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ABSTRACT

The seeds of Sisymbrium officinale are largely heterogeneous in mass and colour within the ripe fruit. In order to initiate the charac-
terization of the germinative process from these heterogeneous seeds, we have used two different seed lots (i.e. brown and light-brown),
and studied several physical and physiological properties and their possible influence on the germination rate. The most notable features
from this work were: (i) the mass of the brown seeds was higher than the light-brown ones, which imbibed more quickly; (ii) light seeds
contain much less mucilage (myxospermy) than do the brown; (iii) under optimal germination conditions for the brown seeds, the light-
brown ones germinated 6-fold less; and (iv) very similar profiles of germination stimulation was found in the presence of gibberellins (i.e.
GA 47)and ET in brown seeds, but both hormones were not capable of stimulating the germination in light-brown ones. As a general
conclusion, we have demonstrated the coexistence in ripe fruits of S. officinale of two seed lots with remarkable physiological and phy-
sical heterogeneity that could be used as a tool to increase our knowledge about the germination process.
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INTRODUCTION

The appearance of the seed, the propagule chosen by sper-
matophytic plants for their dispersion and propagation, has
great evolutionary implications, since this organ represents
the survival and perpetuation of the mother plant (Boese-
winkel and Bouman 1995). A typical seed of an angiosperm
contains an embryo (diploid) surrounded by an endosperm
(triploid; with two-thirds of its genome of maternal origin)
and a seed coat (diploid) (Raghavan 1986; Torres-Ruiz
1998). The endosperm is formed by live cells with high
metabolic activity, while the seed coat is comprised of a
tissue of maternal origin (i.e. ovular tissue), the cells of
which die during late seed maturation. Depending on the
species, the endosperm is visible in dry seed (i.e. endo-
sperm seeds) or else completely or partially disappears
during zygotic embryogenesis (i.e. non-endospermic seeds),
the cotyledons exercising the nutritional role of the embryo
(Friedman 1998; Forbis et al. 2002).

The seeds of most angiosperms are dormant at maturity,
and dormancy must be lost before germination can occur
(Bewley 1997a, 1997b; Finch-Savage and Leubner-Metzger
2006). The seed transformation from dormant (i.e. failure of
an intact, viable seed to complete germination under favour-
able conditions) to non-dormant stage is associated with
changes in gene expression and protein patterns (Cadman et
al. 2006; Chibani et al. 2006; Lee et al. 2006). The germi-
nation of a mature, viable, and non-dormant seed begins
with the gradual uptake of water, which has three phases:
rapid initial uptake (phase I, i.e. imbibition) followed by a
plateau in water uptake (phase II) and a further increase
after germination is completed, as the embryo axes elongate
(phase IITI) (Bewley 1997a; Manz et al. 2005). Dormant
seeds do not complete germination and therefore lack phase
III. The germination process ends when the radicle tip has
protruded through its covering structures (i.e. endosperm
and seed coat in endospermic seeds) (Bewley 1997b; Ku-
cera et al. 2005). Seed coat and endosperm rupture occur at
the micropylar level. Cell elongation of the radicle is neces-

sary and possibly sufficient for the completion of protrusion.
However, cell division is not essential (Barroco et al. 2005).
That is, the radicle protrusion depends on embryo expan-
sion, which is a process driven by water uptake and cell-
wall loosening (Koornneef ef al. 2002). In most endosper-
mic seeds (e.g. coffee, lettuce, tobacco, or tomato) the tis-
sue that constitutes the endosperm is a germination-limiting
barrier, and so that germination is completed the growth
potential of the radicle must be high enough to overcome
the resistance of the endospermic tissue (Bewley 1997a;
Koornneef et al. 2002; Leubner-Metzger et al. 2006). The
role of the seed coat as a germination constraint has been
studied by using testa mutants of Arabidopsis (Debeaujon
and Koornneef 2000; Koornneef et al. 2002). The seed coat
and endosperm rupture are temporally separated in model
plants as tobacco and Arabidopsis (Liu ef al. 2005; Leub-
ner-Metzger et al. 2006; Miiller ef al. 2006).

Environmental factors (i.e. light and temperature) and
phytohormones (i.e. gibberellins, GAs; abscisic acid, ABA;
and ethylene, ET) have been associated with the promotion
of germination of endospermic and non-endospermic seeds
(Hilhorst and Toorop 1997; Matilla 2000; Toorop et al.
2000; Koornneef et al. 2002; Kucera et al. 2005; Miiller et
al. 2006). Thus, two functions for embryonic GAs have
been proposed to be needed during endospermic-seed ger-
mination: (i) to increase the embryo growth potential; and
(i1) to overcome the mechanical restraint conferred by the
seed-covering layers by weakening of the tissues surroun-
ding the radicle (Hilhorst and Downie 1995; Koornneef et
al. 2002; Leubner-Metzger 2003; Bassel ef al. 2004; Yama-
uchi et al. 2004; da Silva et al. 2005). Nevertheless, GAs
can conduct the germination positively by means a yet well
known cross-talk with ABA and environmental factors (i.e.
light or temperature). Thus, light (i.e. red light) and low
temperature (i.e. 4°C) can modulate the spatial expression
pattern of GA biosynthetic genes. Recently, Yamauchi ef al.
(2004) demonstrated that a gene involved in GA biosynthe-
sis in seeds of A. thaliana was activated by cold stratifica-
tion at 4°C. The increase in tissue sensitivity to GAs during
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cold stratification is another factor that may be involved in
controlling seed germination (Derkx and Karssen 1993;
Koornneef ef al. 2002). In some seeds (e.g. Nicotiana at-
tenuata), GAs can replace red-light to trigger dark-germi-
nation (Schwachtje and Baldwin 2004). From recent evi-
dences in Arabidopsis it can be concluded that the GA re-
quirement for seed germination is determined by seed-coat
characteristics, embryonic growth potential and by embry-
onic ABA (Debeaujon and Koornneef 2000; Debeaujon et
al. 2000). The above and other recent data indicate that
GAs release coat and embryo dormancy, promote germina-
tion and counteract inhibitory ABA effects, directly or indi-
rectly.

Also, it has been demonstrated that ABA inhibits: (i)
phase-III water uptake but does not inhibit phase I or initial
embryo-extension growth (Homrichhausen et al. 2003; Frey
et al. 2004; Manz et al. 2005; Miiller et al. 2006); (ii) the
embryo growth potential and endosperm cap weakening
during coffee-seed germination (da Silva et al. 2004); (iii)
the endosperm rupture but not seed coat rupture in tobacco
and petunia seeds (Toorop ef al. 2000; Petruzzeli et al.
2003; Kucera et al. 2005). In seeds in which the seed-coat
and endosperm rupture is not easy to detect visually (e.g.
tomato), germination is also inhibited by ABA (Wu et al.
2000; Leubner-Metzger 2003); but deficiency in ABA in
sit”” mutant is associated with a thinner seed coat (Hilhorst
and Downie 1995; Toorop et al. 2000). On the other hand,
during development and germination of some seeds, ABA
and ET action appear to be antagonistic. Thus, it was pro-
posed that ABA increases tissue sensitivity to ET, affecting
seed germination, whereas ET may suppress seed dormancy
by inhibiting ABA action (Beaudoin et al. 2000; Gross-
mann and Hansen 2001; Koornneef ez al. 2002).

ET promotes germination and counteracts ABA effects
in many seeds (Kepczynski and Kepczynska 1997; Beau-
doin et al. 2000; Ghassemian et al. 2000; Matilla 2000;
Koornneef e al. 2002) and its production is higher in non-
dormant compared to dormant seeds (Matilla 2000). How-
ever, even though great progress has been made in eluci-
dating ET signalling, the mechanism(s) of ET action re-
mains to be explained in dormant and germinating seeds
(Kucera et al. 2005; de la Torre et al. 2006). ET biosyn-
thesis and sensitivity are both important for the germination
(Beaudoin et al. 2000; Siriwitayawan et al. 2003; Matilla et
al. 2005) and transcripts as B-1,3-glucanase or ACC-oxi-
dase, into others, are ET-altered during germination of
some seeds (Leubner-Metzger et al. 1998; Pretruzzeli et al.
2003a, 2003b; Puga-Hermida et al. 2003; Rodriguez-Gacio
et al. 2004). Summarily, although all findings until now
published support the view that ET can promote seed ger-
mination and counteract ABA inhibitory effects by interfer-

Fig. 1 Adult plant of S.
officinale.

ing with ABA signalling, cross-talk between ET and GAs
cannot be discarded (Kucera et al. 2005).

In the present study, wild mature dry seeds of Sisym-
brium officinale, collected in north-western Spain, were
used. In this species, seed-coat and endosperm rupture are
temporally separated at the beginning of germination and the
hormonal control of both process can be studied. This plant
is common in fields and path borders and can be identified
by its yellow flowers, basal leaves divided with a large and
round terminal lobe, and erect fruits held close to the stem.
S. officinale produces endospermic seeds housed into a fruit
which contains numerous heterogeneous in mass and colour
seeds (Fig. 1). Although the heterogeneity appears to be
related in some cases to survival, little is known about how
the seeds are affected physiologically (Puga-Hermida et al.
2003; Matilla ef al. 2005). To evaluate the impact of hetero-
geneity on the germination process of S. officinale seeds, in
this work we used two lots (brown and light-brown) of the
above seeds to investigate some of theirs morphologic cha-
racteristics and response to ET and GAs.

MATERIALS AND METHODS

Chemicals

Aminoethoxyvinylglycine (AVG), 1-aminocyclopropane-1-carbo-
xylic acid (ACC), paclobutrazol, silver nitrate, ruthenium red,
GA,7, and Co,Cl were purchased from Sigma-Aldrich (Spain),
whereas potassium nitrate was from Merck (Germany).

Plant material

Ripe wild seeds of Sisymbrium officinale were collected in Galicia
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Fig. 2 External aspect (A) and density (B) of brown and light-brown
lots of S. officinale dry seeds. Data are the means + standard error (S.E.)
of 3-4 independent experiments. Differences in density between lots were
highly significant (P<0.001) as determined by the LSD test.
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(north-western Spain) during July-August, 2006. Seed samples
were separated from ripe fruit residues (i.e. pedicel, replum and
valve) by means of a suitable sieve, divided into two populations
(i.e. brown and light-brown; see Fig. 2A) according to the colour
of seed coat, weighed in lots of 100 seeds (21.8 + 0.3 and 13.3 +
0.6 mg for dark and light, respectively) and stored at 21 + 0.2°C
before use in the germination tests. The brown:light-brown seed
ratio inside mature fruits was around 1.8 +0.1.

Germination experiments

Fifty seeds were put into plastic Petri dishes on two Whatman No.
1 filter paper discs moistened with 3 ml of 20 mM KNO; (control)
supplemented with solutions of gibberellin (GA4.7) and etephon
(ET), inhibitors of GAs (PC, paclobutrazol) and ET (AVG, Co,ClI)
synthesis and the inhibitor of ET signalling (NOs;Ag). The germi-
nation percentage was determined in a climate room (24°C, 16 h-
light/8 h-dark photoperiod). Seeds were not sterilized in order to
avoid influencing their dormancy status; however, by using light
microscope fungal infection was not detected. Radicle emergence
was taken as evidence of germination. For each experimental con-
dition, three replicates at least were used.

Water uptake

To study the water uptake rate, we took known weights of dark as
well as light-brown dry seeds and surface-washed them for 15 s in
distilled water. The seeds were then immediately placed onto filter
paper dampened with distilled water and kept under conditions
identical to those for seed germination. The seeds were rapidly
surface dried and weighed hourly, and then immediately replaced
to continue the imbibition phase. This process was repeated for 5 h.
The water uptake for each lot was considered as fresh weight
(FW) minus dry weight (DW) per mg of seeds.

Tetrazolium test

Intact seeds were incubated in a 1% (w/v) aqueous solution of
2,3,5-triphenyltetrazolium chloride (Merck, Germany) at 30°C in
darkness for 2 d. Tetrazolium salts are metabolically reduced to
highly coloured end products called formazans by NADH-depen-
dent reductases of the endoplasmic reticulum (Berridge ef al.
1996).

Ruthenium red staining to seed mucilage

Mucilage was detected in the seed basically as described by Wes-
tern et al. (2000). Whole seeds were allowed to imbibe on moist
filter paper for between 5 min and 1 h, before the application of
0.2% (w/v) aqueous ruthenium red solution. Seeds were photo-
graphed with an Olympus B061 stereomicroscope.

Statistical treatment

The data obtained here are the mean of at least three replicates.
The statistical treatment was based on a variance analysis and the
averages/means were compared using the least-significant- dif-
ference (LSD) test at P<0.05 (Steel and Torrie 1982).

RESULTS AND DISCUSSION

Seed development is not temporally uniform in any given
population, even when mother plants are grown in identical
environments. In short, a type of seed heterogeneity deve-
lops (Matilla et al. 2005). As a result of such heterogeneity,
populations of seeds with morphological differences (e.g.
colour, size, weight, or shape) appear, and some of these
differences can affect physiological properties (e.g. storage
capacity or level of dormancy) (Debeaujon et al. 2000).
Thus, some crucifer seeds do not mature synchronously in-
side the silique, but sequentially, and some pods shatter
before harvesting, resulting in a substantial loss of seeds
(Matilla 2007). Given that the heterogeneous character of
some seeds can affect germination (Khan et al. 1996;
Kantar ef al. 1996; Puga-Hermida et al. 2003; Matilla et al.
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2005; Luzuriaga et al. 2006), these heterogeneous lots of
seeds constitute a valuable tool in seed physiology to study
the endogenous factors that regulate germination. However,
the physiological and molecular basis of seed heterogeneity
is at present unknown.

Morphological and structural heterogeneity in S.
officinale seeds

The fruits of S. officinale, as with other crucifers described
previously (Imbert 2002), contain heterogeneous seeds that
we have divided into two lots to study (brown and light-
brown) attending to the colour of the outermost part of the
seed coat. The colouration of the seed coat in other crucifer
seeds studied is due preferentially to the accumulation of
flavonoid-type seed compounds (e.g. condensed tannins as
proanthocyanidins), which notably influence the seed-coat-
imposed dormancy in some species (Debeaujon and Koorn-
neef 2000; Debeaujon et al. 2000). The brown seeds of S.
officinale have a density of approximately 4.7-fold that of
the light-brown ones (Fig. 2B). Although the volume of the
light-coloured seeds is higher than that of the dark ones, the
great difference observed in the density is due primarily to
different weights between the two lots (i.e. 21.8 £ 0.3 and
13.3 £ 0.6 mg/100 seeds for brown and light-brown, respec-
tively). Once embryogenesis ends, the seed is a completely
autonomous organism. Nevertheless, in plant species that
produce a large quantity of seeds, this autonomy is not
equal in each seed. That is, as seeds are heterogeneous, cer-
tain differences affect physiological properties (e.g. storage
capacity and dormancy level) that can alter the speed and
timing of dispersion (Kigel 1995). The tetrazolium test
made in the brown lot of S. officinale showed that 100% of
the seeds were alive, while in the light-brown lot, only 40 +
7% were alive. This fact appears to indicate that the light
seeds had difficulties in their embryogenic process. Several
studies have demonstrated that such difficulty may be deter-
mined by, among other factors, a different intensity of nut-
rient unloading from the mother plant to the embryo (i.e.
seed filling) due to a positional effect of the seed in the fruit,
thereby affecting seed-size and viability (Fenner 1991; Gut-
terman 1992; Fenner 1993; Luzuriaga et al. 2006). That is,
seed-size variability is considered a phenotypical maternal
effect (Moles and Westoby 2006).

The brown and light-brown seeds of S. officinale are
also heterogeneous with respect to each other, given that the
former contain much more mucilage in the seed coat than
do the light ones. This characteristic (i.e. myxospermy) is
manifested in seed imbibition of both lots for a short
amount of time in the presence of ruthenium red, a colorant
which specifically dyes the mucilage (Fig. 3). The muci-
lage-producing cells are located in epidermal tissue of the
seed coat of some species, including those of the family

=

Fig. 3 Structure of light-brown and brown seeds of S. officinale. Whole
seeds were stained with ruthenium red as described in the Material and
Methods. Note red staining capsule of mucilage surrounding dark brown
seeds (B). No mucilage is visible around light-brown seeds (A).
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Fig. 4 Hourly water uptake during the first 5 h of imbibition of brown
(w) and light-brown (o) lots of S. officinale seeds. Data are means +
standard error (S.E.) of 3 independent experiments. Differences between
lots were significant (P<0.05) as determined by the LSD test.

Brassicaceae (Boesewinkel and Bouman 1995; Western et
al. 2000, 2004). When a dry myxospermous seed is placed
in an aqueous environment, the mucilage, extremely hydro-
philic and pectin-rich (Western et al. 2000), is released and
completely envelops the seed coat (Fig. 3). It was suggested
that mucilage extrusion results from the rapid expansion of
dried mucilage upon hydration, leading to a local breakage
of the cell wall. The nature of mucilage prior to release
upon imbibition and its functions when extruded around
seed are, at present, unknown aspects. However, mucilage
may be related to imbibition, seed dispersal, germination or
repair embryo DNA, among other ways (Huang and Gutter-
man 1998; Huang et al. 2000; Western et al. 2000, 2004;
Huang et al. 2007).

The germination capacity of some seeds is altered by
seed-coat characteristics (Debeaujon and Koornneef 2000;
Debeaujon et al. 2000). A controlled imbibitional water-
uptake allowed by seed coat components is necessary to
initiate the normal germination process. The study of the
water-uptake rate in brown and light-brown seeds indicates
that the light lot imbibed water more quickly than did the
dark lot (Fig. 4). The imbibition profile in the brown seeds

was linear and increased gradually over the study period (i.e.

5 h); however, the profile of the light seeds was sigmoidal,

reaching, at 60 and 180 min, values 1.3- and 1.6-fold grea-
ter, respectively, than those obtained for brown seeds (Fig.
4). Water uptake profiles from both lot seeds were asintotic
after five hours. One of the causes that could favour such a
sudden uptake of water in the light seeds could be related to
the absence of mucilage. Seed mucilage is a natural exam-
ple of a hydrogel and is an efficient absorber of water. It
was hypothesized that mucilage takes up water to increase
and stabilize water potential surrounding the seed, thereby
promoting efficient germination and seedling establishment
(Penfield et al. 2001). If the imbibition behaviour of the
brown seeds is as in 4. thaliana (Penfield et al. 2001; Wes-
tern et al. 2000, 2004), the initial hydration of S. officinale
seeds leads to the immediate release of mucilage, an event
correlated with breakage of the outer tangential cell wall of
the epidermal cell due to the rapid expansion of dried muci-
lage upon hydration. This very located cell-wall burst, toge-
ther with the mucilaginous external envelope, could facili-
tate a slow and controlled water entry. For demonstrating
this, a detailed microscopy study in the seed-coat would be
necessary. Besides the presence of mucilage, it is worth
mentioning that, although the volume of the light-brown
and brown seeds was very similar, the density of the two
lots was very different due to the notable mass of the brown
seeds (Fig. 2B). This flaccidity in light seeds could provoke
a quick imbibition in comparison to S. officinale brown
seeds, and thus the sigmoidal profile of water uptake (Fig.
4) should be justified. Very rapid imbibition alters cell per-
meability and prompts losses of solutes to the external me-
dium, triggering damage that can diminish seed vigour and
viability (Legesse and Powell 1992; Puga-Hermida et al.
2003).

The heterogeneity in S. officinale seeds affects
germination and hormonal sensitivity

The experiments to optimise the germination test are shown
in Table 1. This table reflects the strong dependence on
light and the presence of nitrate for rapid radicle emergence.
Light cannot be replaced by a stratification period (4°C),
even if nitrate (20 mM) is present (Table 1). Nitrate (0.8
mM), in association with light, promotes germination in
many species as Lolium rigidum Gaud. (Ellery ef al. 2003).
Radicle emergence in S. officinale can occur in the absence
of nitrate if light and ET are present; however, less time is
needed for emergence (Table 1). In this work, it has been
demonstrated that the ability to germinate under optimal
conditions (20 mM KNOs, 24°C and 16h light/8h dark pho-
toperiod) differs within two lots of S. officinale seeds stu-

Table 1 Effect of several treatments on germination percentage of S. officinale seeds. Data are mean
values of three replicates + S.E. Significant differences between values as assessed by LSD test

(P<0.05) are shown as different letters.

Treatment Germination (%)
24h 48 h 72h
- light
- nitrate (20 mM) 15+3a
- nitrate (20 mM) + ET (10 uM) 17+2a
+ nitrate (20 mM) 50+4b 100 ¢
+ nitrate (20 mM) + ET (10 uM) 100 ¢
+ nitrate (20 mM) + ET (50 puM) 100 ¢
+ nitrate (20 mM) + ST n.f.
+ light
- nitrate (20 mM) 100 ¢
- nitrate (20 mM) + ET (10 uM) 100 ¢
+ nitrate (20 mM) 70+8d
13+ 6a(LB)
+ nitrate (20 mM) + ET (10 pM) 95+4c
8+3a(LB)
+ nitrate (20 mM) + ACC (10 uM) 98+2c¢c
+ nitrate (20 mM) + GA 47 (100 pM) 100 ¢ 15+3a(LB)
+ nitrate (20 mM) + GA 447 (100 uM) + ET (10 pM) 15+3a(LB)

LB: light-brown lot; ST: stratification (ed, 4°C); n.f.: not found.
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died. Thus, at 24 h 6-fold more of the brown seeds germi-
nated than the light-brown ones, and the ET and/or the ACC
had a positive effect on the brown lot and negative over the
light. However, GA,+; strongly stimulated germination in
the brown seeds while hardly altering that of the light ones
despite that ET was present (Table 1). The low percentage
of germination in the light lot did not increase by stratifi-
cation, both in the absence as well as in the presence of
GA447, nor by a short scarification. Stratification in some
seeds affects the expression of genes involved in the syn-
thesis of physiologically active GAs (Yamauchi et al. 2004),
and also intensifies sensitivity to GAs (Derkx and Karssen
1993; Koornneef ef al. 2002). The absence of stimulation of
the germination of stratified light-brown seeds could imply
that GAs did not play a major part in the process or else that
these seeds have difficulty synthesising active GAs. By
molecular approaches currently under way in our laboratory,
we will soon be able to confirm or exclude this possibility.
With the aim of making a thorough study of the effect
of GA and ET on the germination rate of brown S. officinale
seeds, we quantified the radicle emergence in short time
periods. The protrusion began to be detectable between 17
and 18 h, reaching 100% at 25-26 h. This demonstrates the
speed of the emergence process in this lot. The presence of
GA,47 strongly stimulated the germination between 21 and
23 h; in fact, at 23 h the germination was 3.5-fold greater
than in control. However, at 26 h, germination reached
100% both in control as well as in the presence of GAy4;
(Fig. 5A). Conversely brown seeds, light ones have a great
positive response to GAy4.; reaching in its presence germi-
nation percentages of 2.5-8.5—fold higher than the control
(Fig. SB). The results of Figs. 5 and 6 indicate that both lots
of seeds present different sensitivity to GA and probably
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Fig. 5 Germination percentage of brown (A) and light-brown seed lot
(B) of S. officinale seeds in presence (striped bars) or absence (black
bars) of GA4:7. Data are means + standard error (S.E.) of 3 independent
experiments. Differences between GA treated and non-treated seeds in the
brown lot were significant (P<0.05) until 25 h; for the light-brown lot,
differences were significant except at 21 h (P<0.05) as determined by LSD
test.
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Fig. 6 Germination percentage of brown (A) and light-brown seed lot
(B) of S. officinale seeds in presence (striped bars) or absence (black
bars) of ET. Data are means + standard error (S.E.) of 3 independent
experiments. Differences between ET treated and non-treated seeds in the
brown lot were significant (P<0.05) between 19-24 h; for the light-brown
lot, differences were significant (P<0.05) as determined by LSD test.
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also different hormonal regulation of germination. A very
similar profile of germination stimulation found for brown
seeds in the presence of GA4; was also found in the
presence of ET (Fig. 6A). The fact that the kinetics in the
presence of ACC (the immediate precursor of ET) and ET
are similar shows that the brown seeds of S. officinale have
the capacity of oxidizing ACC (i.e. ACC-oxidase). This also
occurs in other crucifers (Matilla 2000; Rodriguez-Gacio et
al. 2004; Matilla et al. 2005). On the contrary, ET was not
capable of stimulating the germination in light-brown seeds,
which had a far lower germination capacity than did the
brown seeds (Fig. 6B); that is, the results appear to indicate
that the ET was strongly inhibitory. Although we cannot
discard that the light seeds have difficulties to oxidize their
endogenous ACC, the fact that the exogenous ET did not
accelerate its germination supports the assumption that this
hormone is not required for germination. In heterogeneous
turnip-tops seeds, the final step of the ET pathway was
altered concomitantly with the changes in germinating
capacity affecting the levels and expression of ACC-oxidase
(Puga-Hermida et al. 2003; Rodriguez-Gacio et al. 2004).
GA47and ET together were not capable, either, of boosting
the germination percentage of the light-brown seeds lot.

The addition to the germination medium of inhibitors of
ET and GA synthesis gives us an idea of the participation of
the two hormonal signals in the germination process of the
brown seeds of S. officinale. Thus, the AVG (inhibitor of
ACC-synthetase activity), Co,Cl (inhibitor of ACC-oxidase
activity), and NO;Ag (inhibitor of the bonding of ET to its
receptor) diminished the percentage of germination, particu-
larly when these compounds were added jointly (Table 2).
The presence of GA,4.; partially reversed the inhibition,
again demonstrating the preferential action of GAs in the
germination process. This last observation is supported by
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Table 2 Effect of several treatments on germination percentage (23 h)
of S. officinale brown-seeds. Data are mean values of three replicates +
S.E. Significant differences between values as assessed by LSD test
(P<0.05) are shown as different letters.

Treatment Germination (%)
control 40+3a
ET 75+8b
GA4+7 91+9¢
NOsAg 27+2d
AVG 25+4d
Co,Cl 35+3¢
AVG + Co,Cl 8+2f
AVG + Co,Cl + NOsAg 10£3f
AVG + Co,Cl + NOsAg + GA4+7 52+5g
NOs;Ag + GAsr 58+6¢g
AVG + Co,Cl + GA47 42+5a
PC 2+1h
PC +ET 3+1h

the total inhibition of germination in the presence of paclo-
butrazol, an inhibitor of GA synthesis (Table 2). However,
the fact that the reversal caused by GA4.;is not total, leads
us to conclude that, apart from the presence of GA, other
hormonal signals are needed for right radicle emergence.

CONCLUDING REMARKS

In this work, we have demonstrated several physical and
physiological differences between heterogeneous lots of
seeds from Sisymbrium officinale. The examination of the
causes of this different behaviour, concerning the hormonal
balance and physical requirements, complemented with a
molecular approach, could shed light on the processes
involved in germination for these species. Whether or not
this heterogeneity reflects an adaptative strategy to control
the timing and requirements for germination remains to be
investigated; as discussed earlier, it could be also a matter
of incomplete embryogenesis/maternal effect. In any case,
both these heterogeneous lots are dispersed from wild popu-
lations of this weed, and probably this seed heterogeneity
has a deep impact on the ecophysiology of this species.
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