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Effect of abiotic factors in seed germination of the medicinal
aromatic plant Ziziphora hispanica L.

M. Djebbouri?, M. Zouidi*" and M. Terras'

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 fulfill these gaps, seed germination has
been studied under the effect of different incubation temperatures, and under the influence of defer-
ential concentrations of water stress and saline stress. The seeds were first incubated at different 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 /I) and various solutions of polyethylene glycol (PEGeooo)
(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 final 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-
ficulties 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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Introduction

Lamiaceae is the fifth largest family of flora
in Algeria after Asteraceae, Fabaceae, Brassi-
caceae and Caryophyllaceae. It is represent-
ed by 36 genera in the Algerian flora and
183 taxa (Dobignard and Chatelain, 2010-
2013). The genus Ziziphora of the Lamiaceae
is represented by three species (Z. hispani-
cal., Z capitataL.and Z. tenuiorL.) 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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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 effect of this
overexploitation with climate change makes
these speciesincreasingly 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-
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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 floristic di-
versity on the one hand, and the availability
of these medicinal plants for commercializa-
tion on the other (Rebbas et al., 2012; Tanga
etal., 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 affect 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 (Botia et
al., 1998; Jamil et al., 2006, Medjebeur et al.,
2018), salinity affects 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 effects of Na* and CI- 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 influence 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 effect 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 different incubation
temperatures of 15°C, 20°C and 25°C. For
water stress four concentrations of PEGeooo
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"). For water stress, four
concentrations of PEGgooo 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 21%):
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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=3nxD/3n

Where n: number of newly germinated
seeds at time,

D: number of days since the start of the ger-
mination test,

>n: 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).
Significant differences between the mean
values were tested using the Duncan test.
The SPSS version 24 software was used in all
analyses and the significance level was set
to 0.05.

Results

Effect of temperature on seed germina-
tion

The germination rate as a function of the
tested temperatures varied significantly (p
<0.001). At temperatures of 15 and 25°C, the
GP% ranged between 23.33% and 74.44%
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respectively (Fig. 3). The highest GP% was
observed at 20°C (94.44%). The mean MTG
at the different test temperatures are shown
in Figure 3; it was lower at 20°C compared to
25°C (Fig. 3).

Effect 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 different 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).

Effect of saline stress on seed germina-
tion

The effect of NaCl concentrations on
GP% is statistically significant (p< 0.001).
Seed GP% decreased in response to in-
creased concentration of NaCl in the imbi-
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Figure 3. Effect 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 different letters are
significantly different at p< 0.05.

Figure 4. Effect of different 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
different letters are significantly different 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 /I the influ-
ence of salinity was significantly 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
significantly (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 /I of NaCl

(Fig. 5).

Discussion

Effect 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.
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Figure 5. Effect of different saline stress on the percentage
and the mean time of germination of seeds of Ziziphora his-
panica L. Values with different letters are significantly differ-
entat p< 0.05.
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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 25°C.

Effect 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 affected 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, flour-
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 deficit 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 difficulty 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
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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.

Effect 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-
nificant from the concentration of 25 mmol
/L of NaCl and the germination was almost
inhibited beyond 100 mmol/I 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 influence of saline stress at
a concentration of 100 Mmol/I 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 effect 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/I 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 effects of temperature, salinity and wa-
ter stress should be assessed in the labora-
tory and in the field 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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Enidépaon afiotikwv mapayoviwyv otn BAGCTNON TWV CTIOPWYV
TOU (PAPHAKEUTIKOU APWHATIKOU (puUTOUL Ziziphora hispanica L.

M. Djebbouri, M. Zouidi kat M. Terras

NepiAnyn To Ziziphora hispanica L. (Lamiaceae) ival éva QAPUAKEUTIKO APWUATIKO QUTO, 1BayevEC
otnv AAyepia o nuIENPIKES TTEPLOKEC, 0TO Mapdko Kal otn voTia lomavia. Mapd 1o YapUAKEUTIKO Kal
OLKOVOUIKO evla@Epov KaBwG Kal To aféfato péANov mou pmopei va €xEL auTO TO €i60G 0TOUG PUTIKOUG
Tou Blotomoug, Sid@opa BEPata OXETIKA Pe T Bloloyia Twv omopwv Tou Sev gival yvwoTtd péXPL On-
Hepa. Ma va kahueBolv auTd Ta Kevd yvwongc, LEAETABNKE N BAGOTNON TWV OTTOPWV UTIO TNV EMidpa-
on SL0POPETIKWY BEPUOKPACIWY EMWACNC, SLAPOPETIKWY CUYKEVTPWOEWV USATIKAC KATATOVNONG Kal
alatotntag. Ot omépol enwdotnkav apxikda oe Sla@opeTikéG Beppokpaoied (15, 20 kat 25°C). Xtn cuvé-
X€la, otoug 20°C, mpaypatomolOnkav HeEAETEC PAAOTIKOTNTAC O SIAPOPEC CUYKEVTPWOELG XAWPLOU-
xou vatpiou (0, 25, 50, 75 kat 100 Mmol/I) kau og Sidpopa dtaAvpata mohuaiBulevoyAukoing (PEG6000)
(0,-0.2,-0.4, kat-0,6 Mpa). Ta anoteAéopata £deiéav 6Ti ol omdpol Tou Z. hispanica 6ev €xouv A\Bapyo
Kal n BéAtioTn Beppokpacia fAdoTnong ntav 20°C, 6ou onUEIWONKE TO PEYIOTO TEAKO TOC0OTO PAG-
0TnNong (94%). Mapatnprdnke VYNAAR apvnTIKA CUCXETION PETAED TOU MOCOOTOU BAAOTNONG KAl TWV
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Slapopwv ouykevipwoewv NaCl. e oOykplon pe AANa QUTIKA €idn mou polpalovTal TOUG OIKOTOTIOUC
ToU, Ta anmoTeAéopata Twv SoKIpwy emidpaonc vdaTIKAC Katamoévnong deixvouv otL o Z hispanica ei-
vat oAU guaioBnto oTnVv LdATIKA Katamovnaon, umodeikvuovtac SuokoAia otn BAdoTnon o€ nuIENPI-
KEC Kal ENPIKEC (Avudpeg) mEPLOKEC KAl OTI N KAIMATIKA AAAQYH UTTOPEL va TTEPLOPIOEL TOUC PUTIKOUE TOU
Biétomouc. Ta amoteAéopata authg TG MEAETNG UMTOPOUV VA XPNOIMEVCOUV WG KATEVOUVTHPIEC Ypa-
HEC Yla Ta TPWTOKOANA TOANAAQGIaoUoU auTtol Tou €iboug yia Tnv umooTthpEn TS dlatripnong Kat
NG KAANEPYELAC TOU.

Hellenic Plant Protection Journal 18: 1-9, 2025
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