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Number of buried seeds and seedlings emergence in cerradao, cerrado and gallery
forest soils at Pedregulho, Itirapina (SP), Brazil
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ABSTRACT - (Number of buried seeds and seedlings emergence in cerradio, cerrado and gallery forest soils at Pedregulho, Itirapina
(SP), Brazil). This study was carried out at the site named Pedregulho in the “Estagdo Experimental de Itirapina”, Itirapina, state of Sao
Paulo, Brazil. Soil samples were collected in the rainy and in the dry season at three depths in the gallery forest, cerrado and cerradao.
The total number of seeds was counted after being separated from the soil by wet sieving and the number of viable seeds was determined
by emergence of seedlings in soil samples in a greenhouse. The number of seeds and of emerged seedlings decreases as soil samples
become deeper. The number of seeds was much larger in the cerrado in the dry season than in the rainy season, but it was lower in the
dry than in the rainy season in the gallery forest. The number of seeds in the cerraddo was similar in both seasons. There was a heavy
discrepancy between the total number of seeds and that of emerged seedlings.

RESUMO - (Numero de sementes e emergéncia de plantulas em solos de cerrado, cerradio e mata ciliar em Pedregulho, Itirapina (SP),
Brasil). O presente trabalho foi conduzido numa localidade denominada Pedregulho, na Estagdo Experimental de Itirapina, municipio
de Itirapina, estado de Sdo Paulo, Brasil. As amostras de solo foram coletadas na estagdo chuvosa e na estagao seca, em trés profundi-
dades, em area de mata ciliar, cerrado e cerraddo. Apods separagdo do solo com uso de peneiras e agua, foi contado o niimero de
sementes e determinado o nimero de sementes vidveis através da emergéncia de plantulas em amostras de solos mantidas em casa de
vegetagdo. O numero de sementes e de plantulas diminui a medida que aumenta a profundidade do solo. Maior niimero de sementes foi
observado no solo de cerrado na estacdo seca do que na estagdo chuvosa, porém na mata ciliar, o nimero de sementes foi mais elevado
na estagdo seca. Em solo de cerraddo, o nimero de sementes foi semelhante nas duas estagdes de coleta das amostras de solos. Houve

uma grande discrepancia entre o niimero total de sementes presentes nas amostras de solo e o de plantulas que emergiram.
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Introduction

The natural cover of about 25% of the land area
of Brazil was savannah vegetation given the name of
cerrado “sensu lato”. The vegetation of many cerra-
do areas have been destroyed for agricultural
purposes. Cerrado vegetation is floristically and
physiognomically diverse. Although annual rainfall
can be as high as 2000 mm, much of the cerrado is
subject to prolonged and often severe winter drought
lasting for up to four months of the year (Eiten 1972).
When the cerrado “sensu lato” presents a canopy
cover of about 50% and the height of the stand is
rarely greater than 18 m this cerrado is called
cerraddo and when presenting only scattered trees
and shrubs to give a canopy cover of less than 2%, it
is called open-cerrado (Eiten 1972, Felippe & Dale
1990). Trees and shrubs have a tortuous and gnarled
appearance, especially when they have been exposed
to fire. Many areas are subject of regular burning as
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part of their management for cattle rearing (Coutinho
et al. 1982).

Soil-stored seed bank is widely used to indicate
the reservoir of viable seeds in the soil and the surface
of the soil (Roberts 1981). Weeds of abandoned
fields, are effective in developing a seed bank. Many
seeds that go through a period of dormancy might
be incorporated as part of a soil seed bank. Thus the
soil seed bank can be made of a transitory element -
includes most of the seeds of the surface of the soil,
seeds capable to germinate straightaway - and a
permanent component - seeds which will be viable
for a number of years (Graham & Hutchings 1988).
In general, the persistent soil bank presents compact,
smooth and small seeds which possess very precise
mechanisms for breaking dormancy and in the
temporary bank the seeds are large, flat and long and
the conditions for overcoming dormancy are not very
well defined (Thompson 1987). The soil seed bank
is an important repository for the total plant species
richness of a habitat (Berge & Hestmark 1997). Quite
often soil seed banks contain species of genotypes
not found in the aboveground vegetation (Bennington
et al. 1991).
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The seeds and fruits are extracted from the soil
by physical methods based on size differences or
diversity (Price & Reichman 1987, Henderson et al.
1988, Benoit et al. 1989). Obviously the number of
recovered seeds depends on the method used and
studies comparing the results for estimating seed
number obtained from different methods are few
(Gross 1990, Brown 1992, Villiers et al. 1994). The
number of viable seeds is estimated by placing
samples of the soil in favourable conditions and
following the germination and emergence of
seedlings (Archibold 1981, Howe & Chancellor
1983, Graham & Hutchings 1988, Grastrom 1988,
Coffin & Lavenroth 1989).

Although soil seed banks have been well studied
in temperate regions, the only paper published for
Brazilian areas in an accessible international journal
is that of Garcia (1995). Garcia (1995) studied the weed
seed bank in a maize field at three depths and the
results point to a tendency of tropical cultivated soils
to have smaller seed banks than in temperate regions.

The objective of this work was to find out if a
seed bank is present in a natural area of cerrado (cer-
rado and cerraddo) and if so, how it compares with
seed bank in the gallery forest in terms of density of
seeds and number of viable seeds. The work also
addresses another question: do the seeds have an even
distribution in the soil profile in the three areas
studied? In this paper only seed number and seedling
emergence were dealt with to show the presence or
absence of seed banks, thus a study in terms of
species occurring was not aimed at.

Material and methods

The present study was carried out in the Estagdo Experimen-
tal de Itirapina, Itirapina, state of Sdo Paulo, Brazil (Pedregulho
site). A floristic survey of this area was previously carried out and
a total of 118 species of angiosperms, 87 genera and 26 families
were sampled. The climate of the region is mesothermic, with a
dry winter, presenting an annual water deficit of 23 mm (Gianotti
& Leitdo Filho 1992). The soil samples were collected in three
areas: gallery forest, cerrado “sensu stricto” and cerradio at depths
of 0-5, 5-10 and 10-15 cm. The chemical and physical analyses of
these samples (one replicate of each) are presented in tables 1 and
2. The samples were collected in the dry (beginning of August
1996) and rainy (end of February 1997) seasons. Figure 1 presents
the rainfall and the temperature of the region over the period in
which the soil samples were collected.

Three replicates of the soil were collected with a 5 cm deep
metal square (25 x 25 cm) for each depth in the three areas (thus
nine samples for each area). The soil of the three replicates was
placed in a tray and after being thoroughly homogenised a sample

of 500 cm? (thus only one replicate was counted) was taken for
the separation of the seeds (means always seeds and fruits) through
a wet sieving treatment. Wet sieving was carried out with tap water
and sieves with 2.00, 0.85 and 0.42 mm pores. The sieves were
mounted in a shaker (Test sieve shaker EFL1 mk3, Endecott) and
the filtration lasted for 30 minutes. Before sieving 500 seeds of
Celosia cristata (L.) O. Ktze (an exotic species) were added to
the soil sample and thoroughly mixed in to serve as a marker in
all the samples used. For the dry season the tap water used in the
wet sieving was collected and decanted for 24 hours; the water
was then discarded and the soil was placed in trays in a greenhouse
to check if seeds smaller than 0.42 mm were present. This was
verified through the emergence of seedlings over a period of time.
After the wet sieving, the material retained in each sieve was left
to dry at room temperature and then dry sieved. Seeds and fruits
were separated manually from the material left in each sieve. For
the material in the 0.42 mm sieve a stereomicroscope was used to
separate and to count the seeds.

Samples of 200 cm? of soil were used for the observation of
emergence of all seedlings. As soon as the seedling appeared over
the surface of the soil it was considered emerged. In trays of 22
cm diameter and 3 cm deep a thin layer of wet sterilised sand was
placed. A layer of 0.5 cm of soil was placed over the sand: due to
light sensitive seeds the layer of soil should be thinner than 1 cm,
as recommended by Wesson & Wareing (1969). The trays were
covered with transparent film and kept all the time in a greenhouse,
where the sunlight was cut by 50% (“sombrite”). Enough water to
keep the soil always wet was added daily and the transparent film
was changed when needed. One tray was used for each collected
sample (three areas and three depths). All emerged seedlings (no
distinction was made between normal and abnormal seedlings)
were counted up to 83 days from the beginning of the experiment.
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Figure 1. Temperature (°C) and rainfall (mm) during the period of
the experiments carried out at Pedregulho (Estagdo Experimental
de Itirapina) Itirapina, Sdo Paulo, Brazil.
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Table 1. Chemical analysis of the soil samples from Pedregulho, Estagdo Experimental de Itirapina (Itirapina, Sdo Paulo, Brazil),
according to the Departamento de Ciéncias do Solo, Universidade de Sao Paulo, Piracicaba, SP.

A13+

H+AP*

Depth P . oM pH K* Ca?  Mg* SB CEC A% m
Sample resin o
(em)  (pgem?) (%)  CaCl, meq.100cm? %
Cerrado 0-5 9 4.9 3.6 0.19 0.5 0.4 1.4 10.9 1.1 12.0 56
5-10 6 3.0 3.8 0.15 0.2 0.2 1.2 8.8 0.6 9.4 67
10-15 4 2.5 3.9 0.16 0.1 0.2 0.7 8.0 0.5 8.5 58
Cerradio 0-5 5 1.4 4.2 0.27 0.4 0.4 0.3 2.2 1.1 33 33 21
5-10 2 1.3 3.9 0.13 0.3 0.3 0.7 2.8 0.7 3.5 20 50
10-15 3 1.0 4.0 0.08 0.2 0.2 0.4 1.8 0.5 2.3 22 44
Gallery 0-5 20 6.7 4.1 0.35 3.6 1.9 1.1 13.5 5.9 19.4 30 16
forest 5-10 20 5.7 3.9 0.25 1.3 0.8 2.0 15.0 2.4 17.4 14 45
10-15 19 4.7 3.9 0.11 0.5 0.3 2.2 13.5 0.9 14.4 6 71

OM: organic matter; H+AI*": potential acidity; SB: sum of bases = Ca** + Mg?>" + K*; CEC: cationic exchange capacity = SB +
(H=AI¥); V: saturation of bases = SB . CEC"' . 100; m: saturation of AI’*= Al . (SB+ Al)' . 100

Results

The method used for separating seeds from soil

was considered very effective as nearly all the seeds
of Celosia cristata (97%) were recovered
independently of the soil used.
Number of seeds and emerged seedlings in the soil
bank in the dry season - The number of seeds in the
soil samples collected in the dry season at Pedre-
gulho is shown in table 3. The cerrado soil is very
rich in seeds while in the cerraddo and in the gallery
forest the number is small when compared to that
of the cerrado. The cerrado presents a clayey soil
whereas the cerraddo a more sandy type of soil
(table 2). The number of seeds decreases with
increasing depth in the cerrado, cerraddo and gallery
forest. In cerrado the majority of seeds are small,
being retained in the 0.42 mm pore sieve (three
times more seeds than in the other two sieves). The
gallery forest soil also presents more small seeds
than larger ones. The picture is different for the
cerraddo: more seeds were retained in the 0.85 mm
pore sieve. Few seeds larger than 2.00 mm were
present in the three soil banks . The total number
presented in table 3 accounts for most of the seeds
in the bank, as the number of seeds smaller than
0.42 mm were not counted. This is because during
wet sieving the few smallest seeds were not retained
by the 0.42 mm sieve.

The soil that went through the 0.42 mm pore sieve
was placed in trays (three replicates) and the emerged
seedlings were counted. Very few seedlings emerged.
No seedlings appeared in the soil from the gallery
forest; nine seedlings of dicotyledons were collected
in the soil from the cerrado; three dicotyledon
seedlings and one monocotyledon species were
present in the cerradao soil.

Table 2. Physical analysis of the soil samples from Pedregulho
(Itirapina, Sdo Paulo, Brazil, according to the Departamento de
Ciéncias do Solo, Universidade de Sdo Paulo, Piracicaba, SP.

S S e 0 0
Cerrado 0-5 2 7 13 20 4 46 12 42 clayey
5-10 1 5 12 22 3 43 13 44 clayey
10-15 2 4 10 21 4 41 10 49 clayey
Cerraddao 0-5 1 8 25 40 6 80 4 16 m-sandy
510 1 7 24 40 4 76 6 18 m-sandy
10-15 1 6 33 43 3 8 4 10 sandy
Gallery 0-5 1 8 19 19 8 55 14 31 m-clayey
forest 5-10 - 7 19 21 8 55 12 33 m-clayey
10-15 - 7 15 16 11 49 12 39 clayey

vc: very coarse; ¢: coarse; m: medium; f: fine; vf: very fine; tot:
total; -: not analysed or value zero.
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Table 3. Number of seeds (seeds and fruits) in 500 cm® soil samples
(three replicates) from the cerraddo, cerrado “sensu stricto”and
gallery forest collected in the dry season (August) at Pedregulho,
Estagdo Experimental de Itirapina (Itirapina, SP, Brazil) at three
depths: 0-5, 5-10 and 10-15 cm. Seeds retained in sieves with
pores of 2.00, 0.85 and 0.42 mm.

Soil sample Depth Sieve pore size (mm) Total
(cm) 2.00 0.85 0.42

Cerradao 0-5 11 23 12 46

5-10 1 11 6 18

10-15 1 8 3 12

total 0-15 13 42 21 76

Cerrado 0-5 8 148 473 629

5-10 0 62 242 304

10-15 0 40 107 147

total 0-15 8 250 822 1080

Gallery 0-5 11 16 28 55

forest 5-10 1 7 10 18

10-15 0 7 6 13

total 0-15 12 30 44 86

For the dry season, in the cerradio soil few seedlings
appeared and no seedlings of monocotyledons could
be seen in the samples collected at 10-15 cm deep.
More seedlings appeared in the samples from the
cerrado and gallery forest. In the cerrado more
seedlings emerged from the superficial soil than at
5-10 and 10-15 cm deep; in the latter depth there
was a reduction in the number of seedlings. Both
dicotyledon and monocotyledon species appeared at
the three depths collected. The number of dicotyledon
species decreased with depth. In the gallery forest
the number of seedlings decreases with depth of the
sample. No new seedlings emerged after 60 days of
observation and all the results presented are after 83
days of observation. In the cerraddo the emerged
seedlings belonged to two species, in the cerrado to
10 and in the gallery forest to 11 different species.
There is a strong discrepancy between number of
seeds in the bank and number of germinated seeds
in the three areas studied: cerradio, cerrado and
gallery forest.

Number of seeds and seedlings in the soil bank
in the rainy season - The number of seeds in the soil
samples collected in the rainy season is shown in
table 4. Again the cerrado soil bank is very rich
in seeds. The number is smaller in the cerraddo

and gallery forest when compared to the number
in the cerrado. The number of seeds decreases
with increasing depth in the cerrado, cerradao
but not in the gallery forest. In cerrado and
gallery forest, the majority of seeds are small, being
retained in the 0.42 mm pore sieve. The picture is
different for the cerraddo: more seeds were
retained in the 2.00 mm pore sieve. Few seeds
larger than 2.00 mm were present in the cerrado
and gallery forest.

Table 5 shows that the number of emerged
seedlings during 83 days was similar for cerradao,
cerrado and gallery forest. The results for the
cerradao show more emerged seedlings in the
samples collected at 5-10 cm deep. The number
of seedlings in the cerrado and gallery forest
decreases with depth of the sample. There is a
strong discrepancy between total number of
emerged seedlings from the soil samples (28 in
cerraddo, 31 in the cerrado and 27 in the gallery
forest) and the number of seeds found in the soil
banks (tables 3 and 4). More dicotyledon than
monocotyledon species appeared at the three
depths collected.

Table 4. Number of seeds (seeds and fruits) in 500 cm® soil samples
(three replicates) from the cerraddo, cerrado “sensu stricto” and
gallery forest collected in the rainy season (February) at Pedre-
gulho, Estagdo Experimental de Itirapina (Itirapina, SP, Brazil) at
three depths: 0-5, 5-10 and 10-15 cm. Seeds retained in sieves
with pores of 2.00, 0.85 and 0.42 mm.

Soil sample Depth Sieve pore size (mm) Total
(cm) 2.00 0.85 0.42

Cerradao 0-5 40 12 17 69

5-10 9 5 5 19

10-15 1 2 1 5

total 0-15 50 19 23 93

Cerrado 0-5 27 65 136 227

5-10 45 27 111 182

10-15 12 54 113 179

total 0-15 84 146 360 588

Gallery 0-5 16 17 14 47

forest 5-10 11 22 82 115

10-15 2 8 26 36

total 0-15 29 47 122 198
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Discussion

The physical extraction of seeds from the soil and
emergence of seedlings from soil are used to estimate
seed bank composition (Brown 1992). When relative
differences are the concern, both methods can detect
differences (Ball & Miller 1989). Both methods were
used here and the technique used to recover seeds
from the soil was very efficient as shown by the use
of the Celosia marker.

The occurrence and distribution of rainfall is of
paramount importance in tropical environments
(Stubblebine et al. 1978). In the cerrado of the “Re-
serva Bioldgica e Estagdo Experimental de Moji
Guagu” the majority of plants flowered in the rainy
season liberating their fruits in the dry season
(Mantovani & Martins 1988). In the present work
the number of seeds was much larger in the cerrado
in the dry season than in the rainy season, which
agrees with that information.

The analysis of the vertical structure of the seed
bank is a means of evaluating which seeds arrived before
and which later, for example when an agricultural
field was abandoned (Kiirikki 1993), but this was
not our concern here. Also an idea of the nutritional
status of the soil can be inferred by the study of different
depths of the seed bank and here in the different
communities studied the total number of seeds and
the number of viable seeds decreased with increased

Table 5. Number of seedlings of dicotyledon (Dicot.) species and
monocotyledon (Monocot.) species emerged after 83 days from
the beginning of the germination experiment in 500 cm? soil
samples collected in the dry season (August) and in the rainy
season (February) at 0-5, 5-10 and 10-15 cm deep in the cerradao,
cerrado “sensu stricto”and gallery forest at Pedregulho, Estacao
Experimental de Itirapina (Itirapina, SP, Brazil).

Number of seedlings Total
Samples
0-5cmdeep S5-10cmdeep 10-15cm deep
Dicot. Monocot. Dicot. Monocot. Dicot. Monocot.
dry season
Cerradao 3 3 2 1 3 0 12
Cerrado 17 5 12 7 5 6 52
Gallery forest 16 6 11 1 8 1 43
rainy season

Cerradio 6 1 16 1 3 1 28
Cerrado 9 4 10 0 8 0 31
Gallery forest 10 6 6 1 4 0 27

depth. The decrease in the number of viable seeds with
increasing depth reflects two things: the decrease in
number of seeds (tables 3 and 4) and the decrease in
nutrients of the deeper layers of the soils used (table 1).
In relation to fern spores bank, very few viable spores
are present on the deeper soil samples and the
gametophytes develop more slowly than those on
samples collected near the surface, probably due to
the nutritional deficiency of the deeper soil samples,
among other reasons (Lindsay & Dyer 1990).

The number of viable seeds in the three areas studied
here (independently of depth of the layer studied)
was very small. This is not surprising as in general
seed banks are occasionally small or lacking in some
plant communities like forests (Frank & Safford 1970,
Johnson 1975) whereas in abandoned agricultural
sites seed banks are large (Shiro & Kanda 1996). For
example, the number of viable seeds found in the
present study is very small when compared with the
number of 200 viable seeds in 1000 cm? of soil found
by Kiirikki (1993) in an agricultural site in Finland.
Even though the method for counting seedlings
produced a very low number of seeds for the three
areas studied this is considered by Gross (1990) a
good method for assessing viable seeds in the bank.

The seeds and seedlings could not be identified
to species level. Although the vascular flora of the
“Estagao Experimental de Itirapina” has been well
studied (Gianotti & Leitdo-Filho 1992), there is no
mention about morphological characteristics of seeds
or seedlings in this area or in any other natural
communities in Brazil, as for example the cerrado.
However, we could identify a group of seeds belonging
to different species of Miconia and Tibouchina
(Melastomataceae). In both seasons, this was the
most common group of seeds found in the soil
samples and was far more frequent in the soil from
the cerrado than in the other sites, the number
decreasing with increased depth. Garcia (1995)
dealing with weeds was able to produce a list of
species whose viable seeds were present in the bank
in the maize field studied.

There is no doubt of the importance of the seed
bank as a means to recover the cerrado “sensu stricto”,
cerraddo and gallery forest vegetation. But it must be
remembered that vegetative reproduction can be as
effective. In northern Japan the revegetation was a result
of vegetative reproduction rather than regeneration from
the seed bank (Shiro & Kanda 1996).
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