
Ann. Bot. Fennici 52: 93–100 ISSN 0003-3847 (print) ISSN 1797-2442 (online)
Helsinki 19 February 2015 © Finnish Zoological and Botanical Publishing Board 2015

Effects of aqueous smoke and nitrate treatments on 
germination of 12 eastern Mediterranean Basin plants
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2) 

Determining the relative role of various cues on seed germination in Mediterranean 
plants is important to understanding their response to variable conditions. We studied 
germination responses of 12 eastern Mediterranean Basin species (Alyssum caricum, 
A. minus, Carthamus dentatus, Daucus broteri, D. carota, Hypericum aviculariifo-
lium, Muscari comosum, Onopordum caricum, Rumex crispus, Sarcopoterium spino-
sum, Silene vulgaris, Smyrnium rotundifolium) to different smoke and nitrate concen-

of D. carota, O. caricum, and S. spinosum, but had a negative effect on germination 
of Hypericum aviculariifolium

-
tion percentage in six of the 12 studied species. All the species that have smoke- and/or 

The results reveal that both smoke and nitrate improve germination of Mediterranean 

to smoke and nitrate in Mediterranean plants.

Introduction

-
cant impact on the structure and function of plant 

et al.

-
et al.

of dormancy-breaking effects of heat (Thanos et 
al. 1992, Herranz et al.

et al.
et 

al. 1995, Moreira et al.
important role in stimulating seed germination, 
it has been demonstrated that chemical com-

(Van Staden et al. et al.



  

(Senaratna et al. 1999) and pollen germination as 
et al.

Consequently, stimulation of germination and 

key role in plant recruitment (Tormo et al.
Soils of Mediterranean-type ecosystems are 

-
et al.

et al. -
tions of nitrogenous compounds in the soil (e.g., 

-
anoutsou-Faraggitaki & Margaris 1982, Stock & 

these compounds in nutrient-poor Mediterranean 
habitats may play an important role in regulation 

Bell et al. 1999, Henig-Sever et al.

Mediterranean Basin plants have received more 
attention in recent years (Crosti et al.

et al.
Çatav et al. et al.
there is limited information about the effect of 

et 
al. -

et al.

effects of nitrates on germination of Mediter-

germination ecology of Mediterranean plants 
is poorly understood due to the contrasting 
results obtained. Therefore, more studies are still 
needed to better understand the role of nitrates 
in germination of plant species in the Mediter-
ranean Basin.

responses of 12 eastern Mediterranean Basin 
species to different smoke and nitrate concentra-
tions in laboratory conditions. We hypothesized 
that smoke and nitrate improve germination 
of the species studied. To test this hypothesis, 

-
ent concentrations of aqueous smoke solution, 

) and ammonium nitrate 
). Germination percentages and mean 

control conditions. By carrying out this experi-

smoke as germination stimulants.

Material and methods

Study species, study area and seed 
collection

Turkey, eastern Mediterranean Basin (Table 1). 
The study region has a Mediterranean climate 

by hand and stored in paper envelopes at room 
temperature until the start of the experiment in 

species.

Preparation of smoke solutions

Dry needles of Pinus brutia, a common tree spe-

smoke solutions. Four 5-g samples of this plant 

to capture the smoke generated from the heated 

et al. 
the active chemicals found in smoke are dissolved 

et al.

The experiment

The germination-medium compositions are 



 

-

-
-

tions are favourable for germination of many 
Mediterranean-climate species (Bellairs & Bell 

et al.
for germination under a stereomicroscope every 

until the end of the experiment. It should be 

germination checks. The criterion of germination 

 
after last germination event had been recorded. 

-

Data analysis

After removing empty seeds, the remaining seeds 
-

-
-

Table 1.
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Table 2.

) NH ) pH



  

et al.

n ¥ 
D)/k n is the number of seeds that germi-
nated on day D, D is the number of days from 
the beginning of the incubation period, and k is 
the total number of seeds that germinated during 
the incubation period. For each species, the dif-

test for multiple comparisons. Homogeneity of 

each analysis. Because of the large number of 

p  This approach is 
less conservative than the Bonferroni correction 

many studies in recent years (e.g. Moreira et al. 

Results

The germination percentages in the controls 
varied among the study species, ranging from 

Cartha-
mus dentatus, Muscari comosum, Onopordum 
caricum, Smyrnium rotundifolium) the dormancy 

Alyssum 
caricum, A. minus, Rumex crispus, Silene vul-
garis
germination in the control). Smoke and nitrate 
treatments failed to break high-level dormancy 
(zero germination in the control) in Muscari 
comosum and Smyrnium rotundifolium. Moreo-

-
mancy (Alyssum minus, Rumex crispus, Silene 
vulgaris -

increase in germination of three species, but 
affected negatively germination of Hypericum 
aviculariifolium

germination after at least one of the nitrate treat-

Regarding the effect of nitrates on germination, 

-

of the nitrate treatments affected germination of 

Germination response of the species to 

species (Onopordum caricum and Sarcopoterium 
spinosum

Table 3.
codes p

p

 NH
    

48 ± 5  
93 ± 3  

50 ± 7  35 ± 7  
37 ± 2  18 ± 3  18 ± 5  25 ± 4  28 ± 8  35 ± 6

100 ± 0  

HAV 23 ± 7  23 ± 14  

68 ± 5  62 ± 4  39 ± 6  34 ± 3  32 ± 3



 

smoke and nitrate. The remaining species had 
different responses to smoke and nitrate treat-
ments. For example, germination of Carthamus 
dentatus and Daucus broteri
nitrate but not by smoke; inversely, germination 
percentage in Daucus carota

that in the control in Hypericum aviculariifo-
lium
negatively affected by smoke. An association 

and their germination response to smoke and/
-

Apart from Daucus broteri

Sarcopote-
rium spinosum

control. On the other hand, nitrate treatments 
Onopordum 

caricum and Daucus broteri

after the nitrate treatments.

Discussion

increased the germination percentages in six 
of the 12 studied species (Alyssum caricum, 
Carthamus dentatus, Daucus broteri, D. carota, 
Onopordum caricum and Sarcopoterium spino-
sum). Of the study species, only germination 
of Hypericum aviculariifolium

nitrate-stimulated germination in Onopordum 
caricum
may have implications to in-situ and/or ex-situ 
conservation of endemic plants in Mediterranean 
vegetation in Turkey.

Availability of nitrogenous compounds can 

many plants generally occurs during this period 
(Thanos & Georghiou 1988, Bell et al. 1995). 
Consequently, many researchers focused on the 

-
mination (Thanos & Rundel 1995, Bell et al. 
1999, Henig-Sever et al.
those studies indicate that nitrate and ammo-
nium can play an important role in germination 
of several plants (e.g., Emmenanthe penduli-

, 

Table 4. 
cies codes p

p

 NH
    

9.3 ± 2.0  11.7 ± 1.6  10.3 ± 1.5 

3.8 ± 0.2  4.0 ± 0.1 

9.6 ± 0.8  9.9 ± 0.7  



  

 
solutions indeed stimulate germination in E. pen-

 and 
Accordingly, they proposed that both oxidizing 
gases in smoke and acids are potential germi-

et al.

the concentration of H
nitrate ion. Although our study cannot be com-

-
tal design did not include a pH gradient, our 
results indicate that germination success of spe-
cies is variable in smoke and nitrate treatments at 
the same pH level (in our case pH = 5.8).

The mechanism of improving seed germina-

by Henig-Sever et al.
their study suggest that nitrate increases the seed 
sensitivity to GA
ammonium directly affects lipase activity. Ger-
mination induction by nitrates is achieved in the 

concentrations have a negative effect (Thanos & 
Rundel 1995, Bell et al.

-

negative effects of any nitrate treatment on the 
germination of the studied species.

response of species suggests that smoke- and 
nitrate-stimulated germination are impor-
tant determinants of the regeneration strategy 
in Mediterranean plants. In the Mediterranean 

-
logenetically and phenotypically clustered as a 

-

et al
for triggering germination from the seed bank 
and opening spaces for the regeneration of the 

conserved trait at the genus and family levels 

since the appearance of Mediterranean climate 

-
nation (Çatav et al. -

-

species, the results on regeneration mechanism 
should be considered carefully.

In summary, our results reveal that both 
smoke and nitrate play a role in germination 
stimulation of Mediterranean species, at least 
for the subset of the studied species. Our results 

germination response to smoke and nitrates in 
Mediterranean plants.
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