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Abstract: The Moroccan aromatic and medicinal plants are remarkable by a great
richness, diversity and high socio-economic value. The objective of this study is to
estimate the quantity of Thymus satureioides, in two steppes Zaouiat Sidi Hamza (ZSH)
and Assoul (AS) located in the eastern high atlas of Morocco. The total area of T.
satureioides steppe at ZSH is 340 Ha, which remains small compared to AS site (560 Ha).
The results showed that the density in ZSH is higher (212.6 plant/100 m?) than AS (136.6
plant/100 m?). Also the results demonstrate regeneration rate, the amount of dry matter,
and dry foliar mass are higher in ZSH than in AS. recovery of T. satureioides in the ZSH
site was 33.6%. However, the AS site recovery 7.9%. Similarly, the yield of essential oil
from T. satureioides is higher in ZSH site compared to the AS site. Therefore the two
steppes are not exploitable but they are in need of rehabilitation.
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1. Introduction

The therapeutic qualities of herbal medicines are attributed to bioactive secondary metabolites
(Croteau et al., 2000). According to the World Health Organization (WHO), 70% of the world's
population relies on the Traditional Health Care System (THCS) to treat a variety of ailments and
diseases. Thus, the development of this heritage suffers from a lack of precise knowledge regarding
the existing potentialities. Harvesting medicinal and aromatic plants is a socioeconomic strategy to
diversify agricultural production while still providing jobs for local people. This activity gives about
500 000 working days for a total income of 25 million MAD to the local community and creates
additional cash for rural communities (Taleb, 2013). The eastern high atlas of Morocco is one of the
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regions of Morocco which presents a distinguished floristic diversity. It is characterized by rich
endemic flora. Another one is characterized by their richness in aromatic and medicinal plants. But
despite these potentialities, the ecosystems of this area are particularly threatened by several
anthropogenic and climatic factors. Thymus is a Lamiaceae genus, 7. satureioides is an endemic
Moroccan medicinal plant locally known as “Azkuni” or “Zaitra”. It has been extensively used in folk
medicine against numerous diseases, including arterial hypertension, cold, diabetes, fever (Abouri et
al., 2012); (El Hafian et al., 2014). Essential oil of 7. satureioides has shown an important antioxidant,
antifungal and antimicrobial activity (Ou-yahia et al., 2017; Salhi et al., 2018) and corrosion inhibition
(Bammou et al., 2010). 7. satureioides is geographically found in forest clearings, scrub, matorrals,
and low and medium mountains up to 2200 m altitude (Benabid, 2000). This species grows on siliceous
limestone substratum and rocky to moderately earthy soils in the High Atlas and Anti-Atlas of
Morocco. From a climatic point of view, T. satureioides is located in the arid to subhumid bioclimate,
with hot, temperate, and fresh variants (Fennane et al., 2007). several studies have begun on the
domestication conditions of 7. satureioides by seed germination (Ouahzizi et al., 2023; Ouahzizi et al.,
2022; Chetouani et al., 2017 ) or by mastering cutting techniques (karimi et al., 2018). Despite the
efforts to cultivate this plant, the exploitation of wild resources remains the most used method.

The objective of our study is to knowledge the production potential of 7. satureioides in order to see
the possibility of exploitation of this plant.

2. Material and methods
2.1 Study area

The sites characterized by the presence of 7. satureioides steppes (Figure 1) are :

Site 1: named Zaouit Sidi Hamza located at the level of province of Midelt region of Draa Tafilalet,
south east of Morocco under the coordinates ( longitude: 32.445663 latitude: -4.710392 altitude: 1780
m).

Site 2: named Assoul located at the level of province of Tinghir region of Draa Tafilalet, south east
of Morocco under the coordinates (longitude: 31.956559 latitude: -5.208103 altitude: 1629 m).

2.2 Climate data

The rainfall data for the study area consists of two observation posts belonging to the Hydraulic Basin
Agency Guir Ziz Gheris. The data analyzed in this study comes from this agency. Monitoring of monthly
precipitation between 1981 and 2020. However temperature data for the two stations are taken from
https://power.larc.nasa.gov/.

2.3 Methodological approach

We deliberately chose a minimum area of 100 m?. Sampling was conducted in T. satureioides
dominated step. During the survey, five plot of size (10 x 10m) were randomly constructed. Different
traits like density, Young plants, regeneration rate and Recovery of 7. satureoides in two steppes were
investigated. For the biomass estimate, a quadrant of 1m? is cut, transported and dried in order to
estimate the dry mass, and dry foliar mass. Data were represented as mean and standard deviation
(SD).
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Figurel. The geographical location of the study area.

Photo 1. Thymus satureioides.

2.4 Essential oil isolation

The plant materials were dried in shade. Then, 60g of the dried plant materials was subjected to
hydrodistillation in 500 ml of distilled water for 4 h using a Clevenger-type apparatus. The essential
oil was separated, then calculated the yield.
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3. Results and Discussion
3.1 Description of the study area

The AS site belongs to the Rheris basin which is characterized by geological formations made up
mainly of sandstone-quartzitic and schists of Paleozoic age and predominantly limestone terrain of
Mesozoic age (Margat, 1952). On the other hand, the site of ZSH belongs to the Ziz basin which is
characterized by carbonate Jurassic series based in concordance on the red detrital formations of the
lower Triassic-Lias. lithologically, it is essentially made up of dolomites, limestones, marl-limestone
alternations and silico-clastic detrital (Chafiki et al., 2007; Charrire, 1990; Hinaje, 1995; Sadki et al.,
1999).

3.2 Comparaison of climatic date between two site of study area

The site ZSH characterized by a arid climate with cold and dry winters, hot and dry summers giving
the average annual rainfall about 278.43+95.67 mm / year. Likewise the annual temperature is around
12.93 °C (Tablel). concerning site AS it is also of arid climate with an average annual rainfall is about
179.09+£97.03 mm / year (Tablel), and an annual temperature of 14.73 °C. The ZSH site characterized
by less dry years than the AS site, on the other hand the average temperature of AS always remains
higher than that of ZSH.

Tablel. Climate information of tow steppes of 7. satureioides.

Site Longitude Latitude Altitude (m) Annual temperature Annual rainfall
(°O (mm)

Z.S.Hamza 32.445663 -4.710392 1780 12.93 278.43+95.67

Assoul 31.956559  -5.208103 1629 14.73 179.094£97.03

3.3 Ecological parameters of two steppes of T. satureioides

The ZSH steppe is characterized by a smaller area (340 Ha) than at the AS site which covers an area
of 560 Ha (Table 2). The recovery of 7. satureioides in this site was 33.6%. However, the recovery of
AS site is 7.9%. These differences between the recovery of two sites may be due to differences in
climate. The climate of the ZSH is less arid compared to the AS. T. satureioides of ZSH characterized
by a regeneration rate of 25.96%. However, the regeneration rate of the AS does not exceed 16.83%.

Table 2 shows that the density of T satureioides is 212.6 plants per 100 m?, at the ZSH site, on the
other hand in the AS site it does not exceed 136.6 plants per 100 m2. Concerning the young plants of
T. satureioides, the number of young plants at the level of site ZSH wait for 55.2 plants per 100 m2.
However, this parameter remains weak at the level of site AS (23 individual per 100m?).

Table 2. Ecological records of two steppes of T. satureioides

Site Z.S. Hamza Assoul
Aera (Ha) 340 560
recovery (%) 33.6% 7.9%
Density ( individuals /100m2) 212.6£20.15 136.6+£23.21
Number young (individuals /100m?2) 55.2+£7.22 23+6.61
Regeneration (%) 25.96% 16.83%
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3.4 Phytomass and yields of the essential oils of T. satureioides at two sites.

Table 3 shows that the amount of dry matter, dry foliar matter and essential oil yields of T.
satureioides was higher at the ZSH site compared to the AS site. The quantity of dry matter are 312.64
kg/ha and 99.59 kg/ha for ZSH and AS respectively. Also the amount of dry foliar mass are 108.48
kg/ha and 34.55 kg/ha in ZSH and AS respectively. In Ourika site, the quantity of dry matter of 7.
satureioides is 235.83 kg/Ha with an average selling price of 500 dh/kg of dry matter. The total dry
mass and dry foliar mass of 7. pallidus are 327.55 Kg/ha and 109.00 Kg/ha, respectively. T. atlanticus
has the lowest total dry mass and dry foliar mass of 37.00 Kg/ha and 13.55 Kg/ha, respectively. On the
other hand, the average selling price in the form of floral waters is 180 dh/kg (Arhinful, 2017). On the
other hand, the annual production of 7. vulgaris does not exceed 34 tonnes/year at the level of the
cooperatives and associations of the Meknés-Tafilialt (Fadil et al., 2014). The average tonnage of this
material exported each year is 1140 t, with a value of 12.9 million MAD (Taleb, 2017). The value of
these exports for exporting dried aromatic and medicinal herbs, as well as locust beans, is 4% (Taleb,
2013). In particular, in 2014 Morocco exported 2693 tonnes of dried thyme to at least 20 markets, of
which the top 4 countries are Nigeria, the USA, Turkey and Spain. The export packaging units are
located in Marrakech, Casablanca and Fez. The processed raw materials are harvested far from these
packaging areas, particularly in the terroirs of the Souss Massa region in the High Atlas. In the latter,
a few small quantities are packaged and exported to the French, Swiss and German markets (Ouaddich
et Bouzoubaa, 2016).

The yield of T. satureioides essential oils between the two sites is closer, the yield recorded in AS
is 1.56%, and 1.98% for ZSH. Likewise, the yields of essential oils from 7. satureioides vary between
1.4% and 2.7% (Ramzi et al., 2017). On another (El Bouzidi et al., 2013) shows that the yield of 7.
satureioides on essential oil was 1.86% for wild plants. Another the average yields from the essential
oils of the air-dried aerial parts of the representative samples of 7. satureioides subsp.
Pseudomastichina, T. leptobotrys, T. broussonnetii subsp. hannonis and T. riatarum were 2.66, 1.73,
2.29 and 1.24% (v/w), respectively (Boubaker et al.,2016). The air-dried yielded 1.65%, w/w for T.
pallidus and 0.7%, w/w, for T. satureioides (Ghalbane et al., 2011). (Salhi et al., 2018) shows that the
yield of essential oils varied between 1.35 and 2.32%, and it was positively correlated with an altitude
gradient.

Table 3. Dry matter and yields of the essential oils of 7. satureioides at two study sites.

Site Essential oils yields (%) Dry matter (kg/Ha) Dry foliar mass (kg/Ha)
Z.S. Hamza 1.98 312.64+29.96 108.48+10.39
Assoul 1.56 99.59 +19.86 34.55+8.93

Conclusion

It was concluded from the study that 7. satureioides is a dominant plant and has very high value at two
sites. However the status of 7. satureioides at ZSH is good compared to the AS site, because of the
differences in climatic conditions between the two sites. The two steppes of 7. satureioides are not
exploitable in this state. however they are in need of rehabilitation and safeguarding, because of
ecological risk which can generate at the level of these two ecosystems. finally, to value this plant
economically and develop these two rural communities, it is necessary to go through the cultivation of
this plant, and the creation of cooperatives and associations.
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