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S u m m a r y

PALHARES D., TINE M. A., VINHA D., SILVEIRA C. E. DOS S. & ZAIDAN L. B. P. 2009.

Studies on the seeds of Smilax goyazana A.DC. (Smilacaceae). - Phyton (Horn, Aus-
tria) 49 (1): 117-130, with 5 figures.

Seed Smilacaceae - Although the genus Smilax presents a worldwide occur-
rence and occupies with a reasonable phytosociological dominance in a great variety
of ecosystems, the seeds are very exigent: germination occurs only after many weeks
to months under imbibition in a narrow range of optimal temperatures. In seeds of
Smilax goyazana, the combined effect in the seed germination of four regimens of
temperature, presence of photoperiod or constant darkness and previous exposition
or not to gibberellin was verified. Also, the content of water, proteins, lipids and
carbohydrates were measured. An anatomical study using standard technique was
carried out. The embryo is dispersed at an immature stage with a torpedo format. The
endosperm is made up of cells with thickened walls and with lipidic drops in the
vacuoles. The seeds are aphotoblastic and indifferent to an exposition to gibberellin.
The germination occurred only under constant temperatures between 25 °C and 30 °C.
The germinability was inferior to 40% and the temperature of 25 °C was more fa-
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vourable to germination than the one of 30 °C. The seeds present low water content

and are oleaginous. The polysaccharides are the second most abundant reservoir.

Zusammenfassung

PALHARES D., TINE M.A., VINHA D., SILVEIRA C.E. DOS S. & ZAIDAN L.B.P. 2009.

Studies on the seeds of Smilax goyazana A.DC. (Smilacaceae). [Untersuchungen an
Samen von Smilax goyazana A.DC. (Smilacaceae)]. - Phyton (Horn, Austria) 49 (1):
117-130, mit 5 Abbildungen.

Obwohl die Gattung Smilax ein Kosmopolit und in vielen unterschiedlichen
Ökosystemen pflanzensoziologisch dominant ist, sind die Samen dieser Gattung re-
lativ anspruchsvoll: Sie keimen nur nach einigen Monaten Imbibition und das in-
nerhalb eines schmalen optimalen Temperaturbereichs. In-dieser Arbeit werden die
kombinierten Effekte von vier unterschiedlichen Ansätzen - unterschiedliche Tem-
peraturen, Photoperiode oder Dauerdunkel, mit oder ohne Gibberellinapplikation -
untersucht. Der Wasser-, Protein-, Lipid- und Carbohydratgehalt wurde bestimmt.
Anatomische Untersuchungen zeigten, dass sich der Embryo zum unreifen Torpedo-
Stadium entwickelt. Das Endosperm wird von Zellen mit verdickten Zellwänden mit
Lipidtropfen in den Vakuolen gebildet. Die Samen reagierten weder auf un-
terschiedliche Beleuchtung, noch auf Gibberellinbehandlung. Sie keimten nur bei
konstanten Temperaturen zwischen 25 °C und 30 °C. Die Keimfähigkeit war unter
40% und die Temperatur von 25 °C war wesentlich besser für die Keimung als 30 °C.
Die Samen hatten einen geringen Wassergehalt und sind ölhaltig. Polysaccharide
sind der zweitwichtigste Reservestoff.

In t roduc t ion

The plants of the genus Smilax are dioicous monocotyledons that oc-
cur in tropical and subtropical areas of all the continents (ANDREATA 1980),
thus occupying a wide variety of ecosystems with a reasonable phytoso-
ciological dominance (MATALLANA & al. 2005). They accumulate steroidal
saponins in the rhizome, which are substances of pharmacological interest,
used in the production of medications and also as reagents in blood diag-
nostic tests (NAOUM 1990, BERNARDO & al. 1996, VERAS & al. 2005).

Paradoxically, in spite of the phytosociological dominance, the seeds
of many species of Smilax are exigent: germination takes several weeks to
months to occur, the optimal temperatures occur in narrow ranges and
there is a quick loss of viability if the seeds are imbibed in suboptimal
temperatures or exposed to formic acid, sulphuric acid or thiourea (POGGE
& BEARCE 1989, ROSA & FERREIRA 1999, ANDREATA 1980, ANDREATA & PER-

EIRA 1990, ANTUONO & LOVATO 2003). However, contrasting to the other

species, SANTOS & al. 2003 report, to S. japecanga, a germinability higher
than 80% with imbibition in gibberellin solution or scarification with
sulphuric acid before cultivation under constant 35 °C.

Notwithstanding, vegetative reproduction in plants of the genus Smi-
lax is highly improbable to occur. POGGE & al. 1974 tried to obtain roots
from cuttings of two common species in North America, S. rotundifolia and
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S. glauca, but achieved a success rate of less than 30%. Moreover, in S.
goyazana, the production of new plants from rhizome cuttings was not
possible (PALHARES & SILVEIRA 2005, PALHARES & ZAIDAN, submitted). Mi-
cropropagation in vitro has been successful in only one species, S. oldhami
from Japan (TAZAWA & SASAHARA 2003).

In the Cerrado of Central Brazil, a savannic vegetation, S. goyazana
presents a marked phytosociological dominance in the herbaceous layer
and is practically the only species of the genus Smilax that occurs in this
environment (MUNHOZ & FELFILI 2005, 2006, 2007), since other species from
the genus have only been cited occasionally in some floristic studies (AN-
DREATA 1997). Like the other species from the genus, S. goyazana accumu-
lates saponins in the rhizome, but not in the leaves (PALHARES & al. 2009).

The conditions for the germination of seeds of S. goyazana are not
known. Therefore, the objective of this study is to verify the conditions to
obtain germination of the seeds, to characterize the main reservoir sub-
stances and to relate the anatomical structure to the physiological beha-
viour observed.

Mater ia l and Methods

Mature fruits of Smilax goyazana A.DC. were collected from plants growing in
the Cerrado area of the Olimpic Center of University of Brasilia, a place of 160 ha
located between the co-ordinates of 15°46'S - 47°50'We 15°45'S - 47°51'W, providing
a representative flora of cerrado strictu sensu, according to the phytosociological
study of ASSUNCÄO & FELFILI 2004. Voucher specimens were deposited at the herbar-
ium of the University of Brasilia (UB) under the registration numbers of UB 15269
and UB 15270. The fruits were air dried at room temperature for 15 days. Following
this, the seeds were removed, cleaned in absorbent paper towels, dried at room tem-
perature overnight and stored for 2 to 12 months in dark and dry glasses at 8 °C be-
fore the studies.

Anatomy of the Seeds

Seeds were imbibed overnight in distilled water, transversely sectioned in the
medium portion, fixed in FAA50 for 48 hours, dehydrated in ethanolic series and in-
cluded in methacrylate resin (KRAUS & ARDUIN 1997). Sections up to 10 (im of thick-
ness in transversal and longitudinal plans were made in a rotatory microtome. After
adherence to slides, they were stained with methylene blue or neutral red, rinsed in
tap water, dried at room temperature and mounted with acrylic resin Acrilex*
(FANK-DE-CARVALHO & GRACIANO-RIBEIRO 2005, PAIVA & al. 2006).

Histochemical tests were then done in hand-free sections of imbibed seeds for
the detection of starch (with Lugol's iodine), phenolic compounds (with ferric chlor-
ide) and lipids (with Sudan IV). To confirm the observation of lipids, a negative
control was done, as follows: sections of seeds were immersed in ethanol-chloroform
solution (1:1) for 10 minutes under smooth shaking (1 part of seeds to 5 parts of sol-
vent). After filtration, the sectioned material was dried in an oven at 40 °C for about
10 minutes and then submitted to reaction with Sudan IV (JOHANSEN 1940, KRAUS &
ARDUIN 1997).



120

Seed Viability

Tetrazolium solution at 0.5% was prepared and stored in dark flasks under 8 °C
according DELOUCHE & al. 1962. For estimating seed viability, 30 seeds were put to
imbibe in distilled water at room temperature for 48 hours. The seeds were hand-free
sectioned close to the basis, showing the embryo and the endosperm. The sections
were immersed in the tetrazolium solution and kept in darkness at room temperature
for 6 hours. The seeds that presented with a red stained embryo and endosperm were
considered as viable (Fig. 1).

Effect of Gibberellin, Light and Temperature on Germination

The experiment was a factorial of 4 x 2 x 2 (thus, totaling 16 groups), each group
being made up of three repetitions of 20 seeds, for cultivation in BOD chambers.
The combined effect on the total germination of the seeds of four temperature regi-
mens (constant 20, 25, 30 °C and alternating 20-30 °C), absence or presence of pho-
toperiod (darkness or 12/12 hour photoperiod of white light at intensity of 100 (imol
quanta.m"2^"1) and exposure or not to gibberellin (gibberellic acid, GA3) was tested.
The seeds were sowed in Petri dishes covered by filter paper and kept humid with
distilled water. The darkness treatments were obtained by wrapping the Petri dishes
with aluminum paper.

For exposition to gibberellin, gibberellic acid (GA3) 1.6 mM was prepared with
dissolution in distilled water under vigorous shaking. The pH was adjusted to 6.8 to
7.0 with NaOH 0.01 N. The seeds were imbibed in the solution for 48 hours at room
temperature before being sowed.

Each four days, the germination of the seeds, defined as the protrusion of the
radicle, was observed. The darkness groups were observed in dark chambers illumi-
nated by green light (LABOURIAU & COSTA 1976).

The seeds of the 25 °C group were observed until 60 days of cultivation. The
seeds of the other groups that had not germinated after 45 days were put in BOD
chambers under a constant 25 °C with a 12/12 hour photoperiod and the germin-
ability was counted after another 60 days of cultivation.

Additionally, a 2 x 2 factorial experiment for cultivation in a glasshouse was
drawn. Each one of the four groups contained three repetitions of 20 seeds. The
combined effect of exposure or not to natural light and exposure or not to gibberellic
acid was tested. The temperature varied, during the experimental period, from 19 to
28 °C. The darkness treatments and the exposure to gibberellin were carried out as
described above. The seeds that had not germinated after 45 days were put in BOD
chambers under a constant 25 °C with a 12/12 hour photoperiod and the germin-
ability was counted after 60 days.

Statistical treatment was carried out after the transformation of the percentages
of germination into arcsin (in degrees). The transformed data was submitted to the
normality test of Shapiro-Wilk and then to ANOVA, being compared by Tukey's test
at 0.05 (MOTULSKY 1995, SANTANA & RANAL 2004).

Scarification of Seeds

Experimental groups of one repetition of 20 seeds each was weighed and either
mechanically (a small opening in the middle portion of the seed made with a needle)
or chemically (for 30 seconds, 1 minute or 3 minutes of immersion in sulphuric acid
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98%) scarified. The control group was made up of 20 intact seeds. The seeds were
then vigorously washed in tap water for some minutes, imbibed in distilled water for
48 hours, slightly dried in paper towel and again weighed for verification of the gain
of mass of water absorption. Then, the seeds were divided into two groups for ver-
ification of the tegument in the germination: one group was put in BOD chambers
under a constant 25 °C with 12/12 hour photoperiod and the other in a glasshouse,
whose temperature varied from 9 to 28 °C, under natural variation of light. Germi-
nation was observed each four days for a 45-day period.

Seed Viability after Exposure to high Temperatures

Exposure to high temperatures was done by immersion in boiling water for one
minute or exposure to a dry 80 °C temperature for one or three minutes according to
the experimental design of PALHARES 2004. Each group, consisting of 30 seeds, was
evaluated by the tetrazolium test. Statistical analysis was done as described above.

Germination in Cerrado Soil

Three repetitions of 20 seeds each were put in 200 mL plastic cups containing
sifted cerrado soil and kept moist in a glasshouse. After 45 days, the seeds were re-
moved for counting germination.

Small nylon bags with 20 seeds each (two repetitions for each depth) were bur-
ied during the rainy season in the cerrado area of the Olimpic Center of University of
Brasilia at depths of 5, 10, 20 and 50 cm. After 45 days, the seeds were removed for
counting germination.

Water Content

The water content of 50 seeds was expressed in percentages of fresh
mass and calculated through the difference of mass of seeds before and
after drying in oven at 105 °C according to TARRE & al. 2007.

Protein Content

Three repetitions of 100 mg of triturated fresh seeds were put in 2 mL of phos-
phate buffer pH 7.0 at 1% (m/v) at room temperature under vigorous shaking for two
hours. The material was centrifuged for one minute and the supernatant was added to
Bradford's reagent (BRADFORD 1976). Absorbance was read at 595 nm. Protein content
was calculated according to a calibration curve for a solution of bovine seroalbumin.

Lipid Content

Three repetitions of 1.0 g of triturated fresh seeds were put in a bag of filter
paper in a Soxhlet's extractor for 5 hours using hexane:ethanol 2:1 (v/v) as eluent.
After extraction of the lipids, the excess of eluent was removed in a dry oven under
40 °C for two hours. Lipid content was considered as the difference of mass measured
before and after the extraction (SILVA 1981).

Extraction and Carbohydrate Analysis

Three repetitions of triturated fresh seeds were put in distilled water at 80 °C in
the proportion of 1% (m/v) under vigorous shaking for 5 hours. For the precipitation
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of the polysaccharides, ethanol 80 °GL was added in the proportion of 3 parts of
ethanol to each part of extract. The material was decanted under 4 °C overnight and
then centrifuged at 20 g for 20 minutes.

The supernatant, containing the soluble sugars was dried at 40 °C and rediluted
in distilled water. The soluble sugars were quantified by the phenol-sulphuric
method in spectrophotometer at 480 nm, having glucose as a pattern (DUBOIS & al.
1956).

After drying under 40 °C, the sediment was re-suspended in distilled water,
frozen and lyophilized.

The polysaccharides were analyzed regarding the presence of arabinose, fruc-
tose, fucose, galactose, glucose, manose, saccharose, xylose and polyalcohols. Ac-
cording to CARVALHO & DIETRICH 1993 as follows: the lyophilized sediment was sub-
jected to acid hydrolysis with sulphuric acid: 100 uL of sulphuric acid 72% (p/p) were
added to the sediment under 30 °C for 45 minutes. Following this, 1.7 mL of distilled
water was added and the material was autoclaved for 1 hour. After acid hydrolysis,
the final volume was completed to 5.0 mL with distilled water and the pH corrected
to 7.0 with sodium hydroxide. The extract was filtered in anionic and cationic Dowex
resin and then analyzed regarding the released sugars.

The analysis of sugars was carried out by HPLC in a system SX-300, using a
Carbo-Pac PA1 column eluted with 0.25 mL.min-1 of isocratic NaOH 16mM. The
identification and measurement of sugars was made by comparison with the time of
retention obtained for known commercially available patterns of arabinose, fructose,
fucose, galactose, glucose, manose, saccharose, xylose and myoinositol.

Results

Anatomical Description

The seed is round-shaped (when only one seed is formed inside the
fruit) or plan-convex (when two or three seeds are formed inside the fruit),
with a diameter (or length) of about 50 mm. The embryo is dispersed in an
immature stage, in the format of a torpedo (Fig. 2). It is placed in the op-
posite pole of the hilum, at about 50 urn distance from the basis and with
about 120 urn of length and 45 urn of width being taken by a massive en-
dosperm. The endosperm is made up by cells of thickened walls containing
lipidic drops in the vacuole (Fig. 3). The seed coat is thin, presenting 3 to
5 um of thickness and is composed by a reduced testa and 4 to 5 external
layers of the endosperm, which present deposition of phenolic compounds
(Fig. 4). Starch or amyloid substances were not seen.

Effects of Temperature, Light and Gibberellin in Germination

The stored seeds presented, by the tetrazolium test, a viability of 65%.
The germination occurred only at constant 25 °C and 30 °C, but reached
less than half of the value estimated by the tetrazolium test (Table 1). The
temperature of 25 °C was more favourable than that of 30 °C. The exposure
to light or darkness did not interfere with germination, characterizing an
aphotoblastic response. In a same way, exposure or not to gibberellin did
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Fig. 5

at
io

r

cIU1J

Qi
OJ
•u

•s
3
£
3

3 0 -

2 5 -

2 0 -

15 -

10 -

5 -

0 -

. IC ö
/ ^

—•— 30 °C

• —•*

I

; /

/

Jß
/

/ » , »

/^ • '
K^ B̂ /

/ /
/ o %s"~

1 1 1 1 1 ' 1 1 1 1

Days of cultivation

Figs. 1-4. Seeds of Smilax goyazana A.DC. Fig. 1. Transversal section of viable seed
as seen after the tetrazolium test: the embryo and the endosperm stained red. Fig. 2.
Longitudinal section showing the immature embryo in a torpedo format. Fig. 3. De-
tail of the endosperm, after reaction with Sudan IV, showing the thickened cell walls.
Arrow-heads point lipidic drops inside the vacuoles. Fig. 4. Reaction with ferric
chloride showing the reduced testa (t) and an abundance of phenolic compounds in
the seed coat. Fig. 5. Cumulative germination of seeds of Smilax goyazana under the
temperatures of a constant 25 °C (n = 240) and 30 °C (n = 240).
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not alter the germinability of the groups. Germination started after 12 days
under temperature of 30 °C and after 16 days under that of 25 °C. After 44
days no more germination occurred (Fig. 5). The seeds of the groups of
constant 20 °C and 30 °C that had not germinated after 45 days and were
transferred to constant 25 °C presented a residual germinability: 3% in the
ones coming from 20 °C and 8% in the ones from 30 °C. The seeds of the
groups of alternate temperature and glasshouse did not germinate when
transferred to a constant 25 °C.

Table 1. Germinability of seeds of Smilax goyazana under the constant tempera-
tures of 20, 25 and 30 °C and alternate 20/30 °C, under light (12/12 hour photoperiod)

or darkness, imbibed or not in gibberellic acid 1.6 mM pH 7.O.

Germinability (%)

Photoperiod Darkness
Temperature Control Gibberellin Control Gibberellin

20 °C
25 °C

30 °C

20-30 °C

0a

12c
0a

0a
32b
13c
0a

0a
33b
10c
0a

0a
36b
10c
0a

Effect of Scarification

All the seeds scarified with sulphuric acid were infested by fungus
within 5 days and died. The mechanically scarified seeds presented a
blackish colour surrounding the lesion, suggesting phenolic oxidation. The
germinability was 8% when kept under a constant 25 °C. No scarified
seeds germinated in the glasshouse. The seeds scarified with sulphuric acid
tended to absorb more water than the control: after 48 hours of imbibition,
the control seeds enhanced 19.4% in mass, while the seeds scarified with
3 minutes of immersion in sulphuric acid gained 31.4% in mass. The fresh
mass of 1000 seeds was about 70 g.

Exposure to high Temperatures

All the seeds immersed in boiling water died. The viability reduced as
the time of exposure to high dry temperatures increased (Table 2).

Composition of the Seed

Table 3 resumes the composition of the seeds. The seeds present low
water content, low proteic content and are oleaginous. Polysaccharides are
the second most abundant reservoir compounds. Among the soluble sugars,
sucrose is the most abundant. For the proportion of sugars released, it is
probable that the polysaccharides are a mix of arabinoxylans and ga-
lactans.
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Table 2. Viability of seeds of Smilax goyazana after exposure to a dry 80 °C or
boiling water, as estimated by the tetrazolium test.

Control
1 minute - dry
3 minutes - dry
Boiling water

Viability (%)

65a
45ab
20b
0c

Table 3. Biochemical composition (mg.g l of fresh mass) of seeds
of Smilax goyazana.

Proteins

Lipids

Soluble carbohydrates
Sucrose
Polyol
Glucose
Fructose

Polysaccharydes
Xylose
Glucose
Arabinose
Galactose

60.0

250.0

60.0
49.0

4.8
3.5
2.6

140.0
52.0
46.0
21.0
21.0

Discussion

The anatomical data reflect the germination behavior observed. The
long time required for the commencement of the germination is probably
related to the immaturity of the dispersed embryo. In this case, a period of
post-maturation is likely to occur. So, considering that the germination
was less than half of what was predicted by the tetrazolium test, it is pos-
sible that adjustments in the protocol are necessary, but it can also indicate
that the long period of post-maturation can somehow affect the viability of
the seeds. Anyway, small immature embryos are also observed in other
species from the genus Smilax (GUAGLIANONE & GATTUSO 1991, ANDREATA

& MENEZES 1999).

The thick wall cells and the lipidic drops of the endosperm are, re-
spectively, the anatomical feature of the abundance of polysaccharides and
of the oleaginous character of the seeds. The fact of not having reacted
with Lugol's iodine also indicates that there are no xyloglucans (BUCK-
EEIDGE & al. 2000), as confirmed by other assays (data not shown).

In some seeds, the testa is a very well developed tissue (RAO 1979/80,
1986), but in S. goyazana it is reduced. In savannahs it is common plants
with seeds with dormancy related to the coat (MORRIS & al. 2000). In Cer-
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rado, plants with impermeable coat are common and in such cases, it is
necessary to remove the coats for the seeds to germinate (REDE DE SE-
MENTES Do CEKRADO 2003). In the seeds of Eugenia dysenterica, a fructuous
tree of the Cerrado, the seed coat is permeable to water, however, it pre-
sents inhibitory phenolic compounds and a small lesion in the seed coat is
necessary for the oxidation of the phenolic compounds and the subsequent
germination of the seeds (RIZZINI 1970). Again, certain Cerrado species,
such as Melilotus alba and Ageratum conyzoides present allelopathic phe-
nolic compounds, that can eventually inhibit the germination of their own
seeds (ZAIDAN & al. 1985, LADEIRA & al. 1987).

Although the seeds with the coats removed by sulphuric acid had ab-
sorbed more water, the intact seed coat is a protection for the seed. Prob-
ably, the phenolic compounds of the coat are microbicidal, as when it is
removed there is a quick deterioration of the seeds. The weakness of the
coat may also explain why the seeds of the Mediterranean species Smilaop
aspera, although swallowed by many species of birds, survive in only a fe,w
of the species, thus making them the effective dispersers (HERRERA 1981,
IZHAKI & SAFRIDL 1990, BARNEA & al. 1994).

The fruits of Smilax goyazana are edible and it is probable that the
dispersers are birds, lizards and ants, since the fruits remain mature at-
tached to the plant, which is typical for plants presenting such animals as
dispersers (HERRERA 1981). Myrmechory is observed in S. aspera, whose
seeds are intensely collected by ants, insects with a predilection to oleagi-
nous seeds (ARONNE & WILCOCK 1994). Also, there are reports of seeds of
S. brasiliensis germinating in anthills (ANDREATA 1997), indicating that
myrmechory is a common feature for the genus.

The soil is generally a very good thermal insulator (GAVANDE 1972).
Under just a few centimeters of soil, the temperature is not altered when
the vegetation is burned (COUTINHO 1978). Also, at about 20 cm depth, the
temperature is constant throughout all day long (GAVANDE 1972). So, the
myrmechory of the seeds together with laboratory findings led us to expect
that the seeds would germinate under the soil (KLEIN & al. 1996, SASSAKI &
al. 1999a, b, c, d, RONDON 2001): the ants would carry the seeds under-
ground where they would germinate. However, it was not observed. So, the
common presence of S. goyazana in the field together with the difficulty of
observing germination under natural conditions can lead to the conclusion
that a more complex ecological interaction is required for the germination
of the seeds in the environment (KAHN & UNGAR 1996). Not only S. goya-
zana but also many common species of the Cerrado present seeds with
difficult germination, indicating that in this ecosystem, the generation of
seedlings is the result of a complex ecological interaction (RUGGIERO &
ZAIDAN 1997, CESARINO & ZAIDAN 1998, CESARINO & al. 1998, SASSAKI & al.

1999d, REDE DE SEMENTES DO CERRADO 2003).
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In the Cerrado, seeds that break the dormancy after exposure to high
temperatures are very rare. In the opposite direction, in the Mediterranean
vegetation and in the Australian savannahs, seeds that require previous
exposure to high temperatures to germinate are very frequent (BORGHETTI

2000). The most common, in the Cerrado, is the presence of seeds that are
just resistant to high temperatures. The cell wall composition confers some
thermal insulation (PALHARES 2004), so that the thermo-resistant seeds re-
present an evolutive amelioration in this respect, with a biological limit
around 120 °C (HANLEY & al. 2001). Anyway, the seeds of S. goyazana do
not resist too long to high temperatures.

Just a few other species from the genus Smilax have been studied re-
garding the germination requirements. In five Brazilian species of Smilax,
the germinability was also higher under a constant 25 °C and the germi-
nation takes 40 to 100 days to start. Alternate temperatures and scarifica-
tion with sulphuric acid reduce seed viability. The seeds tend to be apho-
toblastic, with the exception of S. rufescens that presents a partial positive
photoblastism (ANDREATA 1980, ANDREATA & PEREIRA 1990).

The seeds of S. campestris, a common species in Argentina, present a
partial negative photoblastism and germinability higher than 80%, under
temperatures varying from 25 to 35 °C (ROSA & FERREIRA 1999). S. glauca and
S. rotundifolia, two common species of North America, are negative photo-
blastic and present germinabilty higher than 80% when kept under room
temperature. Germination takes 30 to 180 days to occur and the seeds do not
tolerate exposure to sulphuric acid, thiourea, formic acid nor imbibition
under suboptimal temperatures (POGGE & BEARCE 1989). S. aspera presents a
post-maturation period of more than one year under laboratory conditions
and the germinability is less than 50 %. Gibberellin did not alter the germin-
ability, but the seeds that were ingested by dispersing birds showed a higher
germinability (IZHAKI & SAFRIDL 1990, ANTUONO & LOVATO 2003).

In contrast to all these species, SANTOS & al. 2003 described, for S. ja-
pecanga, a higher germinability after mechanical or chemical scarification
and/or after imbibition in gibberellic acid. It is possible that the authors in
fact studied another plant, since they do not mention the deposition of
voucher specimens and S. japecanga is not considered a valid species in the
taxonomic review of ANDREATA 1997.

Regarding the biochemical composition, in the Cerrado, there seem to
be two great groups of seeds: one that accumulates proteins and lipids and
the other that accumulates carbohydrates: among the studied species,
protein content varied from 4.4 to 152 mg.g"1, the lipidic content, from 10
to 400 mg.g"1, and. the polysaccharid content reached up to 850 mg.g"1

(CARAMORI & al. 2004, MAYWORM & al. 1998, SILVA & al. 1998). Among the
polysaccharides, galactomannans are very common, while xyloglucans
appear only in some species (PANEGASSI & al. 2000, MATUDA & MARIA-

NETTO 2005). By the proportion of sugars that compose the polysaccharides



128

of the seeds of S. goyazana, it is possible that the xylose is linked to ara-
binose, forming an arabinoxylan. In such way, the species is in an inter-
mediary position, predominantly accumulating lipids and polysaccharides,
and with a lower content of proteins and soluble sugars.
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