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Abstract: Dormancy-breaking requirements of Sophora tomentosa and Erythrina speciosa (Fabaceae)
seeds. The physical dormancy of seeds has been poorly studied in species from tropical forests, such as the
Atlantic Forest. This study aimed to examine the effect of moderate alternating temperatures on breaking the
physical dormancy of seeds, the morphoanatomy and histochemistry of seed coats, and to locate the structure/
region responsible for water entrance into the seed, after breaking the physical dormancy of seeds of two woody
Fabaceae (subfamily Faboideae) species that occur in the Brazilian Atlantic Forest: Sophora tomentosa and
Erythrina speciosa. To assess temperature effect, seeds were incubated in several temperature values that occur
in the Atlantic Forest. For morphological and histochemical studies, sections of fixed seeds were subjected to
different reagents, and were observed using light or epifluorescence microscopy, to analyze the anatomy and
histochemistry of the seed coat. Treated and non-treated seeds were also analyzed using a scanning electron
microscope (SEM) to observe the morphology of the seed coat. To localize the specific site of water entrance,
the seeds were blocked with glue in different regions and also immersed in ink. In the present work a maximum
temperature fluctuation of 15°C was applied during a period of 20 days and these conditions did not increase the
germination of S. fomentosa or E. speciosa. These results may indicate that these seeds require larger fluctua-
tion of temperature than the applied or/and longer period of exposition to the temperature fluctuation. Blocking
experiments water inlet combined with SEM analysis of the structures of seed coat for both species showed that
besides the lens, the hilum and micropyle are involved in water absorption in seeds scarified with hot water. In
seeds of E. speciosa the immersion of scarified seeds into an aniline aqueous solution showed that the solution
first entered the seed through the hilum. Both species showed seed morphological and anatomical features for
seed coats of the subfamily Faboideae. Lignin and callose were found around all palisade layers and the water
impermeability and ecological role of these substances are discussed in the work. Rev. Biol. Trop. 63 (1): 285-
294. Epub 2015 March 01.
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Mature seeds of many plant species, par-
ticularly those in the Fabaceae, do not germi-
nate readily under favorable environmental
conditions because they are impermeable to
water and/or gases (Argel, & Paton, 1999;
Bewley, & Black, 1994). This type of imper-
meability is referred to by Baskin and Baskin
(2001) as physical dormancy and is caused
by a layer of palisade cells in the seed coat,
which have thick, lignified secondary walls

(macrosclereids) containing hydrophobic sub-
stances (Baskin, & Baskin, 2001).

In physically dormant seeds there are
specialized anatomical structures in the coat
that develop an opening where water can
enter (Gama-Arachchige, Baskin, Geneve, &
Baskin, 2013). Under natural conditions, it is
also known that temperature is an important
environmental factor that influences the break-
ing of physically dormant seeds (Kondo, &

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 63 (1): 285-294, March 2015 285



Takahashi, 2004; Jayasuriy, Baskin, Geneve,
Baskin, & Chien, 2008; Vazquez-Yanes, &
Orozco Segovia, 1982).

The family Fabaceae is the third largest
family of angiosperms and the second most
economically important family (Judd,Campbel,
Kellongg, Steens, & Donogue, 2009). Several
species of this group play a vital role in global
biogeochemistry because they have nodules
with nitrogen-fixing bacteria (Sprent, 2001). In
Brazil, this family is represented by about 190
genera and 2 100 species. Many of these taxa
play a prominent role in the floras of several
vegetation formations, especially those belong-
ing to the Atlantic domain (the Atlantic Forest
and other vegetation types along the Atlantic
coast), where they are important for their rich-
ness and abundance (Lima, 2000). However,
there are few studies about the reproductive
biology of species of Fabaceae (Brito, Pinheiro,
& Sazima, 2010) including those about seed
germination (Jayasuriy, Wijetunga, Baskin,
& Baskin, 2010). In addition, studies about
the physical dormancy of tree species from
the Brazilian Atlantic Forest are quite rare,
despite the Atlantic Forest being one of the
most threatened ecosystems in Latin America
(Myers, Mittermeier, Mittermeir, da Fonseca,
& Kent, 2000).

This study utilized two species of Fabace-
ae (subfamily Faboideae), Sophora tomentosa
L. and Erythrina speciosa Andr., which have
physically dormant seeds. Sophora tomentosa
occurs in restinga (Brito et al., 2010), which
is a sunny and windy environment near the sea
that has water and nutrient shortages (Bresolin,
1979). This species has autochorous and hydro-
chorous seed dispersal (Bechara, 2003), and
produces mature fruits throughout the year but
mostly in the summer (Dec-Feb) when there
is more rain (Brito et al., 2010; Nogueira, &
Arruda, 2006a). Erythrina speciosa is a neo-
tropical tree distributed throughout the South-
ern and Southeast regions of Brazil (Lorenzi,
2002). It is typically found in fluvial forest and
coastal moist plains, as well as flood-prone
habitats, and is always in open and secondary
formations (Klein, 1969; Medina et al., 2009).

This species has autochorous seed dispersal
and produces mature fruits at the end of spring
and beginning of summer (Lorenzi, 2002) dur-
ing the period of the year that usually has the
largest amount of rainfall.

This work focused on the following
aspects: 1) the structure and chemical compo-
sition of the seed coats, 2) the structure of the
region where water enters the seeds, and 3) the
effect of moderate alternating temperatures on
breaking the physical dormancy of the seeds.

MATERIALS AND METHODS

Collection of seeds: Seeds of Sophora
tomentosa were collected at Daniela’s beach
in July, 2009, and those of Erythrina speciosa
in a fragment of Atlantic Forest in November,
2009. Both areas are located in the municipal-
ity of Florianopolis, Santa Catarina, Brazil
(27°35°36” S - 48°35°60”” W). An approximate
quantity of one thousand seeds were collected
from numerous plants and used in the study.

Germination of seeds: Intact seeds were
sterilized by immersing them in 5% sodium
hypochlorite for five minutes and then washed
three times in distilled water. The seeds were
placed in transparent plastic boxes on two
sheets of filter paper (Whatman N°.1, What-
man International Ltd. Maidstone, England)
moistened with distilled water. Intact seeds
were incubated at 15°C, 20°C, 25°C, 30°C and
35°C and a 12h/12h alternating temperature
regime of 35°C/25°C, 30°C/20°C, 30°C/15°C,
25°C/15°C with a photoperiod of 12 hours.
Hot water scarified seeds were also incubated
under the same conditions but only at 30°C.
Four boxes, each with 20 seeds, were utilized
both for intact and hot water scarified treat-
ments for each temperature regime. Germi-
nated seeds were counted every two days for
20 days, when the percentage of germination
was stabilized. For scarified seeds, to check
the efficiency of the period of incubation in hot
water, previously weighed seeds in electronic
precision balance (Gehaka Model BG200, pre-
cision 0.001g) of both species were put in water

286 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 63 (1): 285-294, March 2015



at 98°C for 2, 3, 5, 7, 10, 15 and 20min, and
weighed (again after these periods, to verify the
increase of weight due to the water entrance.
The best period was considered to be the one
where the weight of seeds started to remain
constant. Based on these results, seeds of S.
tomentosa and E. speciosa scarified in water at
98°C for 5Smin and 15min, respectively, were
used in the experiments.

Identification of the site where water
enters the seeds: Hot water scarified seeds
had parts of the seed coats covered with Super
Bonder® glue. Sophora tomentosa seed coats
were blocked in the following regions: a)
micropyle plus hilum and lens, b) micropyle
plus hilum, and c) lens. Erythrina speciosa
seed coats were blocked in the a) micropyle
plus hilum plus lens, b) hilum, c) lens, d)
micropyle, e) micropyle plus hilum, and f)
micropyle plus lens. A control group was com-
prised of non-dormant, non-blocked seeds.
Twenty seeds were utilized for each treatment.
The seeds were placed in transparent plastic
boxes (11x11x3.5cm) on two layers of filter
paper with 10mL of distilled water. The boxes
were stored at 25°C with a photoperiod of 12h.
Incubated seeds were counted at two-day inter-
vals for 12 days.

Seed coat features: The hilar region of
five intact seeds of both species were cut with
a scalpel and fixed in 2.5% glutaraldehyde, in
a 0.IM sodium phosphate buffer at pH 7.2,
and dehydrated in a graded ethanol series. Sec-
tions that were 40um thick were cut using a
sliding microtome. Histochemical tests were
then made utilizing Sudan IV (2g/ ethanol 95%
100mL/gliceryne SmL) for suberin, cutin, oils
and waxes; acid phloroglucinol (1%) and iron
chloride for lignin (Costa, 1982); and toluidine
blue (0.05% toluidine blue en 100mL phos-
phate buffer 0.1M, pH 6.8) for polychromatic
reactions to lignin (blue-green) and cellulose
(reddish purple) (O’Brien, Feder, & McCully,
1965). The samples were examined under a
Leica DMLS MPS 30 light microscope and
images were taken with a Sony digital camera

cyber-shot, DSC-W180. For SEM analyses,
dehydrated pieces of five intact and five hot
water scarified seeds (S. fomentosa and E.
speciosa after Smin and 15min, respectively, in
water at 98°C) were dried according Horridge
and Tamm (1969) with a CO, critical point
dryer (Leica EM CDP 300). The dried samples
were adhered to aluminum stubs, with double-
sided carbon tape, and coated with 20nm of
gold using a Leica MS SCD500 sputter coater.
Samples were observed and documented using
a Jeol (model XL30 JSM 6390 LV) scanning
electron microscope. To verify the presence
of callose in the seeds, sections of non-fixed
samples, from the hilar and extra-hilar regions
of five intact seeds, were immersed in 0.05%
aniline blue with a 0.1M potassium phosphate
buffer at pH 8.3 (Ruzin, 1951). As a control,
some sections were immersed only in the
potassium phosphate buffer. The sections were
observed using an Olympus BX41 microscope
with a mercury vapor lamp (HBO 100) and a
blue epifluorescence filter (UMWU?2), at 330—
385nm excitement and 420nm emission wave-
lengths. Images were taken with a Q-imaging
digital camera (3.3 mpixel QColor 3C) and the
software Q-captures Pro 5.1.

Dye tracking of water movement in the
hilar pad: Forty seeds of each species (20
hot water scarified and 20 non-scarified) were
immersed in an aqueous solution of 1% aniline
blue (modified from Jayasuriya, Baskin, &
Baskin, 2007). After 15min, 30min and 60min,
five seeds of each treatment of each species
were transversely and longitudinally sectioned
through the hilum area. The sections (40pum
thick) were made with a sliding microtome and
observed under an optical microscope (Leica
MPS 30 DMLS); images were taken with a
Sony digital camera cyber-shot, DSC-W180.

A completely randomized design was used
for the germination experiments for data analy-
sis. Arcsine-transformed germination data were
analyzed using one-way ANOVA with the soft-
ware Bioestat (Ayres, Ayres, Ayres, & Santos,
2005). Tukey’s test was performed to compare
treatments after ANOVA.
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RESULTS

Seed germination: For intact seeds of
Sophora tomentosa and Erythrina speciosa
incubated at 30°C, the germination was around
13% and 2%, respectively, while 100% of the
scarified seeds of both species germinated. For
intact seeds of both species there was no germi-
nation at the lowest temperature tested (15°C)
with the exception of 1.66% in one experiment
using S. fomentosa (Table 1). At the upper
limit temperature (35°C) S. fomentosa seeds
germinated but those of E. speciosa did not.
The alternating temperatures studied did not
promote germination of the species in relation
to the constant temperature.

Identification of the site where water
enters the seeds: Treatments utilizing glue
to block the hilar region of scarified seeds
showed, for both species, that the lens, micro-
pyle and hilum are involved in water absorption
(Fig. 1). In non-blocked seeds of S. tomentosa
(Fig. la) treated with hot water, almost 100%

TABLE 1
Effect of temperature on the maximum percentage of
germination of non treated and treated (scarified) seeds of
Sophora tomentosa and Erythrina speciosa

Temperatures % Germination
(°O) Sophora tomentosa  Erytrina speciosa
Treated seeds

30 100 100

Untreated seeds
20/30 18 ns 3ns
30 13 ns 2 ns
20 9 ns 1 ns
25/15 10b I ns
25 8b Sns
15 Oa 0 ns
15/30 13b 3a
30 10b 10b
15 2a 0a
25/35 13b 11b
35 23b Oa
25 2a Sa

Letters compare vertically within each group of three
temperatures. (ns) means no statistically significant
difference. Tukey’s test (p<0.05).
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Fig. 1. Percentage of imbibed seeds of Sophora tomentosa
(A) and Erythrina speciosa (B) that were thermally
scarified (control) or had some regions of the blocked
after scarification. Bars indicate standard deviation. Letters
compare last day of incubation. Tukey’s test (p<0.05).

absorbed water after 10 days, but when the
hilar region was blocked only 10% of the seeds
absorbed water. When the hilum-micropyle
complex or when the lens was blocked, almost
90% of seeds absorbed water, showing that
all of these structures need to be blocked for
there to be a large reduction in water intake. In
heat-treated and non-blocked seeds of E. spe-
ciosa (Fig. 1b) about 90% had imbibed water
after 12 days, but when the hilar region was
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blocked only 10% of the seeds absorbed water.
In seeds where the hilum, lens, and micropyle
were blocked separately, 35%, 50% and around
90%, respectively, of the seeds imbibed water,
which indicates that the hilum and lens were
only partly effective in inhibiting water uptake
and the micropyle was completely ineffective.
However, during the first four days of incuba-
tion, blocking the micropyle greatly reduced

water uptake compared to seeds without a
blocked micropyle.

Seed coat features: In the seed coats of
S. tomentosa and E. speciosa the hilum, lens
and micropyle are in line, the lens and micro-
pyle are on opposite sides of the hilum, and
the middle of the hilum has a groove (Fig. 2a,
Fig. 2b, Fig. 2c, Fig. 2d). In S. tomentosa the

Fig. 2. Scanning electron micrographs (SEM) and optical micrographs (OM) of the seed coat of Sophora tomentosa and
Erythrina speciosa: (A and C) view of the region of intact seed; (B an D) view of the hilar region and lens slotted in
thermally scarifies seeds; (E) he intake of aniline blue in the lens of E. speciosa after 30min of soaking in dye (OM). Arrow
indicates the location where the ink enters the seed. Le, Lens; Hi, hilum; Mi,micropyle; Tb, tracheid bar.
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hilum covers the micropyle. The seed coat
structure of the two species is very similar and
consists of the extra-hilar region with one layer
of columnar palisade cells, one layer of osteo-
sclereids, spongy tissue and crushed cells. The
columnar palisade cells are covered by a thick
cuticle. In the hilar region there are two layers
of palisade cells, the counterpalisade layer and,
underneath, the palisade layer. A light line can
be seen at the top of the palisade layer in both
the hilar and extra-hilar regions. Tracheid bars
are visible in the spongy tissue. Histochemical
experiments showed that in the hilar region of
both species callose is present in the palisade
layer and lignin in the counterpalisade layer.
In the extra-hilar region callose and lignin are
also present in palisade layer, where lignin is
mainly in the basal portion of the columnar
cells and callose is mainly in the upper portion
of these cells. The cuticle reacted positively
to Sudan IV. The ultrastructural analysis of
the hilar region of S. tomentosa (Fig. 2a) and
E. speciosa seeds (Fig. 2c) revealed that in
all non-treated seeds the tissues of this region
remained intact with no disruptions. However,
S. tomentosa seeds thermally scarified with
hot water, showed cracks in the lens region
(Fig 2b). In scarified seeds of E. speciosa the
lens region ruptured and the hilum grove was
more extended compared to the control (Fig.
2d). Dye treatments used to visualize the water
movement in the hilar region were not conclu-
sive for S. tomentosa; however, in seeds of E.
speciosa the dye penetrated the lens and moved
toward the vascular bundle (Fig. 2e).

DISCUSSION

Studies of species from tropical forests
have shown that alternating temperatures of
15°C and 20°C (minimum) and 30°C and
40°C (maximum) effectively broke the physi-
cal dormancy of seeds (Souza, Voltolini,
Santos, & Paulilo, 2012; Vazquez-Yanes, &
Orozco-Segovia, 1982). It is known that spe-
cies exhibiting hard coat dormancy can differ
consistently in their responsiveness to tempera-
ture fluctuations depending on the amplitude

of temperature fluctuation, time of fluctuation
and presence or not of cumulative effects of
smaller fluctuations for a larger time (Moreno-
Casasola, Grime, & Martinez, 1994). In the
present work a maximum temperature fluctua-
tion of 15°C was applied during a period of 20
days and these conditions did not increase the
germination of S. tomentosa or E. speciosa.
Temperature fluctuation in Brazilian dunes can
be over 25°C (Franco et al., 1984) and the fluc-
tuation used for the species in this work may be
less than what is required or these species may
require a longer period of fluctuation. Species
that require a large fluctuation of temperature
or require the cumulative effect of exposure to
certain temperatures often only colonize bare
soil and open areas and are prevented from
becoming established in more stabilized areas
covered with vegetation (Moreno-Casasola et
al., 1994). This may be the case for the species
in this work, but further study is needed on how
the physical dormancy of these species is bro-
ken in the field, which would give more insight
into how factors in natural conditions exercise
a controlling influence on seed regeneration
of these taxa.

The lens has been reported as being the site
of initial water intake in physically dormant
seeds of Fabaceae species (Baskin, Baskin,
& Li, 2000; Morrison, McClay, Porter and
Rish, 1998; Serrato-Valenti, Vries, & Cornara,
1995; Souza et al., 2012). However, in seeds
of S. tomentosa, blocking only the lens or the
micropyle-hilum complex does not prevent
the entry of water into a scarified seed, which
indicates that both structures are equally related
to the entry of water. This is further supported
because there is a significant inhibition of the
entry of water into the scarified seed only when
these two structures are blocked. The SEM
analysis of E. speciosa showed that in scari-
fied seeds the lens ruptured, exposing partially
separated macrosclereids, and the opening of
the hilar fissure was wider than in non-scarified
seeds. Furthermore, the immersion of scarified
seeds into an aniline aqueous solution showed
that the solution first entered the seed through
the hilum. In agreement with these results, (Hu,
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Wang, Wu, Nan, & Baskin, 2008) observed
in Sophora alopecuroides evidence of water
intake through the hilum after sulphuric acid
scarification of seeds (which showed a wider
hilum fissure than non-scarified seeds) and
in seeds buried in the field. However, they
observed that depending on the time exposed
to sulphuric acid, or in the field, the lens and
extra-hilar region also become permeable to
water. Another structure that has been men-
tioned as being important to the entrance of
water in seeds of Cassia (Fabaceae), which are
physically dormant, is the micropyle (Bhat-
tacharya, & Saha, 1990; Paula, Delgado, Pau-
lilo, & Santos, 2012). For S. fomentosa and E.
speciosa in the present work, it was interesting
to notice that when only the micropyle was
blocked, in scarified seeds, the water uptake
was inhibited until the second and fourth day
(respectively) of seed incubation. This could
be explained by the fact that the hilum and
the lens are also involved in water absorption,
but participate less than the micropyle at the
beginning of imbibition, as proposed by Tai-
lor (2005) for physically dormant Fabaceae
seeds from Australian pastures. Difference in
water uptake between different water gap has
been also noted by Hu, Wang, Wu, Nan, and
Baskin (2008) and Hu, Wang,Wu, and Baskin
(2009). An interesting aspect of water imbibi-
tion observed in the present work, and already
observed by Hu et al. (2008) and Hut et al.
(2009), was the evidence that the water inlet
region can be different between initial and sub-
sequent soaking days.

For both species studied, the major fea-
tures of the seed coat were similar, despite the
differences in humidity and sunlight that occur
where they grow. In fact, as discussed by Souza
and Marcos-Filho (2001), the morphological
features of the Fabaceae seed coat are rela-
tively insensitive to environmental conditions
and contain distinct taxonomic features. Both
species showed seed morphological and ana-
tomical features for seed coats of the subfamily
Faboideae, as previously described by Corner
(1976), Kelly, Van Staden, and Bell (1992)

and Kirkbride, Gunn and Weitzman (2003),
such as the lens close to the hilum, the hilum
completely visible, and a funicular remnant
(rim aril) that is split down the middle length-
wise. In S. tomentosa the micropyle is covered
by the hilum as observed by Hu et al. (2008)
in S. alopecuroides. Lignin and callose, found
around all palisade layer(s), are reported to be
impermeable to water and would be respon-
sible for the impediment of water absorption
by the physically dormant seeds of Fabaceae
(Baskin et al., 2000; Ma,Cholewa, Mohamed ,
Peterson, & Gijzen, 2004; Varela, & Albornoz
2013) suggest the permeability of Anadenan-
thera colubrina var. cebil seeds to water is
because of the absence of lignin in the palisade
layer. Lignin is also ecologically important
because it protects the seed against predation
(Souza and Marcos Filho, 2001). According
to (Dalling Davis, Schutte, & Arnold, 1994),
the substances that confer hardness to physi-
cal dormancy also promote long-term seed
persistence and provide an effective barrier
against microbial access, particularly in warm
and moist environments where conditions are
most conducive to fungal growth. The need for
protection against predation occur in seeds of S.
tomentosa because the fruits of this species are
indehiscent and remain on the plant for several
months, which makes them and the seeds with-
in them more susceptible to subsequent preda-
tions (Nogueira, & Arruda, 2006b). In the case
of E. speciosa, a species found in wet areas
with autochorous seed dispersal, the seeds can
fall to the wet ground and stay there for a long
time. In this case, the presence of lignin is very
important because it prevents microbial access.
Strong seed coat impermeability also protects
against deterioration as seeds age (Brancalion,
Novembre, Rodrigues, & Marcos Filho, 2010).

ACKNOWLEDGMENTS

This study received financial support from
Coordenagdo de Aperfeicoamento do Ensino
Superior (CAPES), Brazil.

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 63 (1): 285-294, March 2015 291



RESUMEN

Requisitos para romper la latencia en semillas de
Sophora tomentosa 'y Erythrina speciosa (Fabaceae). La
latencia fisica de las semillas ha sido poco estudiada en las
especies de los bosques tropicales, como el bosque atlan-
tico. Este estudio tuvo como objetivo examinar el efecto de
las temperaturas moderadas alternantes en romper la laten-
cia fisica de las semillas, la anatomia y la histoquimica de
la cubierta de las semillas, y la localizacion de la estructura
o region responsable de la entrada de agua, después de
romper la latencia fisica de las semillas de Sophora tomen-
tosa 'y Eythrina speciosa, dos especies lefiosas de Fabaceae
(subfamilia Faboideae) que presentes en el bosque atlantico
de Brasil. Para cumplir con el primer objetivo se incubaron
las semillas a varias temperaturas que se dan en el bosque
atlantico. Para los estudios morfologicos e histoquimicos
se fijaron secciones de semillas sometidos a diferentes
reactivos y se observaron usando luz o microscopia de epi-
fluorescencia para analizar la anatomia y la histoquimica
de la cubierta de la semilla. Semillas tratadas y no tratadas
se analizaron también usando un microscopio electronico
de barrido (MDB) o microscopio estereoscopico (ME)
para observar la morfologia de la cubierta de la semilla.
Para localizar el sitio especifico de la entrada de agua, las
semillas fueron bloqueadas con pegamento en diferentes
regiones y también sumergidas en tinta. En el presente
trabajo se aplico una fluctuacion de temperatura maxima
de 15°C durante un periodo de 20 dias y estas condiciones
no aument6 la germinacion de S. tomentosa o E. speciosa.
Estos resultados pueden indicar que estas semillas requie-
ren mayor fluctuacion de la temperatura que la aplicada y/o
un periodo mas largo de exposicion a la fluctuacion de la
temperatura. Experimentos de bloqueo de entrada de agua
combinada con el analisis de las estructuras de la cubierta
de la semilla para ambas especies (SEM) mostré que, a
pesar de la lente, el hilio y micropilo estan implicados en
la absorcion de agua en las semillas escarificadas con agua
caliente. En las semillas de E. speciosa la inmersion de
semillas escarificadas en una solucion acuosa de anilina
mostrd que la solucion entrd por primera vez a la semilla a
través del hilio. Ambas especies mostraron caracteristicas
morfologicas y anatomicas de semillas con cubierta de la
subfamilia Faboideae. La lignina y callosa se encontraron
alrededor de todas las capas de empalizada y la imperme-
abilidad al agua y en el trabajo se discute el papel ecologico
de estas sustancias.

Palabras clave: latencia fisica, semillas, Fabaceae
tropicales.
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