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Abstract 
Dadach. M., Mehdadi, Z., 2021. Drought tolerance of three ethnomedicinal shrubs evaluated based on 
their seed germination rates at different drought levels induced by using polyethylene glycol (PEG6000). Folia 
Oecologica, 48 (1): 49–54. 

Sideritis incana, Stachys ocymastrum, and Thymus fontanesii are medicinal plants belonging to the Lami-
aceae family and occurring in semi-arid lands in northern Algeria and in many other countries along the 
Mediterranean coastline. Despite the ecological and economic interests and also the questionable future these 
species may meet in their natural habitats, various aspects of their seed biology have not been recognised 
to this date. This study was intended for in situ conservation of these plants. The problem investigated was 
the germination response of seeds to different water potential levels attained with using different amounts 
of polyethylene glycol (PEG6000) (0, –0.03, –0.07, –0.2, –0.5, –1 and –1.6 MPa). In this way, the appropriate 
conditions and the threshold tolerance of seed germination against water stress were assessed. Seeds of the 
three species lacked primary/innate dormancy and they germinated abundant and fast in distilled water (S. in-
cana – 65%; S. ocymastrum – 60% and T. fontanseii – 90%). Small seeds of T. fontanesii tolerated more water 
stress and germinated under up to –1 MPa (–10 bars). Large seeds of S. incana and S. ocymastrum, however, 
were more sensitive to the drought stress and germinated only under –0.5 MPa (–5 bars). Moreover, more 
studied parameters were found developing negative reponse under rising drought stress, such as postponed 
triggering of seed germination, decreased germination velocity and prolonged germination duration, as well 
as the average time of germination. Therefore, these three plants appear to postpone their establishment until 
arrival of conditions promising for germination, including sufficient rainfall.
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Introduction

Covering almost 1.6% of the Earth’s surface, the 
Mediterranean basin, with more than 25,000 (10%) 
of the world’s Spermaphytes, harbours a particular 
richness of plant diversity (Medail and Quezel, 1997). 
A standardised sampling study leaded by Fernandez-
Calzado et al. (2012) reports that some Mediterranean 
sites with prevalent rare and endemic plants have been 
designated as regional hotspots. In this region, however, 
some environmental constraints (i.e. drought and high 
salinity levels in soils) are considered to be the major 
factors limiting plant establishment and prosperity. 
Up to now, Mediterranean plant communities have 
been exhibiting either endurance or adaptation failures 
against erratic climate, with the changes in timing, 
synchronicity and amount of precipitation seeming 
unpredictable (Cochrane et al., 2015). For these reasons, 
the Mediterranean ecosystem was very attractive for 
researchers and naturalists, providing them with the 
possibilities to deepen their knowledge about the plant 
adaptation under the diversity of climatic scenarios, 
involving shortage in water availability. 

The key problem in the plant stress research, is 
understanding of how this stress influences the plant 
behaviour and how the plants interact through their 
plasticity and adaptability (Blum, 2015). On the other 
hand, plants thriving in unpredictable and variable 
environment may display various strategies developed to 
overcome harsh ecological conditions, from the first up 
to the last phase of their life cycle; and in this way these 
strategies ensure the plants successful establishment and 
long-term population survival. Indeed, tolerance of seeds 
against drought is usually dependent on the ability of 
seeds to germinate even under the lowest levels of water 
potentials induced by water shortage. As a part of plant 
conservation strategies, knowledge on seed germination 
tolerance against drought is the cornerstone for framing 
the post-germination behaviour leading to successful plant 
establishment (Donohue et al., 2010). 

It is worth noting that numerous studies had already 
exhibited the negative effects of water stress on germination 
success in various Mediterranean plants (Gorai et al., 2014; 
Dadach et al., 2015). Thus, germination failure under 
decreasing water potential is often due to the inactivated 
enzymes and hormones found in seeds. Furthermore, 
water stress may disrupt mechanisms leading to radicle 
protrusion, therefore the seed germination triggering 
is postponed (Gill et al., 2003). The processes used 
for controlled drought simulation at laboratory include 
treating seeds with polyethylene glycol (PEG), a non-
ionic water polymer restraining water percolation through 
the seed coat (Pavia et al., 2019). 

Sideritis incana, Stachys ocymastrum and Thymus 
fontanesii are three Lamiaceae mainly used in folk 
medicine, thanks to their multiple therapeutic effects 
(Lakhal et al., 2011; Cheurfa et al., 2013). In this context, 
these tree species are actually suffering overexploitation, 
exaggerated by drought and soil salinity (Underwood et 
al., 2009). A previous study reports that mature seeds of 

these three species display a wide range of viability, with 
a characteristic non-deep primary dormancy (Dadach and 
Mehdadi, 2018a). There have already been recognised 
differences in salinity tolerance of these species, indicating 
that NaCl delayed and/or even potentially hampered the 
germination process at higher saline concentrations 
(Dadach et al., 2018). Neverheless, the effects of drought 
stress have not been investigated yet. The purpose of this 
study was to evaluate the germination performance of the 
studied species facing water stress, with the aim to provide 
research results for conservation programs targeted at the 
remaining populations in the Tessala Mount, Algeria.

Materials and methods

Plant material

Mature seeds of Sideritis incana (35°16’23.54’’ N, 
0°46’45.01’’ W), Stachys ocymastrum (35°16’03.94’’ N, 
0°46’18.63’’ W), and Thymus fontanesii (35°16’19.19’’ N, 
00°46’02.14” W), ready to disperse (Fig. 1), were collected 
in the summer 2015 from a scrubland community growing 
in the Tessala Mount located in North-Western Algeria. This 
location is semi-arid with typical Mediterranean climate 
characteristics; with summer temperature occasionally 
exceeding 35 °C and annual precipitation generally less 
than 400 mm. The seeds were picked up randomly from 
the vast number of plants of each of the tested species 
(more than 30 for each). At the laboratory, seeds were 
immediately peeled manually from the inflorescence husk, 
their surface was sterilized with 5% of bleach (sodium 
hypochlorite) for 5 min, then followed a thorough rinsing 
with distilled water and air-drying. The seeds were stored 
in bags under ambient laboratory temperature, until the 
implementation of the tests.

Germination experiments 

Before the beginning of the experiments, the seeds were 
subject to a float test in water, to determine their viability;  
with the drowned seeds presumed as full and viable 
(Calonje et al., 2011). Thereafter, seeds from the different 
tested plants were set in a series of PEG6000 concentrations 
of 0, –0.03, –0.07, –0.2, –0.5 and –1 MPa, (–1.6 MPa 
added for T. fontanesii). The seeds were arranged in 
9 cm Petri dishes, split up into four replications per an 
assay (n = 4) of 25 seeds per a lot, placed on two layers 
of Whatman No. 1 filter paper and supplied with 10 ml of 
PEG solution except for the control (0 MPa), deionised 
water was used. The dishes were wrapped with a lid to 
minimize the evaporation and incubated at the optimum 
germination conditions for the three species, known to 
be 20 °C in darkness (Dadach and Mehdadi, 2018a). 
The used PEG levels were selected based on the results 
of a preliminary experiment assessing drought tolerance 
in the three species. Germinated seeds (i.e. protrusion by 
embryonic axis) were recorded every two days up to the 
germination end.



51

Data analysis

With the aim to better understand the germination 
performance, the following parameters were recorded: 
Germination percentage (GP), latency time or time taken 
by each lot to record the first germinated seeds (LT), 
germination length from the beginning until the end of 
germination (GL), germination velocity (GV) expressed 
as GV = ∑Gi/t, where Gi is percent germination at 2 days 
interval and t is the total germination time (Khan and 
Unngar, 1984), further, the mean time of germination 
(MTG), expressed as MTG = ∑niti/N, where ni is the 
number of seeds that had germinated at the day i, ti is the 
time from the start of the experiment to the ith observation 
and N is the total number of germinated seeds (Ranal and 
Santana, 2006).

The data were tabulated and analysed using SPSS 
for Windows, version 20. Germination data were arcsine 
transformed from the number of germinated seeds to 
percentages ± standard error (SE), before the statistical 
analysis, to ensure the homogeneity of variance. A one-
way analysis of variance (ANOVA) was carried out to 
test the effects of water stress on the main germination 
patterns. A paired-samples t-test, by using Tukey test, 
was conducted to estimate the least significant differences 
between the mean germination percentages.

Results and discussion

The applied stress affected significantly (p < 0.05) the 
final germination percentage (GP) (see the results of 
analyse of variance (ANOVA), Table 1). As supposed, 
the germination maxima in Sideritis incana, Stachys 
ocymastrum and Thymus fontanesii were attained in 
absence of stress (0 MPa). The seed germination decreased 
with increasing stress, and it stopped completely for S. 
incana and S. ocymastrum at –1 MPa and for T. fontanesii 
at –1.6 MPa (Fig. 2). These figures are considered as the 
germination threshold tolerance values. Similar results 
have already been given in several studies as Abbad et al. 
(2011) and Dadach et al. (2015) reporting that the seeds 
of Thymus maroccanus, T. broussonetii and T. serpyllum 
were affected by the drop in water potential and, contrarily, 

they exhibited a high germination rate in the stress 
absence. Similarly, germination of Stipa tinacissima, grass 
flourishing in the Mediterranean semi-arid climate areas, 
was also very sensitive to a range of water potential from 
0 to –1.6 MPa (Krichen et al., 2014). In fact, Faisal et al. 
(2019) inferred that the effects of drought stress depend 
not only upon the intensity and length of water shortage 
but also upon the phase of plant growth, as the germination 
is the most sensitive stage in the plant life cycle, and as 
such, this stage is the most sensitive to stress.

The results summarised in Table 1 show that the 
water stress affected not only GP but that the rising water 
stress influenced significantly (p < 0.05) also the other 
germination parameters. In summary, the latency time 
(LT), germination length (GL) as well as average time 
of germination (MTG) showed the shortest values at the 
absence of stress. The seeds of S. ocymastrum and T. 
fontanesii germinated most quickly (LT = 2 days), unlike 
the control S. incana seeds (LT = 7.4 days). However, 
the LT was delayed when the water potential dropped. 
Regarding the germination length (GL), the control 
exhibited the shortest periods of germination (T. fontanesii 
germination took less time at –0.03 MPa than at 0 MPa, 
but no statistically significant difference was recorded), 
contrarily, GL extended with increasing water stress. The 
mean time of germination (MTG) uniformly increased 
with decreasing water potentials in the studied three 
species, which means from 10.5 to 13.4 days for S. incana 
(despite no statistically significant difference among 
values), 5.8 up to 7.2 days for S. ocymastrum and 4.6 to 7.4 
days for T. fontanesii. On the other hand, the germination 
velocity (GV) dropped steeply with falling water potential 
(0 MPa, 17% vs –0.5 MPa, 1.2%, S. incana); (0 MPa, 24% 
vs –0.5 MPa, 3.5%, S. ocymastrum) and (0 MPa, 38.1 % 
vs –1 MPa, 14.8%, T. fontanesii). A remarkable delay 
in germination with the decrease in water potential was 
observed also by other authors (Al-Taisan et al., 2010; 
Dadach and Mehdadi, 2018b; Pavia et al., 2019). 

Seed germination in S. incana, S. ocymastrum and T. 
fontanesii, under the Mediterranean climate conditions, 
sets out in late autumn, when precipitation often onsets 
(Galméset al., 2006). Consequently, regarding the lacking 
precipitation in the late summer and early autumn, the 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

Fig. 1. Seeds of the three studied species. A, Sederitis incana; B, Stachys ocymastrum, C, Thymus fontanesii. 
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Fig. 1. Seeds of the three studied species. A, Sideritis incana; B, Stachys ocymastrum, C, Thymus fontanesii.
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Table 1. Germination parameters of S. incana, S. ocymastrum and T. fontaneseii seeds, incubated at 20 °C, in response to water 
stress (mean ± SE, n = 4). Germination percentage (GP, %); latency time (LT, days), germination length (GL, days); germina-
tion velocity (GV, %); mean time of germination (MTG, days)
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PEG (MPa) GP (%) LT (days) GL (days) GV (%) MTG (days) 
Sideritis incana 

0 
–0.03 
–0.07 
–0.2 
–0.5 
–1 

F value 
Stachys ocymastrum 

0 
–0.03 
–0.07 
–0.2 
–0.5 
–1 

F value 
Thymus fontanesii 

0 
–0.03 
–0.07 
–0.2 
–0.5 
–1 

–1.6 
F value 

 
65 ± 5a 
58 ± 3b 
38 ± 3c 
28 ± 4d 
5 ± 2e 

0e 
172.20 

 
60 ± 8a 
45 ± 4b 
30 ± 5c 
18 ± 2d 
10 ± 4de 

0e 
83.56 

 
90 ± 5a 
83 ± 10a 
80 ± 9a 

73 ± 10a 
50 ± 4b 
37  ± 7b 

0d 
48.69 

 
7.4 ± 1.2a 
8.6 ± 1.2ab 
9.4 ± 1.6abc 

10 ± 0bc 
11 ± 1.4c 

– 
4.43 

 
2 ± 0a 

2.6 ± 0.8a 
2.8 ± 0.6a 
3.6 ± 0.5ab 
5.6 ± 1.2b 

– 
5.78 

 
2 ± 0a 
2 ± 0a 
2 ± 0a 
2 ± 0a 
2 ± 0a 

3.4 ± 1.2b 
– 

4.00 

 
14 ± 0a 

17.4 ± 1.2b 
17.4 ± 1.2b 

16 ± 0b 
14.2 ± 1.4a 

– 
12.12 

 
8.8 ± 1.2a 
9.4 ± 0.8a 

10.2 ± 1.2ab 
10.8 ± 1.8ab 
11.4 ± 1.5ab 

– 
3.12 

 
9.7 ± 0.5ab 

8.4 ± 0.4a 
11.4 ± 0.8bc 
11.6 ± 1bc 

11.9 ± 0.8abc 
12 ± 1.2bc 

– 
8.96 

 
17 ± 1.5a 

12.8 ± 1.9ab 
8.6 ± 1.7bc 

6.4 ± 1c 
1.2 ± 1.2d 

 
46.89 

 
24 ± 1a 

18.1 ± 2.4b 
12.5 ± 2.8b 

7 ± 1.3c 
3.7 ± 2c 

– 
49.89 

 
38.1 ± 1.6a 
36.4 ± 2.5a 
32.6 ± 3.3b 
32.1 ± 1.8b 
22 ± 1.8c 
14.8 ± 5c 

– 
23.80 

 
10.5 ± 0.2a 
12 ± 0.9a 

13.1 ± 1.1a 
13.4 ± 1.6a 
12.2 ± 0.2a 

– 
1.56 

 
5.8 ± 0.6ab 
5.5 ± 0.8ab 
4.8 ± 0.5a 
6.8 ± 1.2bc 
7.2 ± 0.8c 

– 
13.45 

 
4.6 ± 0.2a 
4.4 ± 0.2a 
5.6 ± 0.6ab 
6.1 ± 0.5bc 
6.7 ± 0.4c 
7.4 ± 0.6cd 

– 
16.83 

Different lower case letters (column) show significant differences between the means (P < 0.05) according to a paired- samples 
t-test (Tukey test).

ripe seeds fail to germinate immediately after dispersal, 
with ungerminated seeds usually leading to the formation 
of transient soil seed banks germinating naturally from 
autumn to early spring. However, the global change 
impacts on the Mediterranean climate indice more frequent 
and longer harsh drought periods, high temperatures and 
changes in precipitation patterns (Rey et al., 2011). This all 
is a threat for the plant establishment and growth. Indeed, 
the germination requires an availability of a resource, an 
optimum range of temperature and an appropriate soil 
moisture content. The germination success of S. incana, S. 
ocymastrum and T. fontanesii was severely deteriorated by 
water stress. This indicates that the drought, in the natural 
habitats of these species would prevent and even restrict 
their distribution and exploitation as medicinal plants.

Interestingly, small seeds of T. fontanesii were more 
tolerant to water stress and germinated up to –1 MPa. 
However, for large seeds of S. incana and S. ocymastrum 
germination dramatically decreased at –0.5 MPa. Small 
seed size is often described as a common adaptive 
feature of the plants inhabiting disturbed environments 
(Stromberg and Boudell, 2013). On the one hand, it 
may facilitate dispersal and reduce the chances of seed 
predation (Shepherd et al., 2005). On the other hand, 

small seeds hosting small embryos, characterized by high 
and fast germination, require little amounts of energy 
while low water potential can usually trigger germination 
through the degradation of storage reserves involved in 
the embryo growth.

In conclusion, these results will certainly be embedded 
in in situ consevation program upon the studied species. 
Considering the confirmed negative effects of water stress, 
we recommend sowing seeds and planting seedlings in 
habitats with sufficient annual precipitation amounts 
mitigating the impacts of drought and increasing the 
chance of seedling survival. In addition, to extrapolate 
these findings, it is more suitable to pursue this work 
by evaluating, in laboratory and in field, the effects of 
temperature, water stress and salinity on further plant 
growth stages. Another interesting research approach 
to explore in plant conservation biology is assessment 
of the longevity in seeds stored-under environmentally 
controlled conditions, carried out at regular time intervals.
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