
1. Introduction

Cistaceae is a medium-size family (eight genera, 180 spe-
cies), distributed in temperate and subtropical regions of the 
northern hemisphere (Guzman & Vargas 2009), and show-
ing the highest genus and species diversity in the Medi-
terranean floristic region. In fact, five of the eight genera 
(Cistus, Funmana, Halimium, Helianthemum, Tuberaria) 
are native to this region. Cistus is one of the most charac-
teristic genera of shrubs or subshrubs of the Mediterranean 
flora (Guzman & Vargas 2005) and comprises more than 16 
species with a circum-Mediterranean distribution (Pérez-
Garcia 1997); Cistus species are characteristic of dry and 
sunny habitats. Plants are evergreens with profuse and at-
tractive blooms. They are natives of lands surrounding the 

Mediterranean Sea and 7 species (C. crispus L., C. creticus 
L., C. clusii Dunal in DC., C. monspeliensis L., C. parvifo-
lius Lam., C. salviifolius L., C. x varius Pourr.) are present 
in Sicily (Giardina et al. 2007) in scrubland and garigue on 
siliceous ground. Some of them, especially C. salviifolius 
and C. monspeliensis, are often diffused on acid soil. 

The adaptation of the genus to Mediterranean environ-
ments is evident from ecological characteristics such as 
fire-dependent seed germination (Trabaud & Renard 1999; 
Delgado et al. 2001), insect-dependent pollination (Talav-
era et al. 1993), biometrical and leaf anatomical differ-
ences between summer and winter habits of Cistus plants 
(Aronne & De Micco 2001) that allow these plants to over-
come with hot and dry summers (Daget 1977). The sea-
sonal fluctuations in soil moisture are in fact considered 
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a  limiting factor for growth and productivity of Mediter-
ranean perennial species (Specht 1987). 

Cistus plants produce a large crop of seeds every year 
(Troumbis & Trabaud 1986) and their regeneration in nor-
mal conditions or after fire is realised almost exclusively 
by seeds (Thanos & Gheorghiou 1988). The seeds have 
a primary dormancy imposed by seed coat which, in the 
natural environment, is eventually released massively by 
wildfires (Doussi & Thanos 1994; Quintana et al. 2004). 
Many Cistus species have been considered as social phy-
rophyted (sensu Kuhnholtz-Lordat 1938), because they es-
tablish in a  great number after fire by seed germination 
(Ferrandis et al. 1999). It is broadly accepted that the high 
temperatures recorded in soil during a wildfire are the main 
factor responsible for this germination response, since the 
thermal shock associated with fire can break down the tes-
ta of buried seeds, thus, overcoming physical dormancy 
(Baskin & Baskin 1989; Hanley & Fenner 1998).

Cistus seeds are characterized by the presence of physi-
cal dormancy, which, in addition to high seed longevity 
(Troumbis & Trabaud 1986) and small size and mass, al-
low the generation of persistent soil seed banks (Grime 
1989). Dormancy is broken down by high temperatures 
generated by fire and this process leads to high densities 
of Cistus seedlings in the rainy season following fire (Fer-
randis et al. 2001; Bastida & Talavera 2002).

Post-fire regeneration is a complex process dependent 
upon factors such as germination strategies of species, their 
characteristics and fire adaptation, the abundance of seed 
in both soil and aerial banks, the fire parameters (time of 
years, size, severity, etc.) (Herrero et al. 2007; Trabaud et 
al. 1985). Fire intensity is one of the most important factors 
influencing post-fire regeneration of an ecosystem (Sousa 
1984) and is characterised by two factors: exposure time 
and temperature reached during the fire (Núñez & Calvo, 
2000). To evaluate the germination response after different 
fire intensities, the thermal shock is considered the most 
widespread technique to break seed dormancy (Thanos et 
al. 1989; Herrero et al. 2007). Thermal treatments could be 
carried out using seeds heated in an oven at different control-
led temperatures, with a range of temperature simulating the 
real conditions of soil during a natural fire, and combining 
different exposure times (Pérez & Pita 1996). The modality 
to heat given (dry or wet high temperature) can modify the 
seed response to heat treatments (Bacchetta et al. 2008); 
the high germination value in different species of Cistus 
were achieved when the seed were put in distilled water at 
high temperature or in boiling water (Bacchetta et al. 2008).

Previous studies verified that the heat produced by fire 
lasts for a  short time (between five and 15 minutes) and 
reaches a range of temperatures between 44°C and 150°C 
at 2.5 cm of depth (Trabaud 1979). 

The aim of the present study is to evaluate the effect of 
high thermal treatments and exposure time on the germi-

nation of four Cistus species. Two different sowing strate-
gies (soon after that the seed have been collected and after 
6 months at 5°C to simulate the effect of winter season) 
were carried out in order to analyze the better period to 
start the germination. The dry and wet (seed immerged in 
distilled water) high temperature were evaluated to inves-
tigate if the treatment modality can influence the germina-
tion process.

2. Materials and methods

For both experiments fruits of Cistus were collected in 
two natural areas of Sicily (Italy): three of them (Cistus 
creticus L., C. monspeliensis L. and C. salviifolius L.) at 
Bosco di S. Pietro (37°17’N, 14°26’E, at 490 m a.m.s.l.), 
while fruits of C. crispus were collected at Colli San Rizzo 
(38°11’N, 15°33’E at 500 m a.m.s.l.).

Up to the time of experiments, the seeds were stored in 
opaque paper bags at constant temperature (5±1°C). Before 
the starting of the trial the 1000 seed weight was calculated. 
Seed weights of the species varied widely, ranged from 0.66 
g in Cistus creticus to 0.95 g in C. salviifolius; intermediate 
weights showed C. crispus (0.78 g) and C. monspeliensis 
(0.70 g). In all case, except for C. salviifolius, these values 
are typical for the species (Piotto & Di Noi 2001).

The germination tests were carried out by placing 
20 seeds on Waterman No. 2 filter papers moistened dai-
ly with de-ionized water inserted in 8-cm diameter Petri 
dishes (experimental unit). Petri dishes were arranged in 
a completely randomized design with 4 replicates for each 
treatment and in a  growth chamber at 20°C in the dark. 
This temperature level was adopted basing on previous re-
sults of a trial that analysed the effect of 15°C–25°C tem-
perature interval (Li Rosi et al. 2008). After the beginning 
of germination, the germinated seeds were counted and 
removed from each Petri dish every day, for a period of 60 
days. A seed was considered germinated when the radicle 
emerged 2 mm from the testa (Come 1970). Final germi-
nation percentage was calculated as number of germinated 
seeds/20x100. Speed and uniformity were quantified us-
ing the T50 of germination, that is the time needed for 
manifestation of half of the final germination calculated 
according to Salehzade et al. 2009, and the standard er-
rors of means. Separately for each species, on germination 
percentage, previously subjected to angular transformation, 
analysis of variance (ANOVA) was carried out to deter-
mine the significance of the different treatments. 

The experiment 1 has the aim to investigate the influ-
ence of pre-heating treatments from 70°C to 130°C for 
different period (from 1 to 10 minutes). The trials were 
started in October and March, one and six months later 
the seed collection, respectively. In each trial 21 treatments 
were performed, resulting from a combination of 7 differ-
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ent temperatures (70, 80, 90, 100, 110, 120, 130 °C) and 
3 exposure times (1, 5 and 10 min) plus a control treatment 
with no thermal treatment. 

In the experiment 2, seeds were treated for different 
periods (80°C for 10 min, 90°C for 5 min and 100°C for 
1 min) with high temperature in dry and wet (immersion in 
distilled water) conditions. The aim was to investigate the 
influence of dry and wet conditions on germination process 
of the same four species.

The modalities of trial were the same of experiments 
1 and also in this case the trials were replicated two times 
(in October and March).

3. Results and discussion

3.1 Experiment 1

The germination of untreated Cistus seeds was generally 
low (Fig. 1). The main characteristic of Cistus seed is the 
seed coat hardiness; thus, only a small fraction (quite al-
ways less than 20% except for C. crispus) of a given Cis-
tus seed population (the ‘soft’ seeds) can germinate, while 
the rest cannot imbibe water (Thanos & Georghiou 1988). 
Pre-germination heat treatments increased the proportion 
of seed germinating compared with the control treatment. 
Although differences are clear (often P< 0.001), their sig-
nificance cannot be ascertained from the results of three-
way ANOVA because the significant interaction between 
the treatments (Tab. 1). 

However Cistus seed germination can be significantly 
promoted by thermal pre-treatment, like reported by sev-
eral authors (Hanley & Fenner 1998; Thanos & Gheo-
rghiou 1988). The response ranged widely in relation to 
different species; in our study, especially Cistus creticus 
showed an higher percentage of germination with the ther-
mal pre-treatment. When seeds were thermally pre-treated 
for 1–10 minutes until 100°C a significant increase of ger-
mination was observed for each trial date. The best results 
were achieved with the shortest exposure time (1 minute). 
Prolonged heating and also increasing temperature the total 
amount of germinating seeds were reduced (Fig. 1). 

As previously discussed by many authors, germination, 
in different ways in relation to the species, is inhibited 
when temperatures are very high and/or the exposure time 
is prolonged (Valbuena et al. 1992; Herrànz et al. 2000; 
Reyes & Boedo 2001; Reyes & Traboud 2009). It is prob-
able that the same mechanism that stimulates the germina-
tion under certain combinations of time and temperature 
could also be indirectly responsible for the deterioration of 
the embryo and its death, above certain temperature thresh-
olds, as observed by Reyes and Trabaud (2009).

The high temperature crack the seed coat, allowing wa-
ter to filter into the embryo, thus activating germination. 

If the high temperatures are applied for too long time, the 
heat affects the embryo drying it up to reach a lethal level. 
In any case the seed germination is better than control in 
a large range of temperature and exposure time to show an 
opportunistic strategy of germination, that allow the dif-
ferent species to germinate in a wide range of temperature 
conditions (Thanos et al. 1992).

Trabaud (1995) has pointed out that these species are not 
exclusively dependent on fire. It is probable that hardseed-
ness is favourable because it can simultaneously provide 
embryo protection, seed persistence in the soil (Thompson 
& Booth 1993) and an efficient dormancy mechanism (Fer-
randis et al. 1999) for the quick detection of suitable con-
ditions for seedling establishment in a warm dry-summer 
Mediterranean climate.

The seed storage at 5°C for six months, to simulate the 
winter season effects, was able to increase the germination 
percentage only in C.  creticus and C.  salviifolius. In the 
latter reductions in germination percentage were observed 
in quite all heat pre-treatments.

The heat pre-treatments has not modified the time need-
ed for manifestation of half of the final germination level in 
quite all species (Figs. 2–5). Also for this parameter there 
were differences in relation to the species. In C. monspe-
liensis (Fig. 4) the T50 of the control was lower in rela-
tion to the different pre-treatments, at least for the October 
trial. This result could be justified if we suppose that, in 
absence of heat pre-treatment, only the ‘soft’ seeds are able 
to quickly germinate and hence in a very short time. In the 
other treatments the germination stimulus determined by 
heat temperature allowed to germinate a  greater number 
of seeds but in a  longer time. In any case, only little dif-
ferences are showed and without a clear trend.

Table 1.	 Significance of F-test(a) for different treatments on the 
germination and on the time required to achieve 50% 
cumulative germination (T50%) in different Cistus 
species

Factor Germination (%) T50 (days)

Species (S) *** ***

Pre-treatments (PT) *** ***

Trial time (TT) *** ***

S x PT *** ***

S x TT *** ***

PT x TT *** ***

S x PT x TT *** ***

(a) ns, *, ** and ***, not significant at P< 0.05, 0.01 or 0.001, re-
spectively
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Figure 1.	 Seed germination (%) in relation to treatments in the trial started in October (on the left) and in March (on the right)
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Figure 2.	 Cistus creticus: T 50 (days) in October (above) and March (below) trials. Error bars indicate the S.E. of means (n = 4)
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Figure 3.	 Cistus crispus: T 50 (days) in October (above) and March (below) trials. Error bars indicate the S.E. of means (n = 4)
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Figure 4.	 Cistus monspeliensis: T 50 (days) in October (above) and March (below) trials. Error bars indicate the S.E.  of 
means (n = 4)
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Figure 5.	 Cistus salviifolius: T 50 (days) in October (above) and March (below) trials. Error bars indicate the S.E.  of means 
(n = 4)
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3.2 Experiment 2

The seed immersion in distilled water at different tempera-
tures (wet treatment) for various time enhanced the germi-
nation percentage in C. monspeliensis and C. salviifolius 
in the October trial, and particularly in C. crispus in both 
trials (Fig. 6).

This result can be linked to the ability of wet condition 
to stimulate the process (Bachetta et al. 2008). Also in this 
case there is a species-dependent response probably linked 
to the seed coat characteristics.

In all species any way was observed a drastic reduction 
of T50 values in relation to the wet treatment able to ac-
celerate the mean time of germination (Fig. 7). 

Figure 6.	 Seed germination (%) in relation to treatments in the trial started in October (on the left) and in March (on the right). Sig-
nificant differences between the treatments were shown at P < 0.05 by Student-Newman-Keuls test. Values with the same 
letter are not significant



[184]

Figure 7.	 T 50 (days) in relation to treatments in the trial started in October (on the left) and in March (on the right). Error bars 
indicate the S.E. of means (n = 4)
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The achieved results allowed to better individuate the 
Cistus native species requirements for the germination. For 
all species the utility to use heat treatment to stimulate the 
germination was widely demonstrated. At the same time, 
the effects of heat are usually reflected in the germination 
level, but not in the germination rate. The fire is an impor-
tant mechanism for Cistus species for colonising hetero-
geneous environments, especially in habitats degraded by 
recurrent fires.
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