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Abstract: Th e role of smoke as a fi re-related germination cue is well known in many parts of the world, including 

Mediterranean-type ecosystems; however, it has been neglected in the Mediterranean Basin (MB). We studied the 

germination response of 5 woody species found in the eastern MB (south-western Turkey) to smoke solutions derived 

from diff erent plant species. Of the 5 species examined, 2 [Sarcopoterium spinosum (L.) Spach and Satureja thymbra L.] 

showed signifi cant increments in germination percentage aft er smoke treatments compared to the control, while the 

remaining 3 [Calicotome villosa (Poir.) Link, Cistus salviifolius L., and Lavandula stoechas L.] did not. However, none of 

the species showed any change in the germination rate. In addition, smoke solutions derived from various plants did not 

aff ect the germination response (germination percentage and rate) in all species. Th e results confi rm that the eff ect of 

smoke originating from diff erent plant species on germination response is globally similar regardless of the region. Our 

study helps to fi ll the gap in the literature on smoke-induced germination in the eastern MB and supports the idea that 

smoke is important to postfi re germination in the MB.
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Introduction

Fire plays a key role in shaping the composition and 
distribution of plant communities (Trabaud, 1994; 
Bond & Keeley, 2005; Verdú & Pausas, 2007) and is 
an important evolutionary pressure on plant traits 
(Keeley et al., 2011). In fi re-prone environments, 
seed germination is triggered by fi re-related cues 
(heat and smoke) in many plants. Th e positive eff ect 
of heat-shock treatments on germination in species 
with water-impermeable seed coats is well known 
(Trabaud & Oustric, 1989; Th anos et al., 1992; Doussi 
& Th anos, 1994; Herranz et al., 1998; Rivas et al., 
2006; Paula et al., 2009; Moreira et al., 2010). Th e 
stimulatory germinative eff ect of smoke has also been 

demonstrated in studies of diff erent world ecosystems, 
including fi re-prone (Brown, 1993; Dixon et al., 1995; 
Keeley & Fotheringham, 1998; Moreira et al., 2010) 
and nonfi re-prone areas (Drewes et al., 1995; Pierce 
et al., 1995; Daws et al., 2007). However, the role of 
smoke in the germination of Mediterranean Basin 
(MB) plant species has received less attention than 
other Mediterranean-type ecosystems (Keeley, 1995; 
Keeley & Baer-Keeley, 1999). Fortunately, many 
studies conducted regarding the eff ects of smoke on 
germination in the western MB in recent years (Pérez-
Fernández & Rodríguez-Echevarría, 2003; Crosti 
et al., 2006; Reyes & Trabaud, 2009; Moreira et al., 
2010) showed that smoke-induced germination also 
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plays a signifi cant role in the MB. However, almost all 
of these studies were conducted in the western MB. 
With the exception of a few studies (Nun & Mayer, 
2005; Tavsanoglu, 2011; Moreira et al., 2012), there is 
still a lack of information about the role of smoke in 
germination in the eastern MB. 

In many of the studies testing the germination 
response of species to smoke, researchers have 
used plant material from a mixture of plant species 
(Dixon et al., 1995; Pérez-Fernández & Rodríguez-
Echevarría, 2003; Th omas et al., 2010) or from a 
single species abundant in the study region (Reyes 
& Trabaud, 2009; Moreira et al., 2010) to prepare 
aqueous smoke solutions or airborne smoke. A few 
studies showed that smoke derived from diff erent 
plants did not generally aff ect the germination 
response in plant species (Baxter et al., 1995; Jäger 
et al., 1996). However, these studies were only 
performed in South Africa, and there have been 
no reports on this issue from any other part of the 
world. It has recently been discovered that a group 
of compounds (butenolides or karrikins) found in 
burning plant material is responsible for the main 
stimulatory eff ect of smoke on germination (Flematti 
et al., 2004; Van Staden et al., 2004; Chiwocha et al., 
2009; Light et al., 2009); however, it has been suggested 
that some other compounds found in smoke may 
be responsible for the inhibition of germination in 
some species (Daws et al., 2007). Th erefore, there is 
still a need for research to determine whether smoke 
originating from diff erent plant species or plant 
materials produces diff erent germination responses 
in certain species.

Th e aims of our study were to obtain evidence 
for smoke-induced germination in the eastern 
MB and to confi rm that smoke solutions derived 
from various plant species have no diff erent eff ects 
on germination response. We hypothesised that 
at least some of the eastern MB species growing in 
fi re-prone habitats should have smoke-triggered 
germination and that smoke solutions obtained from 
the burning of diff erent plant species should not 
result in any change in the germination response of 
the species studied. To test these hypotheses, seeds 
of 5 eastern Mediterranean plant species [Calicotome 
villosa (Poir.) Link, Cistus salviifolius L., Lavandula 
stoechas L., Sarcopoterium spinosum (L.) Spach, and 

Satureja thymbra L.] were subjected to diff erent 
smoke solutions prepared from 3 species that diff er 
in growth form (tree, shrub, and perennial herb). 
Germination percentages and rates of the species 
were determined under diff erent smoke treatments, 
and the diff erences were compared to a control and 
among treatments.

Materials and methods

Study species and study area

We selected 5 woody shrub species growing in burned 
areas of the Marmaris region of south-western 
Turkey, eastern MB (36°54ʹN, 28°08ʹE), to test their 
germination responses to smoke solutions. Th e study 
area was characterised by a typical Mediterranean 
climate with dry summers and wet winters. Th e 
dominant vegetation cover is Pinus brutia Ten. 
woodlands; however, frequent fi res have created a 
vegetation mosaic that includes patches of shrub-
dominated maquis and regenerating pine stands. 
Th ere was proof of postfi re seedling emergence for 
each of the selected species throughout their range 
in the MB (Tavşanoğlu & Gürkan, 2005; Paula et 
al., 2009). Th e main ecological characteristics of the 
study species are given in Table 1. 

Seed collection, storage, and size

Ripe fruits were collected from a minimum of 10 
individuals for each species in August 2010 (Cistus 
salviifolius seeds were collected in June 2009). Seeds 
were removed from fruits by hand and stored in 
paper envelopes under room conditions until the 
experiment was conducted. For each species, 4 
replicates of 100 seeds (2 replicates in Calicotome 
villosa and Satureja thymbra due to the limited 
number of seeds) were weighed using a digital 
balance to obtain mean seed mass (Table 1).

Preparing the smoke solutions

To prepare diff erent smoke solutions, we selected 3 
species diff ering in growth form that are abundant 
in the study region: Pinus brutia (tree), Quercus 
infectoria Olivier subsp. boissieri (Reut.) O.Schwarz 
(tall shrub), and Chrysopogon gryllus (L.) Trin. 
subsp. gryllus (perennial herb). Dry leaves (Quercus 
infectoria) or needles (Pinus brutia) of the woody 
species and leaves and stem of the herbaceous species 
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(Chrysopogon gryllus) were collected from the fi eld 
and separated into small pieces in the laboratory. For 
each species, 4 replicates of 5 g were separately heated 
in an oven for 30 min at 190-195 °C, a temperature 
range and period that produces active components in 
smoke for germination (Jäger et al., 1996) that were 
observed on the soil surface where seeds are sown 
(Trabaud, 1979). Aft er the treatment was applied, 50 
mL of distilled water was added to the plant material, 
and the mixture was left  for 10 min. Th e mixture was 
fi ltrated into a bottle to obtain smoke in liquid form 
(Jäger et al., 1996; Moreira et al., 2010). Th is method 
allows for the capture of compounds found in smoke 
in the water; it represents the contact of smoke with 
soil, which contains some moisture, under natural 
conditions during a fi re (Jäger et al., 1996). Th e 
procedure was repeated for each species to obtain 3 
diff erent smoke solutions for use in the experiment. 
Th e pH values of smoke solutions derived from Pinus 
brutia, Quercus infectoria, and Chrysopogon gryllus 
were 4.45, 5.37, and 5.22, respectively; the pH of the 
distilled water was 5.81.

Th e experiment

Seeds of each species were incubated in the diff erent 
aqueous smoke solutions for 24 h. Another group of 
seeds from each species were incubated in distilled 
water for 24 h and served as the control for the 
smoke treatments. Aft er the treatments were applied, 
seeds were sown in Petri dishes containing agar 
as a substrate. Each dish contained 25 seeds, and 
there were 4 replicate dishes for each treatment and 
control (100 seeds for each in total). Th e dishes were 
then placed in a germination cabinet and incubated 

at 20.0 ±1 °C in darkness. Th e seeds were checked 
for germination under a stereomicroscope every 2 
or 3 days during the fi rst 2 weeks and then weekly 
until the end of the experiment. Germinated seeds 
were counted and removed from the Petri dishes at 
every check. Radicle emergence was the criterion for 
recording germination. Seeds without an embryo 
(empty seeds) and those with signifi cant signs of 
rottenness (rotten seeds) were also removed and 
recorded. Th e experiment was fi nalised on the 35th 
day of the incubation period (30 March to 4 May 
2011). 

Data analysis

Empty seeds were removed from the data before 
analysis, whereas rotten ones were included as the 
nongerminated proportion of the initial seed number 
for each replicate of each treatment. Th e data sets were 
analysed by one-way analysis of variance (ANOVA) 
to determine the eff ect of treatments (diff erent smoke 
solutions) on seed germination for each species. 
Data normality and homoscedasticity were tested 
using the Shapiro-Wilk test and Bartlett’s test before 
each analysis, respectively. Th e time to reach 50% 
germination (t

50
) was determined with CurveExpert 

Basic soft ware (Hyams, 2010) for each treatment 
× species combination. Th e germination curve of 
each replicate was fi t to a logistic curve, and t

50
 was 

calculated as the point on the curve intersecting the 
line for 50% germination (Kettenring et al., 2006). 
Data on t

50
 were log-transformed before analysis by 

one-way ANOVA to obtain the normal distribution. 
Post-hoc comparisons were conducted with Tukey’s 
honestly signifi cant diff erence test at α = 0.05.

Table 1. List of the study species and their main ecological characteristics. Seed size is given in mg (mean ± SE).

Species Family GF RM SC Seed size Range

Sarcopoterium spinosum Rosaceae Ss R+ S+ WP 1.47 ± 0.05 EMB

Satureja thymbra Lamiaceae Ss R- S+ WP 0.48 ± 0.01 EMB

Lavandula stoechas Lamiaceae Ss R- S+ WP 0.68 ± 0.01 MB

Calicotome villosa Fabaceae Ts R+ S+ WI 6.32 ± 0.12 MB

Cistus salviifolius Cistaceae Ss R- S+ WI 0.97 ± 0.01 MB

Abbreviations: GF = growth form (Ts = tall shrub, Ss = short shrub), RM = regenerative mode (R = resprouting, S = seeding; + and 

– indicate the presence or absence of the relevant RM, respectively), SC = seed coat type (WI = water-impermeable, 

WP = water-permeable). Range refers to the distribution of the species (MB = throughout Mediterranean Basin, EMB 

= restricted to eastern Mediterranean Basin).
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Results

Among the studied species, Sarcopoterium spinosum 
and Satureja thymbra showed signifi cant increments 
in germination percentage aft er at least one smoke 
treatment compared to the control (Table 2, Figure 
1). No signifi cant increase or decrease was found 
in the other species, apart from an obvious but 
nonsignifi cant increase in Lavandula stoechas 
aft er smoke treatments. All of the species had low 
germination percentages (<12.5%) in the control 
with the exception of L. stoechas, which reached 
81.0% germination (Table 2). 

In addition, smoke solutions derived from 
various plants did not change the results of the 
germination percentage and rate in all of the studied 
species (Table 2). Th e exception was the signifi cant 
diff erence between germination rates aft er Q and Ch 
treatments in L. stoechas. For all treatments, most 
of the germinations occurred between the fi rst and 
the second weeks of the incubation period (during 
the fi rst week in L. stoechas), producing a sigmoid 
germination (%) time curve (Figure 1). Consequently, 
none of the smoke treatments signifi cantly increased 
or decreased the germination rate (t

50
) compared to 

the control in the studied species (Table 2).

Table 2. Mean germination percentage (G) and the mean time to reach 50% germination (t
50

, in days) of the studied species in controls 

and diff erent treatments.

Species
Smoke treatments Statistics

Cont P Q Ch F P

Sarcopoterium spinosum

G
11.0 a

(2.5)

32.0 b

(2.3)

26.0 b

(2.6)

25.0 b

(3.0)
11.40 0.0008

t
50

 
18.2

(2.2)

11.4

(1.6)

11.5

(2.2)

12.1

(0.8)
  3.00 0.0726

Satureja thymbra

G
12.4 a

(3.6)

34.4 b

(3.9)

24.3 ab

(4.1)
    -   7.77 0.0102

t
50

 
15.0

(3.2)

13.0

(1.4)

11.6

(1.1)
    -   0.67 0.5378

Lavandula stoechas

G
81.0

(4.3)

93.1

(1.7)

90.6

(1.6)

89.3

(3.7)
  1.76 0.2076

t
50

 
  3.1 ab

(0.3)

  2.9 ab

(0.5)

  2.1 a

(0.1)

  3.9 b

(0.5)
  3.94 0.0360

Calicotome villosa

G
  8.3

(1.0)

  6.7

(2.7)

16.1

(7.3)
    -   1.19 0.3475

t
50

 
  4.7

(1.3)

  6.0

(3.1)

  4.2

(0.4)
    -   0.01 0.9930

Cistus salviifolius
G

  3.0

(1.0)

  1.0

(1.0)

  1.0

(1.0)

  1.1

(1.1)
  0.90 0.4706

t
50

    -     -     -     -

Abbreviations: Cont = control; P, Q, and Ch correspond to the treatments of smoke solutions produced from Pinus brutia, Quercus 

infectoria, and Chrysopogon gryllus, respectively. F-values show the results of one-way ANOVA, and probability values 

(P) indicating a signifi cant diff erence among groups at α = 0.05 are given in bold. Th e SE of the mean is given in 

parenthesis. T
50

 data were log-transformed before analysis to obtain normality. Diff erent letters next to the values 

indicate a signifi cant diff erence for the 2 relevant groups at α = 0.05. Ch treatment was not performed in Satureja 

thymbra and Calicotome villosa due to the limited number of seeds; no t
50

 result was obtained for Cistus salviifolius for 

any treatment due to very low germination percentages.
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Discussion

Our results show that the germinations of 2 eastern 
Mediterranean species (Sarcopoterium spinosum and 
Satureja thymbra) are stimulated by smoke. Th is is 
the third report for the evidence of smoke-induced 
germination in the eastern MB; the fi rst was related 
to a parasitic weed distributed over a broad range in 
Eurasia (Nun & Mayer, 2005), and the second was on 
a species distributed throughout the MB (Moreira 
et al., 2012). However, our study presents the fi rst 
evidence of smoke-stimulated germination among 

species endemic to the eastern MB. Th is supports 
the idea that fi re-induced germination is important 
throughout the MB (Moreira et al., 2010) by providing 
evidence that smoke-stimulated germination extends 
from the western MB to the eastern part of the MB.

Although the results of previously conducted studies 
on the stimulation of germination in Sarcopoterium 
spinosum have been contradictory, there is evidence 
that light quality (Roy & Arianoutsou-Faraggitaki, 
1985) and heat shock (Keeley & Baer-Keeley, 1999) 
improve germination and that charred wood does 
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Figure 1. Mean germination percentages (±SE) of Sarcopoterium spinosum (a), Satureja thymbra (b), Lavandula stoechas (c), and 

Calicotome villosa (d) under diff erent treatments and the control during the incubation period. Cont = control; P, Q, and 

Ch correspond to treatments of smoke solutions produced from Pinus brutia, Quercus infectoria, and Chrysopogon gryllus, 

respectively. Cistus salviifolius is not shown here due to low germination (<3%).
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not (Keeley & Baer-Keeley, 1999). Th e recruitment 
of S. spinosum seedlings aft er fi re is high (Seligman & 
Henkin, 2000; Paula et al., 2009), and this demonstrates 
the presence of a soil seed bank (Osem et al., 2007). In 
light of these earlier studies and the ability of smoke to 
partially replace the light requirement for germination 
in several light-sensitive species (Merritt et al., 2006), 
the fi rst results on smoke-stimulated germination 
obtained by our study contribute to the explanation of 
postfi re establishment behaviour in S. spinosum. Th ese 
results suggest an increase in the role of fi re in the 
postfi re germination of this species, in addition to the 
role of increasing light quality due to foliage removal 
(Roy & Arianoutsou-Faraggitaki, 1985). To date, 
our results provide the fi rst record of fi re-promoted 
germination in Satureja thymbra, a common fi re-
follower seeder species in the eastern MB (Kazanis 
& Arianoutsou, 2004; Tavşanoğlu & Gürkan, 2009). 
Th is fi nding also supports the frequent appearance of 
smoke-stimulated germination in western MB species 
belonging to the family Lamiaceae (Moreira et al., 
2010).

Smoke treatments failed to improve germination 
percentages compared to the control in Cistus 
salviifolius, Calicotome villosa, and Lavandula 
stoechas. Th e lack of response to smoke solutions 
is likely to occur in the former 2 species due to the 
physical dormancy imposed by their hard seed coats 
(Th anos & Georghiou, 1988; Th anos et al., 1992; 
Doussi & Th anos, 1994). However, since there is 
evidence for smoke- and charred wood-stimulated 
seed germination in L. stoechas (Keeley & Baer-
Keeley, 1999; Moreira et al., 2010; Moreira et al., 
2012), we expected to fi nd a signifi cant increase 
in the germination percentage of this species aft er 
smoke treatments. Our results contradicted this 
prediction, and the same result was obtained by 
Crosti et al. (2006). We believe that the reason why 
Crosti et al. (2006) and the current study did not fi nd 
any signifi cant diff erence in germination between 
any treatment and the control in L. stoechas was 

the loss of seed dormancy (81% germination in 
the control in our study) aft er 7.5 months of seed 
storage when we conducted the experiment. It seems 
that seed dormancy in L. stoechas starts to break 
down just a few months aft er ripening, and a longer 
storage period may lead to loss of dormancy. It is 
also possible that the species response to smoke can 
change over time due to dormancy cycling (Baker et 
al., 2005). More studies are needed to create a better 
understanding of dormancy loss in this species.

Some species give better germination responses 
to the compounds known to stimulate germination 
in plants (butenolides or karrikins) than the smoke 
water itself, and in some cases there is an inhibitory 
eff ect of smoke on germination (Crosti et al., 2006; 
Merritt et al., 2006; Light et al., 2010). Th is suggests 
that as a chemical soup, smoke may include some 
chemicals that inhibit germination as well as those 
that promote germination (Daws et al., 2007). 
Obviously, identifying the cumulative eff ect of the 
mixture of smoke chemicals is more important for 
understanding the natural role of smoke in fi re-prone 
environments than identifying the eff ect of specifi c 
chemicals. In this context, our study confi rms that 
smoke solutions derived from various plant species 
have no diff erent eff ect on germination response, at 
least in the eastern MB species that we considered. 
Our results are in accordance with those of Baxter 
et al. (1995) and Jäger et al. (1996), and along with 
these studies, our fi ndings support the argument that 
the eff ect of smoke originating from diff erent plant 
species on germination response is globally similar 
regardless of region.

In conclusion, our study is a step towards fi lling the 
gap in the literature on smoke-induced germination 
in the eastern MB and supports the idea that smoke 
is an important fi re-related germination cue for the 
MB. More research is still needed to establish the role 
of fi re-related cues (especially smoke) in the eastern 
Mediterranean species and to better understand the 
dynamics of postfi re recovery in this region.
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