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Summary   Ziziphora hispanica L. (Lamiaceae) is a medicinal aromatic plant which is native to Algeria in 
semi-arid regions, Morocco and southern Spain. Despite the medicinal and economic interests as well 
as the uncertain future that this species may encounter in its natural habitats, various aspects of the 
biology of its seeds have not been recognized up to date. To fulfi ll these gaps, seed germination has 
been studied under the eff ect of diff erent incubation temperatures, and under the infl uence of defer-
ential concentrations of water stress and saline stress. The seeds were fi rst incubated at diff erent tem-
peratures (15, 20 and 25°C). Then, at 20°C, germination studies were carried out at various sodium chlo-
ride concentrations (0, 25, 50, 75 and 100 Mmol /l) and various solutions of polyethylene glycol (PEG6000) 
(0, -0.2, -0.4, and-0.6 Mpa). The results showed that Z. hispanica seeds were not dormant, and the op-
timal temperature of germination was 20°C, at which the maximum fi nal germination percentage oc-
curred (94%). A high negative correlation was obtained between the germination percentage and the 
various concentrations of NaCl. In comparison to other plant species that share its habitats, the results 
of the water stress impact tests indicate that Z. hispanica is very sensitive to water stress, indicating dif-
fi culties in germinating in semi-arid and arid regions and that climate change may restrict its natural 
habitats. The results of this study can serve as guidelines for propagation protocols of this species to 
support its conservation and cultivation.
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2010-2013, Euro+Med, 2015). In Algeria, it is 
found in the highlands and the regions of 
the Saharan Atlas (Quézel and Santa, 1961-
1962). It is medicinal and aromatic (Bekhechi 
et al., 2007; Benlamdini et al., 2014). Several 
studies have shown its various pharmaceu-
tical activities such as antibacterial (Bekhe-
chi et al., 2007; Rabah et al., 2013; Zenati et 
al., 2014) anti-fungal (Meratate et al., 2015) or 
antioxidant (Meratate et al., 2015). 

As medicinal plants and their cultivation 
is becoming popular due to the increased 
demand for natural products in the world 
(Tanga et al., 2018), in Algeria, many species 
of medicinal plants are collected by the local 
population and herbalists in an anarchic and 
abusive manner. The combined eff ect of this 
overexploitation with climate change makes 
these species increasingly rare, or threatened 
with extinction (Bouasla and Bouasla, 2017; 
Nasrallah et al., 2020). In the arid natural envi-
ronment which characterizes many regions 
of Algeria, certain environmental constraints 
(drought and salinity of the soils) are consid-
ered to be the main factors limiting the es-

Introduction

Lamiaceae is the fi fth largest family of fl ora 
in Algeria after Asteraceae, Fabaceae, Brassi-
caceae and Caryophyllaceae. It is represent-
ed by 36 genera in the Algerian fl ora and 
183 taxa (Dobignard and Chatelain, 2010-
2013). The genus Ziziphora of the Lamiaceae 
is represented by three species (Z. hispani-
ca L., Z. capitata L. and Z. tenuior L.) in Algeria 
(Dobignard and Chatelain, 2010-2013). 

Ziziphora hispanica is an annual herba-
ceous plant (Quézel and Santa, 1961-1962) 
which is native to Morocco, Algeria and 
southern Spain (Dobignard and Chatelain, 
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tablishment and cultivation of plants (Zouidi 
et al., 2020). Moreover, Mediterranean plant 
communities have exhibited adaptation fail-
ures to climate change (Cochrane et al., 2015; 
Dadach and Mehdadi, 2021).

The establishment of medicinal plant 
cultivation procedures is an alternative mea-
sure to ensure the preservation of fl oristic di-
versity on the one hand, and the availability 
of these medicinal plants for commercializa-
tion on the other (Rebbas et al., 2012; Tanga 
et al., 2018). Multiplication of plant species by 
seed for commercial propagation, including 
several medicinal plants, is a simple meth-
od (Laghmouchi et al., 2017). However, many 
abiotic factors, such as salt stress, tempera-
ture, and water stress aff ect the germination 
of medicinal plant seeds (Gorai et al., 2011; 
Said-Al Ahl and Omer, 2011; Laghmouchi et 
al., 2017). Indeed germination is one of plant 
growth stages more sensitive to salt, severe-
ly inhibited by increased salinity (Sosa et al., 
2005). According to several authors (Botía et 
al., 1998; Jamil et al., 2006, Medjebeur et al., 
2018), salinity aff ects seed germination by 
reducing osmotic potential to such an ex-
tent that it delays or prevents the absorp-
tion of water necessary for the mobilization 
of nutrients necessary for germination and/
or the toxic eff ects of Na+ and Cl- which can 
be toxic to the embryo. Therefore, informa-
tion regarding seed germination could be of 
immense help in the domestication of wild 
medicinal plants (Sharma and Sharma, 2017).

To our knowledge, no published re-
search has investigated the infl uence of abi-
otic factors on the germination of seeds of 
Z. hispanica. In this study, and in order to 
provide useful information for conservation 
programs and to promote its cultivation and 
reintroduction, we assessed the eff ect of 
temperature, saline stress and water stress 
on the germination of Z. hispanica seeds.

Materials and methods

Seed collection area
In this study, ripe seeds of Ziziphora his-

panica L. (Fig. 1) were collected in the Saida 

region in northwest Algeria in the sum-
mer of 2020 (Fig. 2). The climate of this re-
gion is semi-arid with typical Mediterranean 
climatic characteristics, i.e., low precipita-
tion (between 300 and 370 mm/year), a wet 
and cold winter, and a dry and hot summer 
(Djebbouri and Terras, 2019).

Collection and preparation of seeds
The largest number of Z. hispanica plants 

were found in the Saida region (more than 
200 individuals distributed in 13 locations) 
where from the seeds were collected (Fig. 
2). In the laboratory, the seeds were imme-
diately peeled manually and then sterilized 
with 5% bleach (sodium hypochlorite) for 1 
min, followed by an abundant rinse with dis-
tilled and air-dried water before being used 
in the germination experiments.

Experimental design
To determine the optimum temperature 

for germination and to test seed dormancy 
and viability, seed germination of Z. hispan-
ica was studied under diff erent incubation 
temperatures of 15°C, 20°C and 25°C. For 
water stress four concentrations of PEG6000 

were used, corresponding to osmotic pres-
sures of -0, -0.2, -0.4 and -0.6 Mpa (Michel 
and Kaufmann, 1973). To examine the im-
pact of salinity stress, the germination of 
the seeds was studied under solutions of 
increasing NaCl concentrations (0, 25, 50, 
75 and 100 mmol L-1). For water stress, four 
concentrations of PEG6000 were used, corre-
sponding to osmotic pressures of -0, -0.2, 
-0.4 and -0.6 Mpa (Michel and Kaufmann, 
1973). The germination tests were carried 
out in Petri dishes, each containing 5 ml of 
test solutions at 20°C because the tempera-
ture experiment revealed that the optimum 
temperature of germination was 20°C. Each 
experiment consisted of 90 seeds divided 
into 3 replicates with 30 seeds per Petri dish.

Expressions of germination results and 
statistical analyses

Two germination parameters were cal-
culated after 30 days of germination (germi-
nation was stabilized on day 21st):
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Figure 1. Ziziphora hispanica L. (full bloom and seeds).

Figure 2. Locations of seed harvesting areas Ziziphora hispanica L. in Algeria.
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Percentage of germination (GP℅ ) = (num-
ber of germinated seeds / total number of 
seeds) x 100 
Mean time of germination (MTG) accord-
ing to the formula given by Ellis and Roberts 
(1981):
MTG = ∑ n × D/∑ n
Where n: number of newly germinated 
seeds at time,
D: number of days since the start of the ger-
mination test,
Σn: number of seeds that germinated dur-
ing the germination test. 

The lower the MTG value, the faster is the 
germination (Melendo and Giménez, 2019). 
Germination percentages and average ger-
mination time were calculated with Germi-
naQuant software (Marques et al., 2015). The 
values for each treatment were calculated as 
averages of three replicates and were sub-
jected to an analysis of variance (ANOVA). 
Signifi cant diff erences between the mean 
values were tested using the Duncan test. 
The SPSS version 24 software was used in all 
analyses and the signifi cance level was set 
to 0.05.

Results

Eff ect of temperature on seed germina-
tion

The germination rate as a function of the 
tested temperatures varied signifi cantly (p 
<0.001). At temperatures of 15 and 25°C, the 
GP℅ ranged between 23.33% and 74.44% 

respectively  (Fig. 3). The highest GP℅ was 
observed at 20°C (94.44%). The mean MTG 
at the diff erent test temperatures are shown 
in Figure 3; it was lower at 20°C compared to 
25°C (Fig. 3).

Eff ect of water stress on seed germina-
tion

The highest GP℅ was recorded in con-
trol seeds (96.66%). At the osmotic pressure 
of -0.2 MPA, the GP℅ was reduced to 43.33% 
corresponding to a 55.17% drop compared 
to the control. The GP℅ decreased with the 
increase in the osmotic pressure of the im-
bibition medium. At the pressure of -0.4 
MPA, the reduction in germination reached 
96.55%. The germination was completely in-
hibited at -0.6 MPA (Fig. 4).

Like GP℅, the MTG required for germi-
nation of Ziziphora hispanica L. seeds in-
creased with osmotic pressure. The control 
seeds germinated faster than those treat-
ed with diff erent PEG concentrations (Fig. 
4). They required an average of 5.96 days to 
germinate, whereas, at higher osmotic pres-
sures (-0.2 Mpa and -0.4 Mpa), they germi-
nated after a longer time, 6.99 and 11.33 
days, respectively (Fig. 4).

Eff ect of saline stress on seed germina-
tion 

The eff ect of NaCl concentrations on 
GP℅ is statistically signifi cant (p< 0.001). 
Seed GP℅ decreased in response to in-
creased concentration of NaCl in the imbi-

Figure 3. Eff ect of temperature on percentage and mean time 
of germination of seeds of Ziziphora hispanica L. Bars repre-
sent the mean ± S.E. (n = 3). Values with diff erent letters are 
signifi cantly diff erent at p< 0.05.

Figure 4. Eff ect of diff erent water stress on the percentage 
and the mean time of germination of seeds of Ziziphora his-
panica L. Bars represent the mean ± S.E. (n = 3). Values with 
diff erent letters are signifi cantly diff erent at p< 0.05.
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bition medium (Fig. 5). The higher the os-
motic pressure, the higher was the recorded 
rate of reduction of germinated capacity 
(Fig. 5). Indeed, from 25 Mmol /l the infl u-
ence of salinity was signifi cantly percepti-
ble (p < 0.001) with a germination percent-
age of 66.66% corresponding to a reduction 
of 26.41%. The germination percentage de-
creased to a minimum value of 3.33% in 
seeds treated with 100 Mmol/Na Cl (Fig. 5).

The MTG of Z. hispanica seeds increased 
signifi cantly (p <0.001) with the rise of the 
salinity of the medium (Fig. 5). In controls, 
the MTG was 5.58 days whereas germina-
tion took 17.66 days at 100 Mmol /l of NaCl 
(Fig. 5). 

Discussion

Eff ect of temperature 
Z. hispanica seeds were not dormant 

in the context of Baskin and Baskin (2004), 
since they germinated at high percentages 
(>74%) over a wide temperature range (15–
20°C), with no pre-treatment. This is similar 
to many other species of the Lamiaceae fam-
ily in the Mediterranean regions (Laghmou-
chi et al., 2017). Although germination of Z. 
hispanica seeds was possible at tempera-
tures between 15°C and 25°C, a peak of ger-
mination percentage was recorded at 20°C. 

This thermal optimum germination is com-
parable to some Mediterranean Lamiaceae 
in arid and semi-arid regions such as Ballo-
ta hirtusa (Dadach and Mehdadi, 2018), Mar-
rubium vulgare, Sideritis incana and Stachys 
ocymastrum (Dadach et al., 2018), Thymus 
maroccanus Ball. and Thymus broussonetii 
Boiss (Abbad et al., 2011). The lowest ger-
mination percentage at 25°C indicates that 
most Z. hispanica seeds will probably germi-
nate in late fall and throughout the winter, 
when temperatures are below 25ºC.

Eff ect of water stress  
Seed germination decreased with in-

creased stress and stopped completely at 
-0.6 MPa which is considered value of toler-
ance for germination thresholds. Similar re-
sults for seed germination aff ected by the 
decline in water potential and high germina-
tion rate in the absence of stress, have been 
reported for several species of the family La-
miaceae in arid regions, such as Sideritis in-
cana, Stachys ocymastrum, and Thymus fon-
tanesii (Dadach and Mehdadi, 2021) Thymus 
maroccanus, T. broussonetii and T. serpyllum 
(Abbad et al., 2011; Dadach et al., 2015). Sim-
ilarly, germination of Salvia verbenaca, fl our-
ishing in semi-arid Mediterranean climate 
zones, was also very sensitive to a range of 
water potential from 0 to -0.6 Mpa: at an os-
motic potential of -0.4 Mpa, the germination 
percentage was 5% and it was complete-
ly inhibited at an osmotic potential of -0.6 
Mpa (Javaid et al., 2018).

Drought tolerance during seed germina-
tion is an essential criterion for identifying 
varieties of species capable of resisting wa-
ter defi cit in the early stages of plant growth 
(Hamdini et al., 2021). In this regard, our re-
sults revealed that although Z. hispanica is 
native to the Mediterranean, it will have a 
great diffi  culty germinating in arid and semi-
arid regions because it would not tolerate a 
water potential greater than -0.4 Mpa (3.33 
℅GP). Conversely, Plantago lanceolata L. and 
Ballota hirsute Benth, species sharing the 
same habitats where Z. hispanica, are more 
tolerant to water stress and could germinate 
at -1 Mpa (Dadach et al., 2015: Dadach and 

Figure 5. Eff ect of diff erent saline stress on the percentage 
and the mean time of germination of seeds of Ziziphora his-
panica L. Values with diff erent letters are signifi cantly diff er-
ent at p< 0.05.
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Mehdadi, 2018; Mira et al., 2018). 
As the climate change in the Mediter-

ranean Basin results in widespread increas-
es in average temperatures and longer and 
more frequent drought periods, and de-
creased rainfall (Pachauri et al., 2014), the 
germination of Z. hispanica has been severe-
ly disturbed by water stress. This indicates 
that climate change restricts its natural hab-
itats and possibly poses a threat to this spe-
cies.

Eff ect of salt stress 
In arid and semi-arid regions of Algeria, 

the long-standing drought has clearly led to 
the salinization of soils. The combination of 
these two natural stresses is becoming in-
creasingly stressful for the germination and 
growth of plants in their natural environ-
ment (Zouidi et al., 2019). Since the reduc-
tion of the germination percentage was sig-
nifi cant from the concentration of 25 mmol 
/L of NaCl and the germination was almost 
inhibited beyond 100 mmol/l of NaCl, this 
concentration seems to be the threshold 
of tolerance to the salinity of this species. 
The negative response to salinity stress at 
the germination stage has also been report-
ed for other Lamiaceae species (Laghmou-
chi et al., 2017; Dadach and Mehdadi, 2018; 
Dadach et al., 2018; Nedjimi et al., 2020). In 
addition, similar infl uence of saline stress at 
a concentration of 100 Mmol/l of NaCl has 
been recorded on the germination percent-
age of semi-arid climate Lamiaceae spe-
cies growing in Mediterranean climate such 
as Marrubium vulgare, Sideritis incana and 
Stachys ocymastrum (Dadach et al., 2018).

The eff ect of PEG and NaCl solutions on 
seed germination under these conditions 
can be compared with similar osmotic po-
tential. The -0.2 Mpa and -0.4 Mpa PEG solu-
tions had similar osmotic potential with the 
50 and 100 Mmol/l NaCl solutions, respec-
tively. Seeds showed similar germination 
percentages under similar osmotic poten-
tials and this was consistent with what has 
been reported in other species (Mira et al., 
2018, Song et al., 2021). 

Conclusion 

The results of this study showed that based 
on its seed germination capacity, Z. hispan-
ica seems to be more sensitive under water 
stress compared to other species that share 
the same habitats. Thus, future projections 
of climate change, combined with the abu-
sive collection of this species as a medici-
nal plant will have a negative impact on the 
population dynamics of this species in Al-
geria. However, to extrapolate our results, 
the eff ects of temperature, salinity and wa-
ter stress should be assessed in the labora-
tory and in the fi eld at later growth stages 
of this species.

The authors thank the members of Laboratory 
of Water Resources and Environment, Depart-
ment of Biology, Faculty of Science, University 
of Saida and the Forestry Department for this 
work.
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Επίδραση αβιοτικών παραγόντων στη βλάστηση των σπόρων 
του φαρμακευτικού αρωματικού φυτού Ziziphora hispanica L.

M. Djebbouri, M. Zouidi και M. Terras 

Περίληψη   Το Ziziphora hispanica L. (Lamiaceae) είναι ένα φαρμακευτικό αρωματικό φυτό, ιθαγενές 
στην Αλγερία σε ημιξηρικές περιοχές, στο Μαρόκο και στη νότια Ισπανία. Παρά το φαρμακευτικό και 
οικονομικό ενδιαφέρον καθώς και το αβέβαιο μέλλον που μπορεί να έχει αυτό το είδος στους φυσικούς 
του βιότοπους, διάφορα θέματα σχετικά με τη βιολογία των σπόρων του δεν είναι γνωστά μέχρι σή-
μερα. Για να καλυφθούν αυτά τα κενά γνώσης, μελετήθηκε η βλάστηση των σπόρων υπό την επίδρα-
ση διαφορετικών θερμοκρασιών επώασης, διαφορετικών συγκεντρώσεων υδατικής καταπόνησης και 
αλατότητας. Οι σπόροι επωάστηκαν αρχικά σε διαφορετικές θερμοκρασίες (15, 20 και 25°C). Στη συνέ-
χεια, στους 20°C, πραγματοποιήθηκαν μελέτες βλαστικότητας σε διάφορες συγκεντρώσεις χλωριού-
χου νατρίου (0, 25, 50, 75 και 100 Mmol/l) και σε διάφορα διαλύματα πολυαιθυλενογλυκόλης (PEG6000) 
(0, -0.2, -0.4, και -0,6 Mpa). Τα αποτελέσματα έδειξαν ότι οι σπόροι του Z. hispanica δεν έχουν λήθαργο 
και η βέλτιστη θερμοκρασία βλάστησης ήταν 20°C, όπου σημειώθηκε το μέγιστο τελικό ποσοστό βλά-
στησης (94%). Παρατηρήθηκε υψηλή αρνητική συσχέτιση μεταξύ του ποσοστού βλάστησης και των 
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διαφόρων συγκεντρώσεων NaCl. Σε σύγκριση με άλλα φυτικά είδη που μοιράζονται τους οικοτόπους 
του, τα αποτελέσματα των δοκιμών επίδρασης υδατικής καταπόνησης δείχνουν ότι το Z. hispanica εί-
ναι πολύ ευαίσθητο στην υδατική καταπόνηση, υποδεικνύοντας δυσκολία στη βλάστηση σε ημιξηρι-
κές και ξηρικές (άνυδρες) περιοχές και ότι η κλιματική αλλαγή μπορεί να περιορίσει τους φυσικούς του 
βιότοπους. Τα αποτελέσματα αυτής της μελέτης μπορούν να χρησιμεύσουν ως κατευθυντήριες γραμ-
μές για τα πρωτόκολλα πολλαπλασιασμού αυτού του είδους για την υποστήριξη της διατήρησης και 
της καλλιέργειάς του.

Hellenic Plant Protection Journal 18: 1-9, 2025
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