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Introduction

One of the variety of factors determining the colonising
and competitive capacity of a given plant species is its
possibility of germinating when the environmental
conditions are suitable to guaranteeing the development of
the young plant, or of delaying germination when the
environmental conditions are adverse (Angevine and
Chavot, 1979). One of the most important mechanism by
which seeds may “detect” gaps in the vegetation is
regulation of the processes of dormancy and germination
by temperature, which may act independently of light
(Thompson and Grime, 1983; Derkx and Karssen, 1993),
and the presence in the soil of chemical compounds which
act as limiting factors (Tilman, 1980; Jornsgard et al., 1996).
Nitrogen may break dormancy in many species, both alone
and in combination with alternating temperatures and/or
light-dark cycles (Bewley and Black, 1982).
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Abstract

Imbibed seed of six common species from the Central West of Spain were placed in Petri dishes in moist soils and heated in ovens
set to 30oC, 50 oC and 100 oC for 0.5, 1, 4, 8 and 16 days. After heating, seeds were incubated for 35 days on a 10/14 dark/light
regime and germination was recorded. The same duration of heating treatment was applied to non-imbibed seeds. It was also
investigated the effect of nitrogen on germination, by applying NaNO

2
, NH

4
NO

3
, KNO

3
 and NH

4
Cl at five increasing concentrations

(1mM, 10mM, 25 mM, 50mM and 100mM). Temperature of 30oC was the most successful for germination of pre-imbibed seeds.
Dittrichia viscosa, Cistus albidus and Cistus ladanifer increased germination under the wet treatment. Germination is positively
correlated to soil water content for the aforementioned species and negatively correlated in Verbascum sinuatum. Germination was
higher after treatment at 30oC and 50oC that at 100oC for non-imbibed seed except for Cynara humilis and Cistus albidus. The
maximum temperature required to prevent germination varied among species and was variable with duration of heating. Fertilisation
with KNO

3
 and NH

4
Cl at 25mM and NH

4
NO

3
 at 10mM and 100 mM increased both level and rate of germination in most species.

Continuous darkness inhibited germination in all the species. The increase of temperature activates the germination of non-imbibed
seeds and also the increase of nitrogenous compounds in the field trigger the germination of nutrient-requiring species.

In arid climates, especially those of the Mediterranean
type, seed germination and plant growth are limited to
the favourable times of year when availability of space
for the establishment of new plants, sufficient supply of
water and mineral nutrients, and suitable temperatures and
hours of daylight, all coincide (Koller, 1969; El-Sharkawi
et al., 1989).

Many studies have reported that in arid enclaves fire
is an important factor creating gaps suitable for plant
species colonisation. In eliminating a great part of the
vegetation, fire leaves ash, which temporarily raises the
nutrient content of the surface soil creating the favourable
environment to be occupied by new species (Keeley and
Keeley, 1988; Thanos et al., 1989; Trabaud and Oustric,
1989; Whelan, 1988; Pugnaire and Lozano, 1997). The
heat of the fire stimulates the germination of certain
species which require this thermal treatment to eliminate
seed dormancy (Evans and Etherington, 1990; Buckland
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et al., 1997; Martínez-Chersa et al., 1997). It is thus natural
to expect that such species will show tolerance to thermal
shock, an activation of their germination under the effect
of high temperatures, a capacity to recover after imbibition
and desiccation (Buckland et al., 1997), and the possibility
of detecting gaps in the vegetation in which to establish
themselves.

Given the intimate relationship between the dispersed
seeds and the substrate lodging them, there could exist a
regulation of germination as a consequence of water
availability and soil temperature (Hegarty and Ross, 1980;
Evans and Etherington, 1990; Thompson et al., 1997). In
Southwestern Spain, most rain falls in sporadic rainfall
events during autumn and spring. In these environments,
most seeds remain at the soil surface or are shallowly
buried, so that seeds are likely to become imbibed with
water after every rain event but could dry out before the
next rains, affecting both the rate and the level of final
germination.

High soil temperatures can activate or inhibit
germination according to the intensity and duration of the
heat treatment that might range from low temperatures to
over 100oC (Zammit and Zedler, 1988; Keeley and Keeley,
1987; Pugnaire and Lozano, 1997). Likewise, the post-
fire addition of ash to the soil leads to a rise in soil N
content, in response to which some species may increase
their germination level (Grove et al., 1986; Johnson and
Elliott 1997).

In the present work, we tested the hypotheses that (i)
the application of high temperature dry heat to seeds of
six perennial species would promote their germination;
(ii) imbibition treatment of seeds and further desiccation
in soil at different temperatures would lead to a decline in
germination, and (iii) breaking the seed dormancy of six
perennial species is activated by nitrogen, so that this
element may act as a detection mechanism for gaps in the
vegetation, with the consequence that species capable of
responding to increased nitrogen levels will germinate
rapidly and increase in numbers in a given community.

Material and methods

a) Study area and plant material
The study zone was an open woodland formation of

Quercus ilex subsp ballota (Desf.) Samp. Located in the
vicinity of Badajoz, central-west Spain. The intermediate
stratum consists of multispecies Cistaceae scrub on a
very acidic substrate, with Cistus ladanifer L. and Cistus
albidus L. as the dominant species. These plants are
present in varied ages and sizes with a roughly random
distribution giving coverages of between 15% and 40%.
The lower stratum consists of numerous species
representing numerous botanical families, giving a
coverage of up to 85%. The species selected for the
present study were among the most representative and
abundant in both, the field sampled in particular and the
area in general, for which there is a lack of information
regarding the particular mechanisms involved in their
ability to colonise new environments: Verbascum
sinuatum L. (Scrophulariaceae), Hypericum perforatum
L. (Hypericaceae), Dittrichia viscosa (L.)Greuter
(Asteraceae), Cynara humilis L. (Asteraceae), Cistus

ladanifer (Cistaceae) and Cistus albidus (Cistaceae). Ma-
ture seeds were gathered at the end of the Summer in
1998 and stored in opaque envelopes at room tempera-
ture (12 ± 1 °C) for two months so as to provide a post-
harvest ripening that eliminates the innate dormancy. The
seed characteristics of each species are listed in Table 1.

b) Wet heat treatment
Seeds of each species were mixed and covered with

50g of soil in 10 cm Petri dishes. The soil was then watered
with 20 ml distilled water and the seeds were left to imbibe
for 2 hours at room temperature. After this imbibition
period, the water was drained from the dishes which were
then placed in forced air ovens at 30°C, 50°C, and 100°C
for 0.5, 1, 4, 8, and 16 days. Eighty seeds of each species
were used for each combination of time and temperature
in four replicates of 20 seeds. After the heat treatment,
the Petri dishes were watered with distilled water to the
field capacity of the soil and transferred to a greenhouse
with mean maximum and minimum temperatures of
32.6°C and 11.3°C, respectively, and a photoperiod regi-
me of 14 h daylight and 10 h darkness. These conditions
coincide with the natural day-length and temperatures in
the field over the time when seeds are more likely to
germinate (Cabezas-Fernández, 1991). We also estimated
the soil moisture content for each time and temperature
combination of drying. For this purpose, 20 Petri dishes
containing soil to which the same quantity of water had
been added as in the imbibition treatments, were placed
in the oven at each of the temperatures used for the
imbibed seeds. The wet weight of the soil was recorded,
as well as the weight after each of the drying periods (0.5,
1, 4, 8, and 16 days). The moisture content was calculated
as [(moist wt - dry wt)/(dry wt)] x 100 (i.e. expressed on
a dry weight basis rather than a total weight basis).

c) Dry heat treatment
Non-imbibed seeds of the six species were treated at

the same temperatures and for the same time periods as
those described in section (b), and the same number of
replicates were prepared per species and per treatment as
in the previous trial. The seeds were placed on sterile
cotton in Petri dishes rather than in soil and kept for 35
days in an incubator at 22°C during the period of light
and 18°C during the period of darkness. As controls, 80
untreated seeds of each species were sown in 4 replicates
of 20 seeds per dish and incubated for 35 days under the
same conditions as described above.

Table 1. Lengths, diameters, and mean weights of the seeds of the six
species.

SEED ATTRIBUTES

SPECIES LENGTH (mm) WIDTH(mm) MASS (mg)

Cynara humilis 6.95 4.11 6.08

Verbascum sinuatum 0.70 0.44 0.104

Hypericum perforatum 0.82 0.35 0.062

Dittrichia viscosa 1.93 0.49 0.326

Cistus albidus 1.53 1.04 1.18

Cistus ladanifer 0.97 0.55 0.22
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d) Application of nitrogenous compounds.
We did not use Cinara humilis in this and the following

experiment due to a lack of seeds for a sufficient number
of replicates.

The effect of nitrogen on germination was investigated
by applying nitrogenous solutions of NaNO

2
, NH

4
NO

3
,

KNO
3
, and NH

4
Cl at a series of five concentrations; 1 mM,

10 mM, 25 mM, 50 mM and 100 mM. These nitrogenous
compounds have previously been demonstrated to have
an effect on the germination of species from the Iberian
Peninsula (Pérez-Fernández et al., 1994). Table 2 lists the
values of the pH of the solutions used. For each of the
solutions, 80 seeds per species in replicates of 20 were
sown in 10 cm Petri dishes on sterile cotton as inert
substrate. The dishes were kept in an incubator at 24°C
and 18°C under a photoperiod of 14 h light / 10 h dark for
35 days.

e) Combined effect of darkness and fertilizer.
An additional experiment was performed to investi-

gate the combined effect of light and darkness and
fertilizer on germination. To this end, we followed the
same procedure as in the study of the effect of the
nitrogenous compounds on germination, but incubating
the seeds in darkness under identical temperature regimes.
The seeds used in this experiment were only exposed to
direct white light at the time of sowing. The weekly
germination counts were made under green light to avoid
the possibility of phytochrome activation and subsequent
germination (Corbineau et al., 1992; Hou and Simpson,
1993).

Daily counts were made of germination, taking the
protrusion of the radicle as the criterion for germination
(Baskin et al., 1993; Derkx and Karssen, 1993).

f) Data analysis
Data on percentages of germination were analysed by

one or two-way analysis of variance using StatView®

(1992-98 SAS Institute Inc) to determine the treatment
effects of temperature, length of temperature treatment
and nitrogenous compounds. Arcsine transformations were
performed on the percentages of germination data prior
to analyses. Where one-way ANOVA showed significant
effects at 5%, Fisher’s least significant differences were
determined for all replicates showing some germination.
A correlation analysis was performed to assess the degree
of association between soil water content and seed
germination.

g) Nomenclature
 Nomenclature of the scientific names follows Tutin

et al.,1964-80.

Results

a) Germination after wet heat treatment
For most of the species, we observed a twofold

influence on the final germination percentages of the
combined action of temperature and duration of heating
of seeds imbibed directly in the soil. In general, heating
at 50oC and 100 oC reduced seed germination relative to
the unheated controls. Figure 1 presents the final
germination percentages of the six species. The response
to temperature and duration of heating was variable at the
lowest temperature (30°C). The two Cistus species, Cistus
albidus and Cistus ladanifer, and Dittrichia viscosa were
the species that attained the greatest germination
percentages under the different combinations of tempera-
ture and duration of heating. Germination of Hypericum
perforatum was practically null, with seed germination
only at 30°C for 1 day and 100°C for four days.
Germination of Cynara humilis and Verbascum sinuatum
was always lesser in the seed treated at any of the
temperatures than that in the controls. The combination
of temperature and duration of its application which led
to the greatest germination percentages in D. viscosa, C.
albidus, and C. ladanifer were 30°C for practically any
period of time, and 50° and 100°C for four days in both
Cistus species (Figure 1). Statistical differences in final
percentages of germination were detected between the
control (non-treated seeds) and dry and wet heated seeds
(Figure 1).

The Asteraceae and Cistaceae treated at 30°C needed
the shortest time to initiate germination (Table 3); the
other two species required very prolonged times before
showing any germination. It was difficult to compare
the time lag required for germination between species
and length of  t reatment  of  the 50°C and 100°C
temperatures because of the low percentages observed.
The mean number of days required for the onset of
germination rose significantly (p < 0.005) in all species
with the treatment of imbibition in comparison with the
controls (Table 3). The percentage of water in soil
decreased with increasing temperatures. At 30oC the soil
los t  a l l  mois ture  wi th in  4  days .  Therefore  a t
temperatures of 50oC and 100oC the soil dried out much
quicker, needing only two days at 50 oC to dry out and
presumably less than that at 100oC.

Figure 2 shows the relationship between the soil
moisture content in the soil treated at 30°C for 0.5, 1, 4, 8
and 16 days and the germination of Dittrichia viscosa,
Cistus ladanifer, Cistus albidus, Verbascum sinuatum and
Cinara humilis. In the first three species, there was a clear
relationship between soil moisture content and seed
germination, with a greater germination percentage for
greater moisture content. On the contrary, V. sinuatum had
the opposite response, with germination decreasing as the
moisture content rose. In all five cases, the indices of
correlation were close to unity, suggestive of the high
degree of association between these two variables. There
was significant no relationship of either type for the
germination of Cynara humilis or Hypericum perforatum.
Neither did we detect any significant relationship between
the germination of the six species and the loss of moisture
from the soil at 50°C and 100°C.
b) Germination after dry heat treatment

1mM 10mM 25mM 50mM 100mM

NaNO2 6.25 6.55 6.57 6.55 6.60

NH4NO3 6.15 5.80 5.53 5.36 5.30

KNO3 6.13 5.76 5.83 5.86 6.01

NH4Cl 6.10 5.65 5.76 5.30 5.83

Table 2. Values of the pH of the nitrogenous solutions of NaNO
2
,

NH
4
NO

3
,KNO

3
, and NH

4
Cl at five concentrations.
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The final germination percentages of the seeds that were
heat treated without any prior imbibition were far greater
than those of seeds which were imbibed before heat
treatment (Figures 1 & 3). In Dittrichia viscosa, Hypericum
perforatum, and Verbascum sinuatum, the greatest
germination percentages were attained in seed heated at
30o C and 50 o C independently of the length of time the
treatment was applied (Figure 3). Cistaceae seeds reached
their optimal germination, which was far greater than for
the controls, at the temperature of 100°C applied for 4 days.

The species which initiated their non-soaked
germination in the shortest space of time were Dittrichia
viscosa and Cistus albidus. The remaining species required
a longer period of time for the onset of germination.
Hypericum perforatum took the longest for the onset of
germination (Table 3).

 c) Germination after application of nitrogenous compounds
Final germination percentages
Significant differences were found in the final

germination percentages between species, treatments, and
concentrations of nitrogenous compounds (Figure 4). The
germination of Dittrichia viscosa was slightly activated (no
significant differences) by KNO

3
 and NH

4
Cl at 10, 25 and

50 mM and inhibited by the highest concentrations of
NaNO

2
 NH

4
NO

3
. The germination response of Verbascum

sinuatum was similar in all the treatments except for NaNO
2

at 25, 50 and 100 mM, KNO
3
 at 50 mM and NH

4
Cl at 10

and 50 mM. The most heterogeneous response was found
in Hypericum perforatum. Watering with distilled water
applied to the controls leaded to a 40% of germination,
which was similar to that of watering with NaNO

2
 at 1 mM

and KNO
3
 at 10 mM. The NH

4
NO

3
 solution applied at

increasing concentrations significantly augmented
germination, with the greatest response at 100 mM.
Germination of this species treated with the remaining salts
at any of the concentrations reduced final percentage of
germination. The germination of Cistus albidus was only
significantly increased with the concentration 25 mM KNO

3

and NH
4
Cl. Concentrations of 25, 50 and 100 mM of

NaNO
2
, as well as for 1 mM of KNO

3
 significantly inhibited

germination. No statistically significant differences were
detected in Cistus ladanifer germination, although there was
a clear inhibition of germination when seed were treated
with the concentrations 50 and 100 mM of NaNO

2
 and

KNO
3
, and 25, 50 and 100 mM of NH

4
NO

3
.

Number of days for the onset of germination
There was a similar behaviour in the five species

regarding the number of days to start germination. The
greater the activation of germination by a particular
combination of salt and its concentration, the fewer days

Figure 1. Germination percentages of various species subjected to imbibition in soil and dried at 30°C, 50°C, and 100°C for 0.5, 1, 4, 8, and 16
days. Control = non-dried seeds. Missing values not shown are 0% germination. Letters on top of the columns represent significant differences
between and within treatments, including the control, after a multiple range test performed after the ANOVA.
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Figure 2. Relationship between seed germination and soil moisture content after treatment at 30°C for 0.5, 1, 4, 8, and 16 days of drying.
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30º 50º 100º

SOAKED C 0.5 1 4 8 16 0.5 1 4 8 16 0.5 1 4 8 16

Verbascum sinuatum 3a 16b 21.5b 12b 18b 19b —b —b —b 12c 12.3c —b —b —b —b —b

Hypericum perforatum 7.5a —b —b —b —b —b —b —b —b —b —b —b —b 25.5c —b —b

Dittrichia viscosa 2.5a 3.2a 3.5a 5.7b 6b 6.5b 11.2a/b 8.2a/b 6b 11.7b 16b 25.5c —b 7b —b —b

Cinara humilis 5a 6.6b/c 7.3c 4a 9.3d 6b/a —b —b —b —b —b Ø Ø Ø Ø Ø

Cistus albidus 3.5a 4a 6.2a —b 6.3a 9a 14b 25c —d —d —d —b —b 13a —b —b

Cistus ladanifer 2.7a 5.5a/b 7a 4a/b 2.2a 13.7b 14.7b 2.5a —c —c 23d —b —b 12.7c —b —b

NON-SOAKED C 0.5 1 4 8 16 0.5 1 4 8 16 0.5 1 4 8 16

Verbascum sinuatum 3a 10b 7.7a 8.2a 7.7a 5.7a 7a 7.5a 8.5a 7.5a 11b —b —b 12.7c —b —b

Hypericum perforatum 7.5a —b 14.2c 10.3a/c 13.5c 22c —b —b 23c 17.2c 15.7c —b —b 19.6c —b —b

Dittrichia viscosa 2.5a 4.5b 5b 5b 4.5b 4b 6.7b/c 10c 4b 7.5c 7b —b —b 16.5c —b —b

Cinara humilis 5a 4a 6a 19b 8a 8a —b —b —b —b 11b Ø Ø Ø Ø Ø

Cistus albidus 3.5a 5a 2a 6a 3a 12b 6a 18.5b 4a 6a 16b —b —b 9.5c —b —b

Cistus ladanifer 2.7a 6b 4.5a/b 6.7b 6b 6.5b 16.5b 22b 24.3b 5.6a 10b 19b 21b 6.5a —c —c

Table 3. Mean number of days required for the onset of germination of six species subjected to two treatments,  imbibition in soil and dried at 30°C,
50°C, and 100°C for 0.5, 1, 4, 8 and 16 days, and dry heat treatment at the same temperatures and for similar periods of time. (C = control).

Figure3. Germination percentage of various species subjected to dry heat treatment (300C, 500C and 100 0C) for 0.5, 1, 4, 8, and 16 days. Missing
values correspond to 0% germination. Letters on top of the columns represent significant differences between and within treatments, including the
control, after a multiple range test performed after the ANOVA.
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required for its onset (Table 4). Table 5 includes p vales
after significant ANOVA. The fastest germination was for
D. viscosa which needed only an average overall number
of 5.2 days to initiate the germination under the
nitrogenous treatments. This species was followed by C.
ladanifer and V. sinuatum, species that needed an average
of 6 and 7.5 days, respectively to start germination
respectively. There was a lag in the onset of germination
in C. albidus and H. perforatum, with values that were
always greater than those achieved with the control
treatment (11 and 15.8 days respectively).

d) Combined effects of nitrogenous compounds and
darkness

The seeds of only three species germinated in darkness:
D. viscosa, C. albidus, and C. ladanifer (Figure 5). In none
of the cases,  however,  did the final germination
percentages surpass the percentages attained in the trial
under alternating light and darkness. The statistical
comparison between the final percentages in light and
darkness showed highly significant differences (p<
0.00001; F =1.6332). The most noticeable feature of these
results is that in none of the three species did the control
seeds germinate.  The application of nitrogenous
compounds in darkness did activate germination, while
darkness alone contributed to seed dormancy.

Discussion

The effect of temperature treatments on the pre-
imbibed seed germination was not linear. The combined
effect of heat and length of its application may have
several explanations. Rapid decline of the water potential
in the soil during the drying treatments would explain the
fall in the final germination percentages of three species,
Dittrichia viscosa, Cistus albidus, and Cistus ladanifer.
The decline in water potential is detrimental in itself, and
it also increases the rate of water loss from seeds. This
loss of water in the seed then acts inhibiting germination
since it is accompanied by deterioration of the cell
structures (Hegarty and Ross, 1980; Thompson et al.
1997). It has occasionally been observed that, even in wet
media, the conditions at the surface are more severe for
germination than at a few centimetres depth, due to the
moisture fluctuations at the soil/air interface which result
in unfavourable conditions for germination (Evans et al.,
1967; Mott, 1974). In the case of the species which
germinate in the controls but not in soil, the present case
is similar to that described by Harper and Benton (1966)

for Helichrysum cassinianum. The germination of this
species is favoured over other species since it can modify
the tension at the seed/soil interface thanks to the presence
of hairs (Mott, 1974). This is also the case for the seeds
of D. viscosa. Such pattern of behaviour, however, was
not followed by C. humilis, an Asteraceae with villi. This
is probably because the villous coat of the seeds had been
removed, so that it was not available to act as a water-
retaining agent.

Germination percentages of the controls of Cistus
albidus were very low, most likely because the seeds had
not attained their physiological (Vleeshouwers et al.,
1995) and/or environmental requirements for germination.
These requirements are different from the combinations
of light and temperature in the incubator in which the seeds
were kept for germination after the different treatments.

The differences observed in the germination of the
seeds treated thermally without prior imbibition indicate
that this treatment induces the germination of the Cistaceae
seeds, especially Cistus ladanifer, as has been reported
for other species of this genus (González-Rabanal and
Casal, 1995; Pugnaire and Lozano, 1997). Likewise, the
50°C dry heat treatment applied for any of the lengths of
time activated Dittrichia viscosa, Hypericum perforatum,
and Verbascum sinuatum germination. Only a low
percentage of germination was achieved by pre-imbibed
seeds of V. sinuatum. Nevertheless, that some germination
was achieved and that this increased with decreasing soil
moisture content, together with the final germination
percentages reached in the dry heat treatments without
imbibition, are indications of coherence in the present
results. Heat treatments activate germination in this
species, proving that germination after imbibition in the
soil is the result of the loss of water and subsequent baking
of the soil, which is what induces germination rather than
any relationship with the moisture content of the soil.

The application of nitrogenous compounds led to high
germination percentages in the six species. The response

NaNO2 KNO3 NH4Cl NH4NO3

C 1 10 25 50 100 1 10 25 50 100 1 10 25 50 100 1 10 25 50 100

Verbascum sinuatum 3a 3a 3.5a 5.5a 18b 30b 4b 3a 3.5a 3a 3.5a 3.5a 3.5a 5b 5.5b 4a 3.5a 3.5a 3.5a 18b 30b

Hypericum perforatum 7.5a 16b 7.5a 17b 30c 30c 7a 15b 10b 15b 27c 12.5a 15b 11.5a 16.5b 30c 11.5a 12a 7.5a 12a 13a

Dittrichia viscosa 2.5a 3a 3a 4.75a 7.2b 25.75c 3.25a 3a 3a 3a 3a 2.7a 3a 2.7a 3.75b 6.5c 3a 3a 4.5a 7.5b 8.5b

Cistus albidus 4a 5a 5a 30b 30b 30b 30b 7a 4a 11a 6a 3a 6a 5a 4a 17.5b 3a 6a 5a 3a 8a

Cistus ladanifer 3.75a 2a 3.5a 4.25a 6.25b 30b 2a 4.75a 3.25a 6.25a 18.25a 3.25a 2a 5b 5b 4a 2.5a 3a 4.75b 4.5a 4.5a

Table 4. Days for the onset of germination under control conditions and under four different nutrient solutions at five concentrations (mM). Diffe-
rent letters in the same row indicate significant differences between treatments. (C = control).

NaNO2 KNO3 NH4Cl NH4NO3

Verbascum sinuatum 0.0346 0.0498 0.0498 0.0173

Hypericum perforatum 0.0306 0.0089 0.0105 0.7035

Dittrichia viscosa 0.0001 0.3663 0.0001 0.0001

Cistus albidus 0.0001 0.0058 0.0493 0.5995

Cistus ladanifer 0.0001 0.0082 0.0004 0.0358

Table 5. p values after ANOVA comparing the number of days needed to
start germination by seeds in the  control and seeds germinated in four
different  solutions.
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Figure 4. Final germination percentages of the five species after application of NaNO
2
, KNO

3
, NH

4
Cl, and NH

4
NO

3
 at concentrations of 1 mM, 10

mM, 25 mM, 50 mM, and 100 mM. Missing values not shown are 0% germination. Letters on top of the columns represent significant differences
between the control and the five concentrations of each treatments after a multiple range test performed after the ANOVA.
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of Dittrichia viscosa and Verbascum sinuatum was to
considerably reduce the number of days required to initiate
germination. Fast germination confers to these species an
advantage in colonising gaps in the vegetation as it has
been seen in the field (personal observation). High
concentrations of NH

4
NO

3 
clearly breaks dormancy of

Hypericum perforatum.  Breaking of dormancy by
ammonium nitrate can operate as a gap detection
mechanism for this species. This mechanism has been
observed in annual species that can detect potentially
competing plants (low levels of nitrogen in the soil) and
inhibit germination until these plants disappear (increase
in the levels of nitrogen in the soil) (Bewley and Black,
1982; Pons, 1989).

The two Cistaceae, showed nitrogen-regulated
germination (very evident in Cistus albidus), with a
reduced and delayed germination at increasing fertiliser
concentrations. The mechanism by which the seed detects
variable concentrations of nutrients in the soil might be
related to the pH of the medium. In the field, Cistus
ladanifer and C. albidus grow on highly acidic soils. The
addition of the solutions employed here, although they
were slightly acidic, tended to raise the pH. Therefore, as
postulated by Mustar and Cowling (1993), the actual
distribution of plant species may have as one of its basic
explanations the relationship with the characteristics of

the substrate housing the seeds at the moment they begin
to germinate. Thus an excessive rise in pH would induce
a decrease in germination. On the other hand, as suggested
by Pons (1989), the nutrient balance provides the ideal
conditions that the seeds must identify as being suitable
or not to ensure the establishment of plants, so that the
availability of nutrients in the medium results in an
increased germination. With this in mind, together with
the present results, one can state that in C. albidus and C.
ladanifer there is regulation of germination by the
presence of nitrogen, whether in the form of nitrate or
ammonium ion. This regulation may act as a mechanism
for the detection of inhospitable conditions. This adds
nitrogen to the environmental factors that seeds use in
detecting potential  competition from previously
established plants (Tilman, 1980; Thompson and Grime,
1983). Also, for the specific case of these five species, as
is common in other herbs of Mediterranean-type
environments (Boojh and Ramakrishnan, 1982; Juan et
al., 1995), there is also the necessity for light, since its
elimination led to an inhibition of germination which was
total in the particular cases of Verbascum sinuatum and
Hypericum perforatum.

In view of these results, one may picture a possible
field situation, which indeed coincides with direct
observations in the ecosystems in which the selected

Figure 5. Germination percentages of the species germinated in darkness as influenced by 1, 10, 25, 50 and 100 mM nitrogen solutions.
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species are found. In zones unaffected by any kind of
perturbation, there is a homogeneous spatial distribution
of water, which provides the conditions needed for the
germination and establishment of species. Thus, when the
temperatures at the level of the soil are not very high,
there occurs a very rapid germination and growth of
species that have few pre-requisites for their germination.
That is the case observed in the controls and the heat-
treated seeds where they had sufficient moisture supply.
D. viscosa, C. humilis and V. sinuatum act as first
colonisers, creating softer environments and safe sites for
the germination and development of herbaceous species.
Annuals find under the canopy of these three perennials
shelter against excessive light.

As temperatures rise during the summer season,
available water in soil declines; thus only the species with
particular anatomical characteristics suited for retaining
water will be able to germinate. In the likely event of a
fire (or there being a prolonged and high degree of baking
of the soil), species in the Cistaceae will be the first to
germinate and will do so in greater proportions, since they
best resist both drought and heat stress. The Cistaceae
Family is one of the best-represented botanical families
in the ecosystems of the central-west of the Iberian
Peninsula. The capability of their seeds to germinate after
a heat shock ensures the presence of vegetation when no
other species can colonise perturbed soils or soils with
very little humidity. One of the roles of the Cistus species
in the studied ecosystems is to guarantee the permanence
of plant communities under stressful conditions of high
temperatures and extreme drought.

When the vegetation is abundant, there is little
nitrogen available in the soil. Adult plants in community
use the nitrogen, depleting it. The dense vegetation also
reduces the amount of light reaching the substrate. Thus,
reduced nitrogen and diminished light, impede the
germination of the species studied. When the above-
ground biomass is removed, the available nitrogen in the
soil rises together with the amount of light reaching the
soil. Both of these are factors required for germination.
In the event of a fire, it eliminates of the above-ground
biomass, and simultaneously adds ashes to the soil,
contributing to increasing the nitrogen content and soil
pH. Under these circumstances, practically all of the
species we studied will germinate. The isolated or
combined effects of a fire, such as the increase of soil
temperature, the acceleration of the loss of soil moisture,
and the rise in nitrogen concentration in the soil, would
provoke a rapid germination of all of the species.
Presumably, however, such effects would be more
promotive in Cistus albidus, Hypericum perforatum, and
Verbascum sinuatum, since these are the species that have
most constraints on the germination of their seeds.

Acknowledgements

This work was supported by grants from Junta de
Extremadura (Spain), Project Nº IPR98A010 and from
Ministerio de Ciencia y Tecnología (Spain), Project nº
REN2001-0749/GLO. Authors also thank ADICOMT for
logistic support.

References

Angevine, M. W. & Chavot, B. F. 1979. Seed germination syndromes
in higher plants. pp 188-206. O. T. Solbring, S. Jain, G. B.
Johnson and P. H. Raven (eds.) Topics in Plant Population
Biology. Columbia University Press.

Baskin, C.C., Chesson, P. L. & Baskin, J. M. 1993. Annual seed
dormancy cycles in two desert winter annuals. Journal of
Ecology. 81: 551-556.

Bewley, J.D. & Black, M. 1982. Physiology and Biochemistry of
Seeds. Springer Verlag, Berlin.

Boojh, R. & Ramakrishnan, P.S. 1982. Seed germination and seedling
establishment of two closely related Schima species. Proceedings
of the Indian Academy of Sciences (Plant Science). 91: 397-402.

Buckland, S. M., Gime., J. P., Hodgson, J.G. & Thompson, K. 1997.
A comparison of plant responses to the extreme drought of 1995
in northern England. Journal of Ecology. 85: 875-882.

Cabezas-Fernández, J. 1991. Distribución espacialde las especies
de vegetación leósa y sus relaciones con los factores
bioclimáticos de la provincia de Badajoz. PhD Tesis, University
of Extremadura, 316 pages.

Corbineau, F., Belaid, D. & Cöme, D. 1992. Dormancy of Bromus
rubens L. Seeds in relation to temperature, light and oxygen
effects. Weed Research. 32: 303-310.

Derkx, M.P.M. & Karssen, C.M. 1993. Effects of light and tempe-
rature on seed dormancy and gibberellin-stimulated germination
in Arabidopsis thalianum: studies with gibberellin deficient and
insensitive mutants. Physiologia Plantarum. 89: 360-368.

El-Sharkawi, M. H., Farghali, K. A. & Sayed, S. A. 1989. Interactive
effects of water stress, temperature and nutrients in the seed
germination of three desert  plants.  Journal of  Arid
Environments. 17: 307-317.

Evans, C. E. & Etherington, J. R. 1990. The effect of soil water
potential on seed germination of some British plants. New
Phytologist. 115: 539-548.

Evans, R. A., Ecleert, E. R. & Kay, B. L. 1967. Wheat grass
establishment with paraquat and tillage on Down Brome range.
Weeds. 15: 50-55.

González-Rabanal, F., & Casal, M. 1995. Effect of high temperatu-
re and ash on germination of ten species from gorse shrubland.
Vegetatio. 116: 123-131.

Grove, J. S., O’Connell, A. M. & Dimmock, G. M. 1986. Nutrient
changes in surface soils after an intense fire in jarrah
(Eucalyptus marginata Donn ex Sm.) forest. Australian Journal
of Ecology. 11: 303-317.

Harper J. L. & Benton, R. A. 1966. The behaviour of seed in soil.
II. The germination of seeds on the surface of water suplying
substrate. Journal of Ecology. 54: 151-166.

Hegarty, T. W. & Ross, H.A. 1980. Investigations of control
mechanisms of germination under water stress. Israel Journal
of Botany. 29: 83-92.

Hou, J.Q. & Simpson, G.M. 1993. Germination response to
phytocrome depends on specific dormancy states in wild oat
(Avena fatua). Canadian Journal of Botany. 71: 1528-1532.

Johnson, M. & Elliot, J. 1997. The effect of fire severity on ash,
and plant and soil nutrient levels following experimental



33

Journal of Mediterranean Ecology vol. 4, No.1, 2003

burning in a boreal mixedwood stand. Canadian Journal of Soil
Science. 78: 35-44.

Jornsgard, B., Rasmussen, K., Hill, J. & Christiansen. 1996.
Influence of nitrogen on competition between cereals and their
natural weed populations. Weed Research. 36: 461-470.

Juan, E., Fernándes, I. & Pastor, J.E. 1995. Ecología de la
germinación en especies del género Veronica (Scrophulariaceae)
del SO de España. Acta Botánica Malacitana. XX: 43-50.

Keeley, J. E. & Keeley, S. C. 1987. The role of fire in the
germination of chaparral herbs and subffrutescens. Madroño.
34: 240-249.

Keeley, J. E. & Keeley, S. C. 1988. Chaparral. pp: 165-207. M.G.
Barbour & W.D. Billings (eds.). North American Terrestrial
Vegetation. Cambridge University Press.

Koller, D. 1969. The physiology of dormancy and survival of plants
in desert environments. pp: 449-469. H. W. Woolhouse (ed.)
Dormancy and survival .  Symposium of the Society of
Experimental Biology.

Martínez-Chersa, M., Satorre, E. H. & Chersa, C.M. 1997. Effect
of soil water content and temperature on dormancy breaking
and germination of three weeds. Weed Science. 45: 791-797.

Mott, J.J. 1974. Factors affecting seed germination in three annual
species from an arid region of Western Australia. Seed
germination in arid zone annuals. 3: 699-709.

Mustar, P. J. & Cowling, R. M. 1993. Effects of soil and
characteristics on seed germination and their possible roles in
determining field emergence patterns of four Agulhas Plain
(South Africa). Proteaceae. Canadian Journal of Botany. 71:
1363-1368.

Pérez-Fernández, M.A., Gómez-Gutiérrez, J.M., Fernández-Santos,
B. & Martinez-Ruiz, C. 1994. Efectos de la concentración de
sales nutritivas sobre la germinación de semillas de Cytisus
multiflorus (L’Hér) Sweet. Stvdia Oecologica X-XI: 273-279

Pons, T. L. 1989. Breaking of seed dormancy by nitrate as a gap
detection mechanism. Annals of Botany. 63: 139-143.

Pugnaire, F. I. & Lozano, J. 1997. Effects of soil disturbance, fire
and litter accumulation on the establishment of Cistus clusii
seedlings. Plant Ecology. 131: 207-213.

Thanos, C. A., Christodoulakis, D. & Yannitsaros, A. 1989. Early
post-fire regeneration in Pinus brutia forest ecosystems of
Samos island (Greece). ActaOecologica/ Oecologia Plantarum.
10: 79-94.

Thompson, K. & Grime, J. P. 1983. A comparative study of
germination responses to diurnally fluctuating temperatures.
Journal of Applied Ecology. 20: 141-156.

Thompson, A. J., Jones, N. E. & Blair, A. M. 1997. The effect of
temperature on viability of imbibed weed seeds. Annals of
Applied Biology. 130: 123-134.

Tilman, D. 1980. Resources: a graphical-mechanistic approach to
competition and predation. American Naturalist. 116: 362-393.

Trabaud, L. & Oustric, J. 1989. Comparaison des stratégies de
régénération après incendie chez deux espèces de cistes.‘Review
d’Ecology (Terre Vie). 50: 3-14.

Tutin, T.G., Heywood, V.H. Burges, N.A., Moore, D.M., Valentine,
D.H., Walters, S.M. & Wedd, D.A. 1964-80 Flora Europea.
Cambridge. University Press.

Vleeshouwers, L. M., Bouwmeester, H. J. & Karssen, C. M. 1995.
Redefining Seed Dormancy: an Attempt to Integrate Physiology
and Ecology. Journal of Ecology. 83: 1031-1037.

Whelan, R. J. 1988. Patterns of recruitment to plant populations
after fire in Western Australia and Florida. Proceeding of the
Ecological Society of Australia. 14: 169-178.

Zammit, C. A. & Zedler, P.H. 1988. The influence of dominant
shrubs, fire and time since fire on soil seed banks in mixed
chaparral. Vegetatio. 75: 175-187.




