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Abstract 

Thymus satureioides Cosson is an endemic chamaephyte to Morocco and Algeria. It 

belongs to the Lamiaceae family and commonly used in traditional medicine. Its over-

exploitation threatens its sustainability in many ecosystems in Morocco. This study 

aims to explore the effect of environmental factors (temperature and storage) on the 

germination capacity of the seeds of this species in order to contribute to contribute 

to the rehabilitation of degraded ecosystems of T. satureioides. Accordingly, seeds 

collected from natural plant populations were subjected to six alternating 

temperatures (40/25, 35/20, 30/15, 20/10, 15/5 and 10/0 °C with a 14/10 hr. 

thermoperiod) and three storage duration (3 years, 5 years and 8 years) under 

ambient laboratory conditions. The results indicate that the alternating temperature 

and the seed storage duration have a significant effect on the germination 

parameters according to the test of Student Newman and Keuls (SNK). The highest 

germination percentage 93% was recorded for the alternating temperature of 15/05 

°C, while high alternating temperature 40/25 °C strongly inhibited the seed 

germination. The 20/10 °C temperature regime was the best in terms of higher 

capacity and speed germination as indicated by the germination index (7.7 %/day for 

20/10 °C versus 0.5 %/day for 10/0 °C). Furthermore, these results show that seed 

stored for longer duration delayed germination and decreased the germination 

capacity and rate. Seeds stored at room condition retain seeds viability up to 3 years. 

However, after 5 and 8 years of storing, the germination percentage was significantly 

reduced (75.0 and 64.5% respectively), which also suggests a reduction of seed 

viability. 

Keywords: Dwarf shrub, Germination, Temperature, Storage, Longevity, 
Rehabilitation. 
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Influence des températures alternées et la durée de 
stockage sur la germination des semences de Thymus 

satureioides. 

Résumé 

Thymus satureioides Cosson est une chaméphyte endémique du Maroc et de 

l'Algérie. Elle appartient à la famille des Lamiacées et couramment utilisée en 

médecine traditionnelle. Sa surexploitation menace sa durabilité dans de nombreux 

écosystèmes au Maroc. Cette étude vise à tester l'effet des facteurs 

environnementaux (température et stockage) sur la capacité de germination des 

graines de cette espèce en vue de contribuer à la réhabilitation des écosystèmes 

dégradés de T. satureioides. Ainsi, les semences récoltées à partir de populations 

naturelles ont été soumises à six températures alternées (40/25, 35/20, 30/15, 20/10, 

15/5 et 10/0 °C avec une thermopériode de 14/10 h) et trois durées de stockage (3, 5 

et 8 ans) dans les conditions du laboratoire. Les résultats montrent que la 

température alternée et la durée de stockage des graines ont un effet significatif sur 

la germination (Student Newman et Keuls). Le taux de germination le plus élevé (93 

%) est enregistré pour la température alternée de 15/5 °C. Alors qu'aucune 

germination n'est observée pour la température alternée de 40/25°C. Le régime de 

température 20/10 °C reste le meilleur en termes de capacité et de vitesse de 

germination comme indiqué par l'indice de germination (7,7 %/jour pour 20/10 °C 

contre 0,5 %/jour pour 10/0 °C). Ces résultats montrent également qu'une durée de 

conservation plus longue des graines, entraîne un retard de germination et diminue 

la capacité et la vitesse de cette dernière. Les graines stockées dans des conditions 

ambiantes conservent leur viabilité jusqu'au-delà de 3 ans. Cependant, après 5 et 8 

ans de stockage, le taux de germination baisse significativement (75,0 et 64,5% 

respectivement) suggérant également une réduction de la longévité des semences. 

 

Mots-clés : Ligneux bas, Germination, Température, Stockage, Longévité, 
Réhabilitation.  
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 ةتريالزع إنبات بذورتخزين على الومدة  المتناوبة أثير درجات الحرارةت
Thymus satureioides 

 الحمراني البقالي عبد المنعمو عالم شكيب، سلام خالد، البوني حمزة ، وهزيزي إبراهيم
 

 الملخص

ة معمرال اتنباتمن ال Thymus satureioides Cossonالزعيترة  أو البري يعتبر الزعتر

 استغلاله في فراطالإ. لأغراض طبية الشفويات ويستعمل المغرب والجزائر. ينتمي إلى عائلةب والمتوطنة

 بيئية في المغرب.يهدد استدامته في العديد من النظم ال

 هذا النوع على قدرة إنبات بذور إلى استكشاف تأثير درجة الحرارة والتخزين يهدف هذا البحث

تعرضت البذور  لذلك،. وفقاً T. satureioidesوالمساهمة في إعادة تأهيل النظم البيئية المتدهورة من 

 ،35/20 ،40/25تناوبة )التي تم جمعها من مجموعات النباتات الطبيعية لست درجات حرارة م

ساعة( وثلاثة فترات التخزين  14/8درجة مئوية مع فترة حرارية  10/0و 15/5 ،20/10 ،30/15

 ( في ظروف المختبر.سنوات 8و سنوات 5وسنوات  3)

على معاملات  مهما تأثير مالنتائج أن درجة الحرارة المتناوبة ومدة تخزين البذور كان له أظهرت

 15/5لدرجة الحرارة المتناوبة  ٪93تم تسجيل أعلى نسبة إنبات  .SNKالإحصاء تبار لاخالإنبات وفقاً 

نظام  أنما درجة مئوية. ك 40/25أي إنبات لدرجة الحرارة المتناوبة  يسجلدرجة مئوية، بينما لم 

كما هو مبين في مؤشر  درجة مئوية هو الأفضل من حيث القدرة وسرعة الإنبات 20/10الحرارة 

أيضًا أن  النتائج. أظهرت (C°  10/0/ يوم لـ  ٪0.5مقابل  C°  20/10/ يوم لـ  ٪7.7)الإنبات 

قلل من قدرة وسرعة الإنبات. تحتفظ البذور  أنهكما تخزين البذور لمدة أطول أدى إلى تأخر الإنبات، 

من  سنوات 8و 5سنوات. بعد  3 تفوقً  لمدةالإنبات بقدرتها على  في الظروف المحيطة المخزنة

على التوالي( مما يشير إلى انخفاض عمر  ٪ 64.5و 75.0) مهمنسبة الإنبات بشكل  تنخفضالتخزين، 

 .البذور

 

 .إعادة تأهيل ،طول العمر ،الحرارة، التخزين الإنبات،، صغيرةشجيرة  :المفتاحيةالكلمات 
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Introduction 

Thymus satureioides Cosson is a dwarf shrub, spontaneous plant, endemic to 
Morocco and Algeria, adapted to hot and dry climate of the Mediterranean region. It 
is called Azoukenni or Azokni or Tazoukennit in Berber, and Zaitra or Zaâtar in 
Arabic. It is used as a spice in several foods and as a treatment for inflammatory 
diseases in traditional medicine (Bellakhdar et al., 1991). Due to the economic value 
of its essential oil and its use as a condiment by herbalists, it has become one of the 
most commercialized plants in Morocco. 

Nevertheless, due to uncontrolled and excessive exploitation for medicinal purposes 
and the overgrazing, the production, density and the recovery of T. satureioides are 
reduced in many steppes of Morocco. This species is threatened with extinction in 
certain regions of Morocco. Therefore, it is necessary to restore the steppe 
rangelands based on Thymus (Ouaddich and Bouzoubaa, 2016). This would ensure 
its rational use, and its rehabilitation can be done in-situ or ex-situ using different 
techniques. 

Germination is a complex process controlled by several factors, either environmental 
(availability of humidity, light intensity, and duration of temperature) or biological 
(species, size, viability, and dormancy of seeds) (Bewley and Black 1994; Steckel et 
al., 2004). Information on the requirements and characteristics of seed germination is 
therefore crucial for seed dispersal and thus for rangeland restoration and 
rehabilitation.  

Temperature is the most important factor affecting the maximum germination 
percentage and rate of germination (Phartyal et al., 2003). Many studies have shown 
the effect of temperature on the germination of Thymus species (Nadjafi et al., 2009; 
Abbad et al., 2011; Tolyat et al., 2014; Yadegari, 2018).  

Alternating temperatures have been proposed to be more favorable for germination 
than constant temperatures because seeds are subject to frequent variations under 
natural conditions (Baskin and Baskin 2014). 

Similarly, the storage period is the main factor affecting seed germination (Conversa 
and Elia, 2009). Storage at room temperature often leads to low seed germination, 
seed deterioration and loss of viability, which are natural phenomena during storage 
(Nasreen et al., 2000). 

In Morocco, no studies have been conducted on the germination of T. satureioides. 
Thus, the control of the germination conditions would contribute to the development 
of propagation and production methods for this plant and, ultimately, to the 
rehabilitation of degraded steppes dominated by T. satureioides.  

Consequently, the main hypotheses of this work are (i) T. satureioides could 
germinate in wide range of temperatures and (ii) seeds of this species could maintain 
their viability and germinability when stored for mid and long periods of time. 
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To verify these hypotheses, we have set, as objective to test the effect of different 
alternating temperature regimes and seed storage duration on the germination 
response of T. satureioides seeds. 

Material and Methods 

Seed collection and storage 

Fresh seeds of T. satureioides were collected from the region of Ait Hani in 2020, 
located in Tinghir province in the southeast of Morocco (31.75 North, 5.48 West, 
altitude 1992m). Old seeds were harvested in 2012, 2015 and 2017 from 
Experimental Station of Errachdia (31.92 North, 4.44 West, altitude 1040m). After 
harvest, seeds were stored dry in paper bags under laboratory room conditions. 
Temperature was ranging between 12 and 22 °C before the beginning of the 
germination test. In the laboratory, the inflorescences were shaken manually to 
detach the seeds, and then the selection of the seeds was done using a stereo-
microscope (45x) to detect the good seeds. 

Germination Experiments 

Germination tests started at the beginning of September 2020. The study was carried 
out under ambient laboratory conditions and inside a controlled incubator during 8 
months (till April 2021) in the Experimental Station of Errachidia (INRA-Errachidia). 

First, seeds of T. satureioides were selected and disinfected with 5% diluted 
hypochlorous acid for 5 minutes. Then, they were washed thoroughly 3 times with 
distilled water. Finally, they were placed on moistened filter papers in 15 cm diameter 
Petri dishes.  

Four dishes per treatment (50 seeds per dish) were placed in a controlled incubator 
according to a randomized complete block design. The photoperiod was 14h of light 
and of 10h dark. Seeds were considered germinated when the rootlets exceeded 1 
mm in length. Petri dishes are moistened with the same amount of water every two to 
three days depending on the temperature regime. This process was carried out for 
30 days for each treatment. 

Seed temperature treatment 

Five temperature regimes were defined to simulate the average day-night 
temperature of each season: R1: (10/0 °C), R2: (15/05 °C), R3: (20/10 °C), R4: 
(30/15 °C), R5: (35/20 °C) and R6: (40/25°C). For each temperature, the petri dishes 
were arranged in a randomized complete block design. 

Seed storage treatment 

Mature seeds (S1=8 years, S2=5 years, S3=3 years, and S4=control) were 
harvested in 2012, 2015, 2017, and 2020 respectively. Each year, samples were 
taken from individuals (plants) from the same area. The seeds of different storage 
duration were incubated in a randomized complete block design at the alternating 
temperature of 15/05 °C. 
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Germination parameters 

Final germination percentage or germination capacity is the most important and used 
parameter, but this parameter alone is not sufficient for reporting results because it 
does not give an idea on the time, spread, speed, uniformity and synchrony of 
germination (one lot of seed may have germinated well before the other, but both 
attained the same final germination percentage). These parameters are important for 
ecologists because it is possible to predict the degree of successful of a species 
based on the capacity of harvest seed to spread germination through the time (Ranal 
and Santana, 2006). 

Final Germination Percentage (FGP), Mean Germination Time (MGT), Germination 
Index (GI) or speed of germination, part germination time ((T25, T50, T75, T90) and 
Coefficient of Variation of the germination Time (CVt) were determined for each seed 
treatment to estimate the germination capacity and rate using the following formulas: 

FPG (%) =     (ISTA, 2015). 

Where, Ng is the number of germinated seeds and Nt is the total number of seeds. 

MGT (day)=   (Ranal and Santana, 2006). 

Where, Ti is the time from the start of the experiment to the ith interval, Ni is the 
number of germinated seeds in the ith time interval, and k is the total number of time 
intervals. 

GI (%/day) =   (Ranal and Santana, 2006). 

Where, Ti is the time from the start of the experiment to the ith interval, Ni is the 
number of germinated seeds in the ith, time interval, and k is the total number of time 
intervals. 

CVt = ,    (Ranal and Santana, 2006). 

Where, St² is the variance of germination time and MGT is the mean germination 
time. 

Finally, the part time of germination Tx, where x is the time to reach x% of final 
germination, for example the formula of the median germination time (T50, time to 
reach 50% of final germination) is as follow: 

 

   (Coolbear et al., 1984). 

N is the final number of germinated seeds, and Ni and Nj are the total number of 
seeds germinated in adjacent counts at time Ti and Tj respectively, when Ni < N+1/2 
< Nj. 
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Data Analysis 

Data were analyzed using SPSS 18 (IBM Corporation, 2010). The data were 
processed using one-way ANOVA analysis of variance for the test of temperature 
regimes and the seed storage duration. Means were compared using the Student 
Newman and Keuls test (SNK), and significance was determined at 95% confidence 
limits. 

Results  
 
Effect of alternating temperature on seed germination 

The alternating temperature regimes had a significant effect according to SNK test on 
Final Germination Percentage, Mean Germination Time, Germination Index, and 
Coefficient of Variation of germination time (Tab. 1). 
 
Germination occurred across a relatively wide range of temperatures, the highest 
final germination percentage was registered for the seeds incubated at three regimes 
(15-05°C (93%), 20-10°C (85%) and 30-15 °C (85.5%). On the other hand, 
germination ceased at the temperature regime 40-25 °C and was very low for the 
temperature regime 10-0 °C. Moreover, high and low temperature significantly 
delayed seed germination (Fig. 1). Indeed, we need 15 days at the temperature 
regime 10-0 °C versus 3 days at the temperature regime 20-10 °C to reach 10% of 
the final germination (Fig. 1). Thus, the most rapid germination was registered on the 
temperature regime 20-10 °C as shown by the table 1. Likewise, MGT that is a 
measurement of the average length of time required for maximum seed germination 
(Bewley and Black, 1994) showed a slower germination process for the temperature 
regime of 10/0 °C. On the other hand, the temperature regimes of 20/10 °C and 
30/15 °C exhibited a faster process of germination. 

Additionally, the germination index that is mixed parameter, which reflects the 
percentage of germination per day and germination speed, so higher GI values, 
indicates higher and faster germination. The result show also that the regimes of 
temperature 20/10 °C and 35/20 °C were the fastest ones while the temperature 
regime 10/0°C was the lowest one (Tab. 1). 

The germination also expressed by the coefficient of variation of the germination time 
(CVt) precisely describes the uniformity of germination during the whole period of 
germination. A higher CVt was registered for the temperature regime of 30/15°C 
(69.3 ± 5), indicating more irregular germination compared to other regimes. This 
coefficient (CVt) is significantly influenced by the increase of temperature regime 
resulting in more irregular germination process.  
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Figure 1. Effect of temperature regime on the germination time of a given percentage 
(from 10% to 90%). Bars represent Standard Error (±SE). 

 

Table 1. Effect of temperature on germination parameters of T. satureioides in 
different temperature regimes. 

FGP: final germination percentage; MGT: mean germination time (day); GI: germination 
index (%/day); CVt: coefficient of variation of the germination time. The means ± standard 
deviation with different letters are significantly different according to the SNK test at p<0.05. 

 
 

Temperatures FGP (%) MGT (day) GI (%/day) CVt 

10-0°C 19.0 ± 05.3b 20.1 ± 2.0d 0.5 ± 0.2a 15.6 ± 2.9b 

15-5°C 93.0 ± 03.5d 12.1 ± 1.0c 4.4 ± 0.5b 31.8 ± 3.9c 

20-10°C 85.0 ± 17.9d 06.2 ± 0.4b 7.7 ± 1.2c 34.1 ± 5.5c 

30-15°C 85.5 ± 13.4d 07.9 ± 0.9b 6.7 ± 1.0c 52.5 ± 7.6d 

35-20°C 60.0 ± 16.2c 10.7 ± 1.4c 4.3 ± 1.3b 69.3 ± 5.0e 

40-25°C 00.0 ± 00.0a 00.0 ± 0.0a 0.0 ± 0.0a 00.0 ± 0.0a 
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Effect of seed storage duration 

The results (Tab. 2) indicate that seed storage duration had a significant effect on 
germination of T. satureioides. Table 2 reveals that fresh seeds (<1 years, control) 
had a higher FGP (93%) but not significantly different from those stored for 3 years 
(91.5%). After that period, FGPs were significantly lower with long storage. Lowest 
significant FGPs are shown in seeds stored for 5 and 8 years (78 and 64.5% 
respectively). This indicates that seeds start to lose their viability after 5 years in 
room condition of Errachidia. 

The figure 2 show that the storing period affects slightly the kinetic of germination. In 
fact, at the beginning, fresh seeds (< 1 year) have germinated slowly compared to 
other storing periods, but at the end, fresh seeds and those stored for 3 years and 5 
years germinated faster than seeds stored for 8 years. This result is also approved 
by MGT (Tab. 2). The GI show that the duration of seed storage negatively affects 
the capacity and speed of germination. Nevertheless, the CVt showed an opposite 
positive effect of the storage duration by improving the uniformity of germination in 
comparison with the fresh seeds (Tab. 2). 

 

 

 

Figure 2. Effect of storage duration on the germination time of a given percentage 
(from 10% to 90%). Bars represent Standard error (±SE). 
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Table 2. Effect of storage duration on germination parameters of T. satueiroides. 

FGP: final germination percentage; MGT: mean germination time; GI: index of germination 
velocity; CVt: coefficient of variation of the germination time. The means ± standard deviation 
with different letters are significantly different according to the SNK test at p<0.05. 

 
Discussion 
 
Effect of alternating temperature on seed germination 

The study of the effect of temperature on seeds germination of T. satureioides 
revealed that this factor is highly important, especially for higher and lower 
temperatures. The establishment of plants in arid regions is often limited by the 
temperature even though the conditions of humidity are favorable. In general, higher 
proportion of germinated seeds was recorded for three temperatures regimes (15-
05°C, 20-10°C and 30-15°C) which could indicate a wider plant thermo-tolerance. 
Increasing and decreasing temperatures affect not only seed germination, but also 
affect the germination process. Sometimes, high or low temperatures also result in 
secondary dormancy, known as thermos-dormancy (Huo et al., 2013). Previous 
investigations on Thymus vulgaris and Thymus daenensis showed quite similar 
results as the highest final germination percentage was registered at a temperature 
regime of 25/15 °C (Yadegari, 2018). Furthermore, the maximum final germination 
percentage for Thymus maroccanus was recorded at temperature of 15 °C (Abbad et 
al., 2011). Nadjafi (2009) reported that the optimal temperature for T. daenensis 
subsp. daenensis seeds was 20°C. Thanos et al. (1995) defined this temperature 
range (15 to 20°C) as the optimum temperature for germination of many thyme 
species. In addition, the optimal temperature of seed germination differs within the 
same family, genus and even for the same species (Baskin and Baskin, 1998). 

The results demonstrate that the germination of T. satureioides is quite good in 
several temperatures (15-05°C, 20-10°C and 30-15°C) which could justify their great 
elasticity and distribution in the Moroccan territories. Such information is useful to 
identify suitable geographical regions for plant establishment. In addition, the ability 
of this plant to germinate in almost all the temperatures regime (except 40-25 °C) 
indicates the potential of establishment in areas with different thermal conditions. 
Alternating temperature regime has been reported to be one of the most important 
methods of breaking seed dormancy, and is often more favorable to germination than 
constant temperatures (Baskin and Baskin, 2004; Yogeesha et al., 2006). 

Storage duration 
FGP (%) MGT (day) GI (%/day) CVt 

< 1 year (control)  93.0±3.5c 12.1±1.0a 4.3±0.5c 31.8±3.9a 

3 years 91.5±4.1c 11.0±0.5a 4.5±0.2c 25.3±4.1ab 

5 years 78.0±5.7b 11.6±0.7a 3.6±0.3b 26.8±4.0ab 

8 years 64.5±7.5a 13.4±0.5b 2.6±0.4a 24.3±1.3b 
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Effect of seed storage duration 

The present investigation, testing seeds for mid and long-term storage, confirms that 
the storage duration significantly affects the seed germination capacity as also 
indicated by Montaño-Arias (2021). Nevertheless, this attribute depends on the 
species, Wang et al. (2010) reported an increase in seed germination with the 
increase of seed storage time for other species. The viability of seeds of T. 
satureioides at room condition could last at least 8 years, which indicate a greater 
longevity of seeds of this species. However, this ability to germinate is decreasing 
over time, requiring always the utilization of fresh seeds or seeds that not exceed 3 
years when stocked at room conditions. Unfavorable storage environmental 
conditions especially the increase of temperature and relative humidity might 
deteriorate the seeds resulting the decrease of seed vigor and germination (Mariucci 
et al., 2018). The seeds of most species of plants could be stored for long periods in 
dry cold conditions and then germinated. The potential of seeds to stay dormant is 
highly useful for ex-situ conservation as it allowed by freezing. Ex-situ preservation 
requires controlling the moisture content of seeds and keeping them at low 
temperatures (FAO/IPGRI, 1994). Indeed, in the Mediterranean flora, especially 
vascular flora, seed storage may be good tool for the restoration and conservation of 
a number of rare and endangered species (Demonty et al., 2014). Moreover, the 
oxidation of seeds by reactive oxygen species is the major responsible factor for 
much of the damage that is done during storage (Bailly, 2004; Kranner et al., 2010). 
Since seeds enter dormancy in seed bank storage, ageing processes are slowed, 
and variability in seed longevity between species can be due to the properties of the 
glassy state (Walters et al., 2010). 
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Conclusion and additional research 

This study demonstrates that temperature is a determining factor for the germination 
capacity and process of T. satureioides. The results suggest that this species 
germinates quite very well over a wide range of moderate temperatures (15/05 °C, 
20/10 °C, and 35/20 °C) indicating a wide thermo-tolerance plasticity. Additionally, 
the regime 20/10 °C was the best one in achieving germination in short time. High 
temperatures (40-25 °C) strongly inhibit the germination of T. satureioides. Storage 
duration under room conditions negatively affects the ability and speed of seeds to 
germinate. After 8 years of storage at room conditions, seed are still alive but the 
germination capacity was significantly decreased to 64.5%.  

This study provides several information on the germination and viability of T. 
satureioides seeds, these data certainly serve as part of the domestication and the 
preservation of this endangered taxon. However, several complementary studies 
could be carried out in order to control all steps of storing seeds, multiplication and 
establishment of the species. As perspectives, more investigation should be done for 
determining the factors of the seed deterioration during storage (is it temperature 
dependent?). The study of the effects of salinity and drought stress on the 
germination will permit to identify more suitable geographical regions for plant 
establishment. In addition, the test of the vigor and the growing conditions of 
seedlings according to different temperatures should be accomplished. As a final 
point, the definition of geographical regions and the optimal conditions for 
transplanting seedlings should be explored. 
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