35°55°20” W, 537masl), in an
area of tropical dry forest, known locally as
“caatinga”, that suffered clear cutting for the
establishment of a culture of Opuntia ficus-
indica (L.) Mill. (giant palm), without the use
of either fire, fertilizer or an irrigation system.
Soon after planting the palm, the area was
abandoned and has been regenerating naturally
for 17 years, currently holding a young forest in
early stages of succession, with few adult indi-
viduals (Lopes et al., 2012; Souza et al., 2014).

The portion of the cropped area was part
of a mature forest, preserved for more than 50
years, covering about 30ha, and currently there
is a small distance of 7m between the young
and mature forests, which enables the IPA
staff to transit through them. The mature forest
has a high richness of woody and herbaceous
species, with a predominance of Asteraceae,
Euphorbiaceae, Mimosaceae, Poaceae, and
Malvaceae (Aratjo, Silva, Ferraz, Sampaio, &
Silva, 2005a; Reis, Aratijo, Ferraz, & Moura,
2000), there being a high similarity between the
vegetation and the soil seed bank (Santos et al.,
2010; Santos et al., 2013b; Silva et al., 2013a).
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The local climate is seasonal, the dry sea-
son occurring from September to February and
the rainy season concentrated in the remaining
months. The average annual rainfall over time
(time series of 30 years) is 692mm. The aver-
age annual temperature is 22.7°C and the soil
of the area is classified as Eutrophic Yellow
Podzol (Reis et al., 2006).

Sampling the seed bank: Five 210m
transects were set up in the young forest, par-
allel to one another and perpendicular to the
mature forest. The distance between transects
was 3m. In each transect, 21 10x10m con-
tiguous plots were defined, totaling 105 plots
(Lopes et al., 2012). In the center of each plot
a 20x20cm subplot was defined for the soil
sampling (Fig. 1).

To evaluate the influence of spatial and
temporal heterogeneity of the soil seed bank,
the soil samples were taken at the end of each
climatic season (rainy and dry in 2010), con-
sidering two levels of seed distribution in the
vertical space: 1) leaf litter; 2) soil layer up to
Scm in depth. In total, 210 soil samples (105 in
the leaf litter and 105 in the soil) were collected
in each season, totaling 420 samples. In the dry
season, the sub-plots to collect soil were set up
next to the site collected in the rainy season to
avoid reduction in the quantity of seeds due to

sampling taken beforehand in the rainy season
(Santos et al., 2013a; Silva et al., 2013a).

The samples were placed in polystyrene
trays, watered daily and kept at room tempera-
ture in a greenhouse for six months, simulating
the maximum duration of the seedling stage
in the caatinga vegetation (Aratjo, Martins,
& Santos, 2005b). The richness and seed den-
sity of the soil samples were evaluated by the
method of seedling emergence (Santos et al.,
2013a; Thompson, Ceriani, Bakker, & Bekker,
2003), and the seedlings were removed from
the tray after identification (Christoffoleti, &
Caetano, 1998). A row of tray controls with
sterilized soil was set up between the trays to
monitor the presence of contamination (Santos
etal., 2013a; Silva et al., 2013a). There were no
seedlings in the sterilized soil, confirming the
absence of contamination.

Species identification was made by com-
parison with herbarium specimens, from the
herbaria Prof. Vasconcelos Sobrinho (PEUFR)
and Dardano de Andrade Lima (IPA), with
the aid of specialized literature (Judd, Camp-
bell, Kellogg, & Stevens, 2009) and, when
necessary, the material was sent to specialists.
Furthermore, when sampling the soil seed
bank, seeds of species that were in the repro-
ductive phase were also collected and these
were left to germinate in a greenhouse to help
identify the species of the seed bank sampled.

Mature

Dry Rainy

Forest

HE 10m

1st 2nd
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===
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Fig. 1. Schematic drawing of the plots in the young forest next to a mature forest fragment in a semi-arid region in the
northeast of Brazil. In detail of plot with subplot, 1st sampling in the dry season and 2nd sampling in the rainy season.
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The unidentified plants were classified by
morphospecies (Santos et al., 2013a; Silva et
al., 2013a).

The seed density was expressed per square
meter. The sample size and method of analysis
of the soil seed bank for the analysis of the seed
bank of the young forest were the same as those
used in previous studies on the seed bank of the
mature forest (Santos et al., 2010; Silva et al.,
2013a) to enable comparisons between forests.

Analyses of the seed bank: Seasonal
differences in richness and average density
of seeds in the soil between the leaf litter and
0-5cm soil layer were evaluated through a mul-
tiple regression analysis (GLM) with Tukey’s a
posteriori test (Zar, 1996). There was no cor-
relation between mean and variance.

To find out if the richness and seed den-
sity of the soil seed bank differed between the
young forest and the mature forest remnant, the
floristic list of the soil seed bank of the mature
forest was compiled from a study by Silva et
al. (2013a) for three consecutive years and
compared to the richness and seed density of
the sampled young forest.

The floristic similarity between forests was
assessed using the Sorensen similarity index
(Zar, 1996), for which three levels of similarity
were adopted: 0-33%; 34-66% and 67-100%,
considered low, medium and high, respectively.
Differences in richness and average seed bank
density between forests were verified by the
one sample “t” test (Zar, 1996). The analyses
were performed using the programs Statistica
7.0 and 5.0 BioEstat.

RESULTS

Richness of the soil seed bank of the
young forest: A total of 47 species belong-
ing to 24 families were recorded in the seed
bank. Of the 47 species, three were identified
to the genus level, seven to the family level
and three only as morphospecies, due to the
precocious death of the seedlings. Excluding
the morphospecies, 80% of the species were
herbaceous, 4% trees and 16% shrubs. Only

one plant without seeds (the fern Selaginella
sucata) was recorded in this study, occurring
during the dry season. Of the total number of
species recorded, 21 occurred only in the dry
season, 12 occurred only in the rainy season
and 14 species occurred in both seasons.

In the vertical space, considering the two
seasons, eight species occurred only in the
leaf litter, 13 only in the soil and 26 occurred
in both the soil and leaf litter. The floristic
similarity ranged from average (57% between
seasons) to high (70% between leaf litter and
soil). Only the species Delilia biflora, Phaseo-
lus peduncularis, Panicum trichoides, Poaceae
spl, Poaceae sp2 and Pilea hyalina occurred in
both seasons, both in the leaf litter and in the
soil (Table 1).

The species richness of the seed bank was
significantly higher in the soil in both seasons.
Between seasons, the average richness of the
seed bank in the leaf litter was significantly
higher in the dry season, while in the soil it was
significantly higher in the rainy season (Table
2). Combining the leaf litter and the soil, the
average richness of the seed bank was similar
between seasons. The depth of seed deposition
in the soil seed bank significantly explained
36% of the species richness and the interaction
between season and depth explained only 4%
of the species richness of the soil seed bank
(Table 3).

Density of the soil seed bank of the
young forest: A total of 1277 (365 in the leaf
litter and 912 in the soil) and 1038 (101 in the
leaf litter and 937 in the soil) seedlings emerged
from the seed bank in the dry and rainy season
samples, respectively. These values allow us to
estimate a density of 304seeds/m? (87seeds/m?
in the leaf litter and 217seeds/m? in the soil), in
the dry season and 247seeds/m? (24seeds/m? in
the leaf litter and 223seeds/m? the soil), in the
rainy season.

The mean annual density of the seeds
in the soil seed bank in the young forest was
276seeds/m? (soil + leaf litter). Despite there
were no seasonal differences in seed density in
soil + leaf litter, it was significantly higher in
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List of families and species recorded in the soil seed bank in the caatinga forests

Family / Species

Acanthaceae

Pseuderanthemum detruncatum (Nees & Mart.) Radlk.

Ruellia asperula (Mart. ex Nees) Lindau
Ruellia bahiensis (Nees) Morong
Amaranthaceae

Gomphrena vaga Mart.
Amaryllidaceae

Hypeastrum sp.

Anacardiaceae

Myracrodruon urundeva Allemao
Schinopsis brasiliensis Engl. (A).
Araceae

Anthurium affine Schott

Asteraceae

Bidens bipinnata L.

Blainvillea acmella (L.) Philipson
Delilia biflora (L.) Kuntze

Emilia sp.

Gnaphalium spicatum (Forssk.) M. Vahl
Begoniaceae

Begonia reniformis Dryand.
Boraginaceae

Heliotropium angiospermum Murray
Burceraceae

Commiphora leptophloeos (Mart.) J.B. Gillett
Cactaceae

Cactaceae 1

Cactaceae 2

Cereus jamacaru DC.

Caparaceae

Capparis flexuosa Vell
Commelinaceae

Callisia repens (Jacq.) L.
Commelina obliqua Vahl
Convolvulaceae

Evolvulus filipes Mart.

Ipomoea sp.

Convolvulaceae 1

Convolvulaceae 2

Convolvulaceae 3

Cyperaceae

Cyperus uncinulatus Schrad. ex Nees
Dioscoreaceae

Dioscorea coronata Hauman

Dioscorea polygonoides Humb. & Bonpl. ex Willd.

Euphorbiaceae

Bernardia sidoides (Klotzsch) Miill. Arg.
Chamaesyce hyssopifolia (L.) Small
Cnidoscolus urens (L.) Arthur

Croton blanchetianus Baill.

Croton rhamnifolius Kunth

Croton jacobinensis Baill

Dalechampia scandens L.

Euphorbia insulana Vell.

Tragia volubilis (L.) Miill. Arg.

TABLE 1
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Family / Species

Euphorbiaceae 1
Fabaceae (Leguminosae)
Caesalpinioideae

Chamaecrista rotundifolia (Pers) Greene var

Faboideae

Anadenanthera colubrina var. cebil (Griseb.) Reis

Bauhinia cheilantha (Bong.) Steud.

Chaetocalyx longiflora Benth. ex A. Gray

Desmodium glabrum (Mill.) DC.
Phaseolus peduncularis W.P.C. Barton
Vigna sp.

Mimosoideae

Acacia paniculata Willd.
Mimosoideae |

Lythraceae

Cuphea prunellaefolia A. St.-Hill.
Malvaceae

Corchorus hirtus L.

Herissantia crispa (K. Schum.) Brizicky
Physaloides stoloniferum (Salzm.) H.C. Monteiro
Pseudabutilon spicatum (Kunth) R.E. Fr.

Malvaceae 1

Malvaceae 2

Malvaceae 3

Molluginaceae

Mollugo verticillata L.

Moraceae

Dorstenia asaroides Hook.
Orchidaceae

Oeceoclades maculata (Lindl.) Lindl.
Oxalidaceae

Oxalis euphorbioides A. St.-Hil.
Phyllanthaceae

Phyllanthus niruri L.

Poaceae

Dactyloctenium aegyptium (L.) Willd.
Enteropogon mollis (Ness) Clayton
Panicum maximum Jack.

Panicum trichoides Swart
Panicum venezuelae Hack.
Poaceae 1

Poaceae 2

Poaceae 3

Polygalaceae

Polygala paniculata L.
Portulacaceae

Tallinum paniculatum Gardner
Tallinum triangulare (Jacq.) Will.
Portulaca spl.

Portulaca sp2.

Rhamnaceae

Ziziphus joazeiro Mart.

Rubiaceae

Rubiaceae 1

Selaginelaceae

Selaginella sulcata (Desv.) Spring.
Solanaceae

TABLE 1 (Continued)

. D R D R
T R T -
H X X
H X
T X
B X
H X
H X X X X
H X X X X X X
H X
B X X X X X
B X X X
H
H X X
H X
H X
H X X X
H X X X
H X X
H X
H X X X
H X
H X X
H X X
H X
H X
H X
H X X
H X X X X X X X
H X X X X X X
H X X X X X X
H X X X X X
H X
H
H X
H X X X X X
H X X
H X
T X
H X X
H X X X X

326

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 63 (2): 321-332, June 2015



TABLE 1 (Continued)

Family / Species Habit
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Solanaceae 1 H
Urticaceae

Pilea hyalina Fenzel H X X X X X X X
Verbenaceae

Lippia americana L. B X

Vitaceae

Cissus sp. H

Morfoespecie 1 X
Morfoespecie 2 X X
Morfoespécie 3 X

Morfoespecie 4 X X X X
Morfoespecie 5 X
Morfoespecie 6

Morfoespecie 7

Morfoespecie 8 X
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H=herb; T=tree; B=bush; D=dry season; R=rainy season; L=leaf litter; S=soil; Data for the mature forest were compiled
from Silva et al. (2013a).

TABLE 2
Spatial and temporal variation in richness and mean density of the seed bank of the young caatinga forest

Vertical . Rainy Dry . Rainy Dry
Season space Rl Litter Soil Litter Density Litter Soil Litter
Rainy Litter 0.5+0.7 1+2
Soil 2.7+1.6  0.000008 9+11 0.000008
Dry Litter 1.2+1.1  0.001075  0.000008 445 0.113124  0.000015
Soil 2.3+1.8  0.000008 0.154963  0.000008 9£10 0.000008  0.996640  0.000028

(Mean+tstandard deviation, values in bold denote significant differences by the Tukey test).

TABLE 3
Explained variance in species richness and seed density (GLM) by season (rainy and dry), depth
(leaf litter and soil up to 5 cm) and interaction in the young caatinga forest

Richness Density
SQ DF SM F P R? SQ GL oM F P R?
Intercepto 1130288 1 1130.288 590.0820  0.000000 12760.06 1 12760.06 192.5484  0.000000
Season 2.593 1 2.593 13536 0245310  0.003  136.00 1 136.00 20523 0.152731  0.005
Depth 286.688 1 286.688  149.6694  0.000000 0.360 4554.02 1 455402  68.7199  0.000000 0.165
Season * Depth 32.593 1 32.593 17.0155  0.000045  0.041 198.86 1 198.86 3.0008  0.083966 0.007
Erro 796.838 416 1915 27568.06 416 606.27

(SQ - sum of squares, DF - degrees of freedom; SM - square mean).

the soil (Table 2) in both the rainy and dry sea- Differences in soil seed bank between
sons. Of the total number of seeds recorded in young and mature forests: A total of 91 spe-
the soil seed bank of the young forest, 16% was  cies were recorded in the soil seed bank of the
significantly explained by the depth of deposi- young and mature forests (Table 1), with 12
tion. The relationship between seasons and  species recorded exclusively in the young for-
seed bank density was not significant (Table 3). est, 43 only in the mature forest and 36 in both
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forests. The floristic similarity between forests
was average (53%).

Regardless of the season, the species rich-
ness of the seed bank was lower in the young
forest. However, separating the seasons it was
found that only in the rainy season did the
mature forest have the greatest richness in its
seed bank. Moreover, the seed bank of the
mature forest also harbored a significantly
higher number of seeds in the soil and in the
leaf litter in both seasons (Table 4).

DISCUSSION

The spatial and seasonal differences in
seed density and species richness of the soil
seed bank of the young forest showed that spa-
tial and temporal variations in the seed bank in
the soil (Facelli et al., 2005; Santos et al., 2010;
Santos et al., 2013a; Williams et al., 2005)
continue to exist even after 17 years of human
intervention. However, changes in the percent-
age of floristic similarity between the seasons
occur, confirming the hypothesis of this study.
The percentage (57%) of seasonal similar-
ity was higher than that of mature forests that
range from 22% to 53% (Caballero, Olano,
Luzuriaga, & Escudero, 2005; Lopez, 2003),

possibly due to the influence of seasonality
and its interaction with human disturbance on
the reproductive period of plants (Albuquerque
et al., 2012; Amorim et al., 2009; Donohue et
al., 2010; Lima et al., 2007; Lima et al., 2012;
Souza et al., 2014).

Lopes et al. (2012) and Souza et al. (2014)
conducted studies on seed rain and vegetation
structure in the same study area and found that
the young caatinga forest was still in early
stages of succession and had reduced species
richness compared to the mature forest. Thus,
perhaps the reduction in seasonal floristic dis-
similarity in areas that suffered human distur-
bance is a reflection of the fact that the area has
not yet regained the full floristic richness that
existed before the disturbance event.

Allied to this, it is worth noting that some
types of vegetation from arid and semiarid
environments have high richness of herbaceous
species (Lopez, 2003; Reubens, Heyn, Gebre-
hiwot, Hermy, & Muys, 2007), as was the case
of the study area (Santos et al., 2013b), and
changes in species composition and assem-
blage structure may occur naturally depend-
ing on interannual variations in rainfall and
soil types (Reis et al., 2006; Souza et al.,
2014; Silva, Santos, Santos, Ferraz, & Araujo,

TABLE 4
Mean species richness and mean number of seedlings germinated in samples of leaf litter and soil
of young and mature forests, in a semi-arid region in the northeast of Brazil

Young forest

Richness  Dry L 1.2
S 2.3
SM 3.5
Rainy L 0.5
S 2.7
SM 32
Annual mean 33
Density Dry L 3.4
S 9
SM 13
Rainy L 1
S 9
SM 10
Annual mean 11

Mature forest t p
1.2 -0.263 =0.7931
2.6 -1.8605 =0.0655
3.8 -1.6368 =0.1046
1.4 -13.1596 <0.0001
3.5 -5.3868 <0.0001
4.9 -9.9299 <0.0001
8.7 -14.7247 <0.0001
5.2 -3.3993 =0.0033
22 -13.5236 <0.0001
27 -12.7429 <0.0001

3 -10.1465 <0.0001
17 -6.8796 <0.0001
20 -8.1858 <0.0001
24 -13.8354 <0.0001

L=leaf litter; S=soil 0-5cm depth; SM=Seasonal mean; p values in bold denote significant differences (p<0.05) using one
sample t-test. Data for the mature forest were compiled from Silva et al. (2013a).
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2013b). Therefore, it is also possible that, in
the year of the study, the species composition
of the area was naturally low, explaining the
increase in the percentage of similarity record-
ed and the difference in seasonal richness of
the soil depth.

Although there was similarity in richness
and seed density (soil + leaf litter) between
seasons, as had already been recorded by Silva
et al. (2013a) and Lopez (2003), it is still not
possible to make further comments on the exis-
tence of a seasonal pattern in the characteristics
of the seed bank of forests in dry environments
as there are studies showing that the richness
and density of the seed bank may also be higher
in the season that is more favorable (Caballero
et al., 2005; Facelli et al., 2005; Kellerman, &
Van Rooyen, 2007) or unfavorable (Williams et
al., 2005) to seedling emergence.

Regarding the soil depth, some studies
of dry forest environments have shown that,
regardless of seasonality, density and richness
of the seed bank are lower in the leaf litter
(Santos et al., 2010; Santos et al., 2013a; Silva
et al., 2013a; Yu, Bell, Sternberg, & Kutiel,
2008), as recorded in this study. At least two
factors may explain the higher density of seeds
in the soil. First, the vegetation of the study
area is still in the initial stages of succession
and there are many clearings and young trees
with poorly developed crowns (Lopes et al.,
2012), which naturally reduces the accumula-
tion of leaf litter on the ground.

Second, the deposition of leaf litter in the
young forest is higher in the transition between
the rainy-dry seasons (Santos, Souza, Santos,
Santos, & Araujo, 2011), but decomposition
occurs rapidly, justifying the trend for greater
richness and seed density in the soil. The
high percentage (70%) of floristic similarity
between the superficial layer of the soil and the
leaf litter indicates that propagules of the few
species that are dispersed are quickly incorpo-
rated into the soil seed bank.

The seasonal differences in richness and
seed density recorded in the soil and leaf litter
can be explained by the fact that the dispersal
of seeds of many species occurs in the dry

season or during the transition between the
rainy and dry seasons. Also, the shedding of
leaves occurs in response to the arrival of the
dry season (Albuquerque et al., 2012; Lima et
al., 2012; Souza et al., 2014), which increases
the accumulation of leaf litter on the ground,
especially in the first months of the dry season
(Santos et al., 2011), contributing to greater
richness in this season.

In the soil, however, the greater richness
and seed density in the rainy season can be
explained by the facty that the leaf litter layer
is generally shallower (Austin, & Vivanco,
2006; Santos et al., 2011), thus leading to the
seeds being incorporated into the soil quickly.
Another fact that may help in understanding the
greater richness and density of seeds in the soil
during the rainy season is the loss of seeds that
occurs in the dry season, since rainfall is erratic
in the caatinga in that season, triggering the
germination of seedlings that end up dying due
to that lack of continuous rainfall (Albuquerque
et al., 2012; Araujo et al., 2005b; Lima et al.,
2007; Santos et al., 2009).

Apart from human disturbance (Mamede,
& Aragjo, 2008) and the depth of seed deposi-
tion in the soil (Yu et al., 2008), there are other
variables, such as variation in microhabitats,
predation, canopy openness, pathogens and
precipitation, that can influence directly or
indirectly the richness and density of the soil
seed bank (Pugnaire, & Lazaro, 2000; Santos
et al., 2010; Santos et al., 2013a; Yan, Zhu, &
Gang, 2013). However, although these vari-
ables were not monitored in this study, the ver-
tical space alone explained 36% of the variation
in species richness and 16% of the variation in
density of seeds in the soil bank. Therefore, this
study shows that vertical space is a variable of
great influence on the seed bank of abandoned
agricultural areas and needs to be considered in
developing predictive models of richness and
seed density for these environments.

However, there are reports that interannual
variations of precipitation can explain 48% of
the variation in species richness of the seed
bank of mature forests (Santos et al., 2013a),
indicating that only one year of monitoring
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is not enough to generalize about a larger
pattern of seasonal variation in the richness
of the soil seed bank of young forests. Only
long-term monitoring will allow us to make
larger generalizations.

A significant quantity of species (42) of
the soil seed bank of the mature forest were not
present in the seed bank of the young forest,
despite the contribution of the mature forest
in the seed rain of the young forest (Souza et
al., 2014), the elapsed time of abandonment
(17 years) after agricultural activity, and the
proximity between forests (Lopes et al., 2012;
Souza et al., 2014).

The average floristic similarity between
the seed banks, allied to the occurrence of for-
est species exclusive to the seed bank of the
young forest, show that the seed bank of that
forest is depleted by the impact of the action
of removal of vegetation, providing a lower
species diversity for the restoration of the for-
ests. This confirms the changes in richness and
floristic composition that have been recorded
in the seed bank of other areas, after anthropic
action (Mamede, & Aratijo, 2008; Reubens et
al., 2007), eventually leading to a reduction of
the original plant community to a single popu-
lation resistant to the disturbance that occurred
in the area (Vieira, & Scariot, 2006).

According to Silva et al. (2013a), the
density of the soil seed bank of the mature for-
est may vary between years, since an average
of 1 168, 304 and 302seeds/m? was recorded
for three consecutive years. Despite the varia-
tion in the density of the soil seed bank of
the young forest being as yet unknown, the
density recorded in this study (1 277seeds/
m?) was higher than that observed by Silva et
al. (2013a), indicating that despite the time of
abandonment not being sufficient for complete
recovery of floristic diversity, there is no seed
limitation of pioneer species for regeneration of
the young forest.

In the mature forest, spatial variation of
microhabitats explained 31% of the seed den-
sity of the soil seed bank (Santos et al.,
2013a). This percentage, almost double that
recorded in the young forest with regard to the

explanatory power (16%) of the variable depth
of seed deposition, indicates that the young
forest may still be impoverished regarding the
diversity of microhabitats, and this needs to be
further evaluated in future studies.
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RESUMEN

,Qué ocurre con el banco de semillas del suelo
17 aifios después del corte de la vegetacion? El banco
de semillas juega un papel importante en el potencial de
resiliencia de las areas antropogénicas y sufre influencia de
las variaciones estacionales. La heterogeneidad espacial y
temporal de los bosques influye en la riqueza y la densidad
del banco de semillas del suelo, pero hay una hipotesis de
que tal influencia se puede cambiar en las zonas antropo-
génicas, donde esperariamos encontrar menor riqueza y
densidad de semillas en relacion con el banco de semillas
de los bosques maduros. La riqueza y la densidad estacio-
nal de semillas del espacio vertical del suelo de un bosque
joven, con 17 afios de abandono de cualquier actividad
agricola, fueron evaluadas y comparadas con las un bosque
maduro. El estudio se realizo en el Instituto Agrondémico
de Pernambuco - IPA (Estagdo Experimental José Nilson
de Melo), situado en Caruaru, Pernambuco, Brasil, en una
zona de bosque seco tropical, conocida localmente como
“caatinga”. El clima local es estacional, la estacion seca
ocurre de septiembre a febrero y la estacion de lluvias
en los meses restantes. La precipitacion promedio anual
(series de tiempo de 30 afios) es 692mm. En cada estacion
climatica (lluviosa y seca), el banco de semillas fue mues-
treado en 210 parcelas de 20x20cm (105 en la hojarasca a
Scm de profundidad del suelo). La riqueza y densidad de
semillas de las muestras del suelo fueron evaluadas por el
método de emergencia de plantulas. El banco de semillas
present6 47 especies, con una predominancia de las herba-
ceas. Las variaciones estacionales de riqueza y densidad de
semillas del suelo (hojarasca+suelo) no fueron significati-
vas, pero 42 especies del bosque maduro todavia estaban
ausentes en el banco de semillas del bosque joven, apesar
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de los 17 afos de regeneracion natural y de su proximidad
con el bosque maduro. Aisladamente, el suelo presentd
mayor riqueza y densidad de semillas que la hojarasca. La
profundidad de deposito de semillas en el banco del suelo
del bosque joven explico significativamente 36% de la
riqueza de especies y 16% de la densidad de semillas, con
efecto significativo de interaccion con la estacion climatica
apenas sobre la riqueza de las especies, explicando mas de
4% de la variacion registrada. La densidad de semillas del
bosque joven (1 277semillas/m?) fue mas elevada que la
del bosque maduro indicando, que a pesar del poco tiempo
de abandono del cultivo, fue suficiente para la recuperacion
completa de la densidad de semillas.

Palabras clave: semiarido, bosque joven, caatinga, rege-
neracion natural, resiliencia.
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