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The Bigoudine watershed (Western High Atlas) enjoys a floristic originality and a large number of plant species of therapeutic and
aromatic interest widely used by the local population in traditional medicine. This region is subject to very difficult geographical
conditions and is occupied by a poor population with a fairly high rate of illiteracy. Ethnobotanical surveys and floristic and
phytoecological surveys carried out in two periods, the first in 2003-2004 and the second in 2016-2018, made it possible to identify
the spontaneous medicinal flora and assess the potential of medicinal and aromatic plants in the region. The assessment of the
biomass potential is carried out on three medicinal species among the most widely used plants in the area, Thymus pallidus Coss.
ex Batt, Lavandula dentata L., and Salvia lavandulifolia Vahl. The results obtained made it possible to catalog 57 spontaneous
medicinal species divided into 44 genera and 26 families, the most dominant of which are Lamiaceae, Asteraceae, Amaranthaceae,
Anacardiaceae, Asparagaceae, Cistaceae, Cupressaceae, Fabaceae, and Oleaceae. The location of these species has been identified,
and the plant formations concerned have been delimited. The estimated biomass potential of Thymus pallidus Coss. ex Batt,
Lavandula dentata L., and Salvia lavandulifolia Vahl. varies according to species, types of plant formations, their structures, and
their biological states. This spontaneous medicinal floristic wealth, within the region studied, is exposed to severe socioeconomic
conditions, which are the main causes of non-respectful exploitation of natural resources threatening their balance and sustainable
regeneration. Medicinal and aromatic plants in the Bigoudine watershed region require adapted measures allowing the rational
development of certain potentially exploitable plants and the conservation of heavily used and threatened species.

1. Introduction

The Moroccan Western High Atlas presents a floristic
diversity, rich in endemic species, favoured mainly by
an orographic and climatic contrast presenting a variety
of bioclimate and a high heterogeneity of ecological
habitats [1].

The region of the Bigoudine watershed, part of the
Western High Atlas, enjoys a floristic originality with a large
number of plants of therapeutic interest widely used by the
poor local population with a very high illiteracy rate.

The diversity of plant species, used in traditional med-
icine, is considered among the major alternative sources of
this rural mountain population to compensate for the lack of
health infrastructure in this area, despite the current exis-
tence of very advanced modern medicine in our country.

To contribute to the development of the national flora
used in traditional Moroccan medicine and to highlight the
traditional herbal medicine practiced in this Moroccan
mountainous rural area, ethnobotanical surveys using
questionnaire sheets, carried out in 2016-2019, made it
possible to identify 258 medicinal and aromatic species used
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FIGURE 1: Situation map of the Bigoudine watershed region and the limits of the study area [3].

by the local population in traditional medication, of which
57 species are spontaneous in the region of the Bigoudine
watershed and are the subject of this study. The results of the
study, the subject of another article, showed that the most
used part of the plant material is the leaf, as well as the
majority of the remedies, which are prepared in the form of a
decoction. However, this plant material, used in traditional
daily care and in many informal commercial activities, is
under significant anthropogenic pressure.

Indeed, this study showed that the living conditions,
within the studied region, constitute the main causes of the
overexploitation of natural resources and its sustainable
regeneration. It is therefore becoming urgent that the local
medicinal plant heritage must be preserved in its diversity
and in its natural extent through a sustainable management
approach. To do this, the promotion of medicinal and ar-
omatic plants in the region is an activity, which is justified by
the richness and diversification in spontaneous plants and
also by their significant and potentially exploitable recov-
eries, thus through their essential roles in the subsistence
economy in rural areas [2].

The rich flora and the biomass potential of spontaneous
medicinal plants in the region call for conservation measures
to allow the creation of employment for the benefit of the
local rural population through the implementation of in-
come-generating actions such as a system for the production
of essential oils and dried plants. These types of actions are
highly recommended for the safeguard and conservation of
this natural heritage meeting the requirements of local

sustainable development. These measures must relate to the
rational valuation of certain potentially exploitable plants, in
order to reduce the anthropogenic pressure, which threatens
the sustainability of these natural environments.

The overall objective of this research work, which is part
of an ethnobotanical, floristic, and ecological study, was to
show the diversity and richness of the region in spontaneous
medicinal species and to assess the biomass potential of
some medicinal species.

The specific objectives assigned to this work are as follows:

(i) Identify spontaneous AMPs and their distribution
in the study region

(ii) Estimate the biomass production potential of three
species among the most used in the region

(iii) Propose measures for the conservation and en-
hancement of AMP

2. Material and Methods

2.1. Presentation of the Study Area. The Bigoudine watershed
region is located in the Western High Atlas between the
geographical coordinates 30°42’ and 30°48' north latitude
and 9°10" and 9°18 west longitude about 70 km north of the
city of Agadir on the national road to Marrakech (Figure 1).

2.2. Weather. The climate of the region, which is of the
typical Mediterranean type [4], is generally characterized by
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its aridity. The presence of certain local factors such as the
orography, the exposure of the slopes, and the degree of
continentality, in this study region, is linked to the action of
the north and northwest winds of the northern regions,
which brings precipitation and humidity in winter, and that
of southerly and southeasterly winds “Chergui” from
tropical regions, which brings heat and drought in summer
[5]. Also, the presence of Atlantic Ocean currents has a
moderating influence on the climate and on the distribution
of vegetation.

2.3. Geology. This study area belongs to the Western High
Atlas, which does not have the appearance of high moun-
tains [6]. The region is made up of a mosaic of topographic
forms represented by a majority of mountains and ridges
and plateaus.

It is located at the level of the Argana Corridor (the
corridor is located between the regions of Agadir passing
through the basin towards the region of Marrakech; Fig-
ure 1), which constitutes a well-marked depression between
the ancient massif of the High Atlas and the Western Atlas.
This region is composed of dolomitic limestones and fine
sandstones and clays of the Permotrias and Regosols, and on
the lower level appear the rocks of the secondary and pri-
mary (Saharan and Devonian) sandstones, schists, and clays
[7-9].

The lithology is varied in this region. Precambrian and
primary schists and quartzites are mainly found; limestones
and dolomites form plateaus, which retain traces of the
leveling surfaces; and finally, the Triassic clays and sand-
stones are found in which the Argana Corridor was formed
[10].

3. Methodology

3.1. Ethnobotanical Approach. The ethnobotanical approach
makes it possible to invent the plants used in traditional
medicine and to constitute a national medicinal flora in
order to safeguard the knowledge and popular knowledge of
the different regions of Morocco. For this, many ethnobo-
tanical and ethnopharmacological research has been carried
out in various Moroccan universities to preserve the
knowledge accumulated by the various local populations and
to protect the floristic diversity, namely Kahouadji [11],
Mehdioui & Kahouadji [12], Hseini [3], Lahsissene et al.
[10], Ghourri et al. [13], Tahri et al. [14], El Hafian et al. [2],
El Hilah et al. [15], Hachi et al. [16], Akka et al. [6], El Alami
& Chait [17], Rhattas et al. [18], and Slimani et al. [19].

Following this research work, this floristic and ecological
study, within the area, was preceded by ethnobotanical
surveys. The latter allowed us to collect data relating to the
plants used in local traditional herbal medicine, and this is
from the questionnaire sheets.

3.2. Sampling Method. To carry out our work and to delimit
the environments to be prospected, we are inspired by the
“stratified” sampling method [4], which seemed to us to be
the practical and appropriate way to choose the strata to be

prospected. The strata were made from the following maps:
hydraulic, topographic, population, and vegetation to de-
limit the area of the basin. Subsequently, we produced a map
of the main plant formations identified (facies I, II, and III)
within which we carried out our sampling.

Our floristic and ecological study, within the area, was
preceded by ethnobotanical surveys. These ethnobotanical
surveys enabled us to collect data relating to plants used in
local traditional herbal medicine.

To carry out our work and to delimit the environments
to be prospected, we were inspired by the “stratified”
sampling method [4], which seemed to us to be the practical
and suitable means for choosing the strata to be prospected.
Sampling is carried out by following transects passing
through the main plant formations.

The spontaneous medicinal species, used and recog-
nized a priori by the population, are identified in the
surveys carried out in the field. For each sampling station,
the surveys were carried out over an area of 400 m?, which
is generally of the same order, particularly when oper-
ating in the forest domain [20]. The survey was carried
out on a homogeneous “plot” surface, where the structure
of the vegetation, the floristic composition, and the
ecological conditions are more or less equal at its various
points [20].

The transect was chosen based on the variation in
vegetation and topography. The samples were taken during
the spring and summer seasons for the period 2016-2019 (at
the time of the harvesting of medicinal plants by the local
population).

3.3. Determination of Harvested Species. The recognition of
the medicinal species harvested is validated by the users
before identification and determination. Species determi-
nation was carried out jointly with the Botanical Labo-
ratory—Mohammed V Agdal University in Rabat, using
available herbaria and by comparison with samples from the
National Herbarium of the Scientific Institute and those
from the Veterinary and Agronomic Institute of Rabat and
by a certain number of essential works such as the catalog of
plants of Morocco [13, 17, 21, 22], the Med-Checklist [23],
the Flora of North Africa [24, 25], and Nouvelles Floras of
Algeria and the southern desert regions [26]. Other more
recent works have been used for species recognition such as
catalogs of vascular plants of northern Morocco, including
identification keys from Valdés et al. [27], Flore du Maroc,
manual for the determination of vascular plants [15, 28],
vascular flora of Morocco: inventory and chorology [29, 30],
and practical flora of Morocco [15, 31, 32]. The angiosperm
phylogenetic classification system [11, 33] that redefining
families was used for this taxonomic level.

3.4. Potential Assessment Approach. The parameter chosen
to assess the production potential of the selected species,
Thymus pallidus subsp. pallidus, Lavandula dentata L., and
Salvia lavandulifolia subsp. blancoana, is the phytomass
relating to the aerial part and expressed in green matter
(MV).
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FiGure 2: Distribution of botanical families according to specific medicinal richness. Classification of the degree of toxicity of species.

The methodological approach was based on a phytoe-
cological diagnosis carried out on ninety survey points (90
plots) each distributed among the different homogeneous
plant strata. To estimate the phytomass of the species, we
used an extrapolation formula that takes into account the
quantity of the species weighed, the area cut, and the cover of
the species (relative to 400 m?).

Q

>

le2 = Sc

400 m*
Quoom2 = Q. * R% S

c

1

— Q400m2

Cha 0.04

where Q.: amount cut from the species, S cut area, R%:
coverage of the species compared with 400m? Q.
quantity of the species over 1 m* (case where the Sc is not
1 m?), Quo0m2: quantity of the species over 400 m* and Q.
quantity of the species per hectare.

4. Results and Discussion

4.1. Floristic Richness. The results obtained from ethnobo-
tanical and floristic research have made it possible to identify
57 spontaneous medicinal plants divided into 44 genera and
26 families, the most dominant of which are Lamiaceae,
Asteraceae, Amaranthaceae, Anacardiaceae, Asparagaceae,
Cistaceae, Cupressaceae, Fabaceae, and Oleaceae (Figure 2).

The Lamiaceae family is the most common of the species
families identified. It is represented by eight (8) species,
namely four species of lavender (Lavandula dentate L.,
Lavandula stoechas, Lavandula multifida, and Lavandula
maroccana Murb.), two species of thyme (Thymus pallidus
and Thymus satureioides), wild sage (Salvia lavandulifolia
subsp. blancoana), and Marrubium vulgare L.

The Asteraceae family is represented by five (5) species as
follows: Launaea arborescens (Batt.) Maire, Launaea lanifera
Pau, sagebrush Artemisia herba-alba Asso., Scorzonera
undulata Vahl., and Warionia saharae Benth. and Coss.

The Amaranthaceae family comes in third place, with
Anacardiaceae and Asparagaceae, represented by four (4)
species, which include Atriplex halimus L., Hammada sco-
paria (Pomel) Iljin, Polycnemum fontanesii Dur. and Mou.,
and Salsola vermiculata L. Thus, in the same row we find
Anacardiaceae with four species (4), which include Pistacia
lentiscus L., Pistacia atlantica Dest., Searsia tripartita (Ucria)
Moftett, and Searsia pentaphylla (Jacq.) F.A. Barkley ex
Moffett, and Asparagaceae with four species, which are
Asparagus acutifolius L., Asparagus horridus L., Drimia
maritima (L.) Stearn., and Drimia undata (Desf.) Stearn.

The Cistaceae families (3), Cupressaceae (3), Fabaceae
(3), and Oleaceae (3) are in fourth place. Cistaceae species
include the following: Cistus creticus L., Cistus salviifolius,
and Helianthemum lippii (L.) Dum. Cours.; Cupressaceae (3)
includes the following species: Juniperus oxycedrus L.,
Juniperus phoenicea L., and Tetraclinis articulata (Masters)
Vahl; and Fabaceae (3) includes the following species:
Ceratonia siliqua L., Ononis natrix L., and Retama mono-
sperma (L.) Boiss.; and Oleaceae includes the following
species: Olea oleaster Hoftmanns. & Link, Jasminum fruti-
cans L., and Phillyrea angustifolia L.

The remainder of the seventeen (17) families are rep-
resented by two or one species each. The families are as
follows: Apiaceae (2), Poaceae (2), Xanthorrhoeaceae (2),
Apocynaceae (1), Capparaceae (1), Caprifoliaceae (1),
Ephedraceae (1), Ericaceae (1), Araceae (1), Fagaceae (1),
Globulariaceae (1), Juncaceae (1), Palmaceae (1), Rhamna-
ceae (1), Rubiaceae (1), Sapotaceae (1), and Solanaceae (1).

4.2. Biological Types. According to Figure 3, the biological
types of the medicinal species of the study region show the
dominance of the Chamaephytes, which occupy the first
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FiGure 4: Distribution of medicinal species according to their
degree of toxicity. TT: very toxic; T: toxic; TFD: high-dose toxicity;
NTPD: nontoxic at low dose; NT: nontoxic.

place with 33.33%, followed by the nanophanerophytes
with 25.33% placing in second place before the phanero-
phytes, which represent 18.66%, in third place, the geo-
phytes occupies fourth place with 12%, then come in fifth
place the Hemicryptophytes with 5.33%, and finally we find
the Lianas (Nph (L.)) with 02, 66% and therophytes with
01.36%.

Thus, this predominance of Chamaephytes characterizes
the type of perennial plant of the mountainous regions of the
study area, whose organs allow to pass the bad season (buds),
which are located between 10 and 50 centimeters above the
ground. These Chamaephytes are very abundant in the
Lamiaceae, which are in great demand in traditional
medicine.

The analysis of the 57 medicinal species of the Bigoudine
watershed region (Figure 4) shows a category of species,
which are nontoxic at low dose (NTPD), which occupies the
first place with 55% (33), the second place is occupied by the
category of nontoxic species (N'T) with 18.33% (11), the third
place comes the category of species, which exhibit high-dose
toxicity (TFD) with 13.33% (08), followed in fourth place by
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FIGURE 5: Percentage of organ use of medicinal species in the region
studied.

species that are toxic (T) with 10% (06), and finally the
category of very toxic species (TT) with 3.33% (2).

It can be clearly deduced that the handling of sponta-
neous medicinal species in situ requires knowledge of the
risks that these types of plants can present. The experience of
practitioners and the identification of species are highly
recommended to avoid poisoning and even serious or even
fatal incidents.

4.3. Classification of Used Parts of Species. Analysis of the
organs relating to the used parts of spontaneous plants
shows that the leaves cover 32.29% (Figure 5) of traditional
therapeutic uses and constitute the main organs manipu-
lated in the area. Some users put forward statements
explaining that the leaves are exposed to the sun, which
gives them good facts and virtues, so they are also harvested
with ease and speed. Although these remarks are un-
founded and often do not pose a problem from an eco-
logical point of view, the finding concerning the second
position occupied by roots, underground parts, with
17.70%, often threatens the destruction of the plant or even
the contribution of its disappearance if it is rare or
threatened species. In this case, conservation or safeguard
measures are required immediately.

Then, in descending order, come the other categories of
organs: flowers (14.58%), essential oils (08.33%), the flaky
stalk (07.29%), the seed (06, 25%), fruits (06.25%), whole
plant (03.12%), stems (02.08%), and resins (02.08%)
(Figure 4).

However, it is noted that there is variation in the extent
of participation of each category of organ. This can be
explained by the fact that each of the categories is indi-
vidualized by its reserves, which are specific to it and at-
tributed to its natural environment.

4.4. Phytogeographic Distribution of Species in the Watershed.
In the study region, the natural vegetation includes, from
upstream to downstream, Argania spinosa (L.) Skeels for-
mations on terraces and glacis, most of which are cultivated;



a mixture of Tetraclinis articulata (Vahl.) Masters and
Argania spinosa (L.) Skeels with the presence of plants of
Ceratonia siliqua L. on the slopes; and a dense formation of
Quercus rotundifolia Lam. on the limestone plateaus (at
1600-1700 m). This region has a very diverse flora whose
distribution is influenced by complex climatic gradients,
which are superimposed by landscape models and lithologs
[34].

The identified AMP species are distributed within three
vegetation facies (3 areas), which are characterized by a floral
procession and by their overlaps (Table 1). The results ob-
tained showed that approximately 43.85 (25)% of the total
inventoried species respond to each other on the 3 facies (FI-
FII-FIII), followed by 28.09% (16) of common species be-
tween facies I and II, and finally 5.26% (03) of common
species between facies II-III (Figure 6). The rest of the species
of medicinal plants are as follows: about 12.28% (07) of the
total spontaneous species inventoried within facies I, fol-
lowed by facies II with 5.26% (03) and finally facies III with
5.26% (03).

Analysis of the results showed that the most distributed
shrub and tree species found in all facies are as follows:
Argania spinosa (L.) Skeels, Tetraclinis articulata (Vahl.)
Masters, Quercus rotundifolia Lam., Juniperus phoenicea L.,
Olea europaea L. subsp. maroccana (Greuter and Burdet)
P. Vargas et al., Phillyrea angustifolia L., Pistacia lentiscus L.,
and Ceratonia siliqua L.

Then, the bushy and herbaceous species are well dis-
tributed in the second row: Thymus satureioides Coss. &
Ball,, Cistus creticus L., Cistus salviifolius L., Lavandula
dentata L., Lavandula multifida L., Lavandula stoechas L.,
Globularia alypum L., Chamaerops humilis L., Artemisia
herba alba Asso., Asparagus horridus L, Chamaerops humilis
L., Launaea arborescens (Batt.) Mayor, Asphodelus ramosus
L., and Macrochloa tenacissima (L.) Kunth.

Facies I (Figure 7) is the stratum with a specific richness
of 47 species, of which the argan tree constitutes one of the
most remarkable proportions of the Moroccan territory,
both for its flora and its vegetation [6, 35]. The argan tree is
one of the most characteristic trees in the study area. This
tree is widely used by local residents as firewood, fruit for
extracting oils, and even hanging grazing for goats.

At altitude, the argan tree forms stands mixed with thuja
between 800 and 1500 m, very rarely with holm oak.

It is characterized by the presence of the species Periploca
laevigata Ait., Lavandula multifida L., Helianthemum lippii
(L.) Dum. Cours., Warionia saharae Benth. and Coss.,
Launaea arborescens (Batt.) Mayor, Launaea lanifera Pau,
Searsia tripartita (Ucria) Moffett, Lavandula maroccana
Murb./Lavandula abrotanoides var. attenuata Ball, Globu-
laria alypum L., Ononis natrix L., Olea europaea L. subsp.
maroccana (Greuter and Burdet) P. Vargas et al, and
Lavandula dentata L. Other xerophilic species are as follows:
Atriplex halimus L., Hammada scoparia (Pomel) Iljin, Sal-
sola vermiculata L., Juncus maritimus Lam., and Lycium
intricatum Boiss.

It is characterized by the abundance of lavender, in
particular Lavandula dentata L. in the exposures of the
southern sector on the slopes under the Jurassic Coast and
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Cistus especially on the slopes of the Jurassic Coast of
Tamsoult between 110 and 1500 m from altitude in SE ex-
posure. This facies is characterized by the presence also of
Globularia alypum L., which often accompanies Juniperus
phoenicea L. in the region.

Facies II (Zone II) (Figure 7) at Tétraclinaie occupies
almost the domain of the argan tree, except for the southern
part and the northeastern part of certain slopes of the studied
area. This tree is ranked second in order of importance after
the argan tree in the edition. It forms pure populations on
the western Jurassic plateau and in altitude in the old massif.
Callitriaie appears globally from 1200m on the northern
slopes and then at any exposure from 1300 m.

It is characterized by the presence of the majority of
PAMs and marked by the presence of Globularia alypum L.,
Ephedra fragilis Dest., Ononis natrix L., Argania spinosa (L.)
Skeels, Lavandula dentata L., Macrochloa tenacissima (L.)
Kunth, Cistus salviifolius L., Juniperus phoenicea L., Thymus
satureioides Coss. & Ball., Thymus pallidus Batt. subsp.
pallidus, Chamaerops humilis L., and Artemisia herba-alba
Asso.

This facies is also marked by Thymus pallidus Batt.
subsp. pallidus, which occupies a higher elevation range
than that of Thymus satureioides Coss. & Ball., and Thymus
satureioides Coss. & Ball. occupies the southern-facing
slopes of the valleys coming from the Jurassic Coast of the
plateaus, and it extends between 1100 to 1600 m altitude of
the area.

Finally, facies III (Figure 7), the green oak grove, is
located mainly at the level of the high slopes mixed with the
cedar that it dominates and a few feet of carob tree. From
mid-slope to downslope, this oak grove remains dominated
by thuja.

It is mainly characterized by highlands, it has long been
exploited for grazing and charcoal, and the size of which is
about 3 m. The presence of Cistus creticus L. is well marked
on this facies; in particular, on the plateaus, it is competed by
Thymus satureioides Coss. & Ball., Lavandula dentata L., and
Macrochloa tenacissima (L.) Kunth L. With regard to Salvia
lavandulifolia subsp. blancoana (Webb & Heldr. Ex Walp.)
Rostia & Blanca despite its great importance in traditional
care, it does not cover a large area within these facies and
mainly occupies the N and NW sides whose altitude exceeds
1600 m.

4.5. Biological State of Species in the Watershed. The richness
and the floristic diversity of the region, in spontaneous AMP,
are considered among the major alternative sources of in-
come for the local population to ensure their subsistence.
These species all have specific uses for this rural mountain
population. They are found everywhere in the region, and we
find species in plateaus, valleys, and depressions; in altitude
Lavandula dentata L., Lavandula stoechas L., Cistus creticus
L., and Cistus salviifolius L.; Pistacia lentiscus L., Ceratonia
siliqua L., Tetraclinis articulata (Vahl.) Masters, etc.; and in
the mountains Thymus pallidus Batt., Thymus satureioides
Coss. and Ball., etc., while some species can be encountered
by everyone in the basin such as Argania spinosa (L.) Skeels,
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FI-FII-FIII FI-FII ~ FII-FI
FACIES

1I

FI FIII

FiGure 6: Distribution of medicinal species by facies in the Bigoudine watershed. FI: facies I; FII: facies II; FIII: facies III
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FIGURE 7: Map showing the distribution of the main spontaneous species medicinal and aromatic properties by facies in the region studied.

Juniperus phoenicea L. and Juniperus oxycedrus L., Artemisia
herba-alba Asso., Globularia alypum L., Chamaerops humilis
L., and Drimia maritima (L.) Stearn.

Following the survey and observation in the field, the
state of degradation was assessed on a scale of 1 (very de-
graded), 2 (degraded), 3 (moderately degraded), 4 (slightly
degraded) to 5 (not degraded) allowing to express the state of
degradation of the plant. This scale was carried out on the
basis of the degree of degradation of the parts of the plant
(morphological state) expressed as a percentage. This

evaluation allowed us to observe that most of them are little
degraded or moderately degraded and sometimes degraded
(Tables 2 and 3).

These degradation states can be explained by human
action given the various uses of plant species for the pop-
ulation. This human pressure manifests itself in overex-
ploitation, overgrazing, logging, and burning. In addition,
these causes of degradation are amplified by the effects of
climate change, which are already manifested in the area by
significant summer drought, causing plants to dry out.
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TaBLE 2: List of potentially exploitable AMPs within the Bigoudine watershed.

Name scientific Recovery (R)  Facies  States of degradation
Launaea arborescens (Batt.) Maire +, 1 I-II-111 3-5
Cistus creticus L. + 3 I-II-111 2-4
Cistus salviifolius L. + 1 I-11-111 2-4
Juniperus oxycedrus L. + 1 II-1IT 2-4
Juniperus phoenicea L. +, 2 I-1I-111 3-5
Tetraclinis articulata (Vahl.) Masters + 3 II-I-111 2-4
Pistacia lentiscus L. +, 2 I-11-111 2-4
Olea europaea L. subsp. maroccana (Greuter et Burdet) P. Vargas et al. +, 2 I-11-111 3-5
Ononis natrix L. +, 1 I-11 4-5
Quercus rotundifolia Lam. +, 4 III- I-II 2-3
Globularia alypum L. + 1 I-I1-111 2-4
Lavandula dentata L. +, 2 I-11-111 3-5
Salvia lavandulifolia subsp. blancoana (Webb & Heldr. ex Walp.) Rostia & Blanca +, 1 111 2-4
Thymus pallidus Batt. subsp. pallidus +, 2 II-111 2-5
Thymus satureioides Coss. & Ball. + 3 I-11-111 2-4
Chamaerops humilis L. +, 1 I-1I-11T 2-4
Argania spinosa (L.) Skeels + 3 I-1I 2-5
Hammada scoparia (Pomel) Iljin +, 2 1 2-3
Salsola vermiculata L. +, 1 1 1-3
Searsia tripartita (Ucria) Moffett +, 1 I-11 2-3
Searsia pentaphylla (Jacq.) F. A. Barkley ex Mofett +,1 I-1I 2-3
Periploca laevigata Ait. + 1 I-1I 1-3
Artemisia herba-alba Asso. +, 1 I-11-111 1-3
Ephedra fragilis Desf. + 1 I-1I 2-3
Phillyrea angustifolia L. +, 2 I-11-111 2-3
Macrochloa tenacissima (L.) Kunth +, 2 I-II-TII 2-3
Lycium intricatum Boiss. +, 1 I 2-3

The significance of the abundance-dominance coefficients is as follows: +: (14 5%), 1: (54 15%), 2: (15 4 25%), 3: (25 4 50%), 4: (50 & 75%), and 5: (+7 5%). The
meaning of the degradation state coefficients is as follows: 1: (+75%), 2: (75 a 50%), 3: (50 & 25%), 4: (25 a 5%), and 5: (-5%).

Overgrazing is the predominant element, occupying the
first position with a very large percentage estimated at over
50%, of all the causes of the degradation of medicinal and
aromatic species in the area. In fact, animal husbandry in
the area constitutes one of the main activities of the natural
resource exploitation systems in the area, in an extensive
manner. Almost all herbaceous and shrub species are
grazed by livestock, in particular goats (goats). In the re-
gion remain the major activity and source of income for
this rural population. Consequently, the result is great
pressure from the local population putting on the course to
ensure the feeding of their cattle. Medicinal and aromatic
species are most affected by overgrazing: Thymus satur-
eioides Coss. and Ball., Thymus pallidus Batt., Lavandula
dentata L., Lavandula stoechas L., Cistus creticus L., Cistus
salviifolius L., Artemisia herba-alba Asso., Globularia
alypum L., Quercus rotundifolia Lam., Juniperus oxycedrus
L., Tetraclinis articulata (Vahl.), and Masters and Argania
spinosa (L.) Skeels.

The second main cause for the degradation of sponta-
neous medicinal and aromatic species is the cutting of wood,
which contributes an estimated significant share of around
20%. Fuel wood meets the vital needs of the rural population
to cook food and heat their homes, every day. The species
most affected and concerned by this form of degradation are
generally Tetraclinis articulata and Quercus ilex. They are
exploited and cut almost daily by women to meet their needs
for fuel wood and for grazing.

Overexploitation (uncontrolled picking) contributes by
a not insignificant part of about 15% concerning the species
Thymus satureioides, Thymus pallidus, Lavandula dentata,
Lavandula stoechas, Cistus creticus, Tetraclinis articulata
(Vahl.) Masters, and Salvia lavandulifolia subsp. blancoana
(Webb & Heldr. Ex Walp.) Rostia & Blanca. Finally come the
other causes of degradation such as drought and fires,
whether by accident or by recklessness (smokers, hunters,
workers, shepherds, etc.), by more than 10%. The remainder
of about 5% represents various parameters intervening di-
rectly or indirectly in this process of degradation of the
natural environment, namely population increase, soil
erosion, and construction (roads, structures).

The consequences of this degradation are significant on
the plant cover and on the natural environment, especially
when anarchic exploitation, far from good practices with an
excessive harvest, exceeds the capacity to reconstitute the
plant cover and generates a weakening and an imbalance of
mountain ecosystems.

4.6. Exploitation Potential of Species in the Watershed.
Potentially exploitable AMP species and those that are not
potentially exploitable by vegetation facies within the Big-
oudine watershed are identified and located according to the
facies found there.

Table 2 shows the distribution of potentially exploitable
medicinal species within the different facies of the Bigoudine
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TaBLE 3: List of potentially non-exploitable AMPs within the Bigoudine watershed production potentials in green matter of some medicinal

species.

Name scientific Recovery (R) Facies States of degradation
Pistacia atlantica Desf. + I-1I 2-4
Ceratonia siliqua L. + I-1I-111 2-4
Lavandula stoechas L. + I-1I-111 2-4
Ziziphus lotus (L.) Lam. + I-1I 3-5
Atriplex halimus L. + I 2-3
Polycnemum fontanesii Dur. Et Mou. + I-1I 2-3
Eryngium ilicifolium Lam. + I-1I 2-3
Eryngium tricuspidatum L. + I-1I 2-3
Arisarum vulgare Targ.-Tozz. + II 2-3
Asparagus acutifolius L. + [-1I 2-3
Asparagus horridus L. + I-1I-111 2-3
Launaea lanifera Pau + I-1I-11T 2-3
Scorzonera undulata Vahl. + I-1I 2-3
Warionia saharae Benth. et Coss. + I-1I 2-3
Capparis spinosa L. + I 1-3
Lonicera implexa Ait. + I 2-3
Helianthemum lippii (L.) Dum. Cours. + I 2-3
Arbutus unedo L. + III 2-3
Retama monosperma (L.) Boiss. + 11 2-3
Juncus maritimus Lam. + I 2-3
Lavandula maroccana Murb. + I-1I 2-3
Lavandula multifida L. + I-11-111 2-3
Marrubium vulgare L. + [-1I-111 2-3
Jasminum fruticans L. + 111 2-3
Cynodon dactylon L. + I-1I 2-3
Rubia peregrina L. + II-111 2-3
Asphodelus tenuifolius Cav. + I-1I 3-4
Asphodelus ramosus L. + I-1I-111 3-4
Drimia maritima (L.) Stearn. + I-II-111 2-3
Drimia undata (Desf.) Stearn. + I-II-TII 3-3

watershed. However, there are places where these species
may not be exploitable or difficult to exploit, but the op-
eration depends on the domain in which they are found.
There are three types of land: private land, rural community
land, and forest land. Each of these last two areas is subject to
specific regulations that govern them.

The potentially little or not exploitable species (Table 3)
are the species having above all a weak recovery with an
index + and having indices of their biological states often
between 1 and 3 (very degraded to moderately degraded),
although some species with places are little degraded (index
4) or not degraded (index 5).

Moreover, it should be noted that among these species
Warionia saharae Benth. and Coss. and Lavandula mar-
occana Murb. are endemic and their farms must be taken
into account. Thus, safeguard and conservation measures
must be carried out to ensure their sustainability in the
natural environment.

Knowledge of the natural potential and state of AMPs is
an essential step in the rational exploitation and conser-
vation of medicinal and aromatic plants [16].

During this stage of our work, we selected three of the
most widely used species, namely Lavandula dentata L.,
Thymus pallidus Batt. subsp. pallidus, and Salvia lav-
andulifolia subsp. blancoana (Webb & Heldr. Ex Walp.)
Rostia & Blanca. The goal of this part of our research work is

to estimate the production potential of green matter (raw
material to be exploited by PAM users) and to propose
actions to create employment and income for neighboring
populations to promote spontaneous AMP and preserve the
natural biodiversity of the area.

The methodological approach was based on a phytoe-
cological diagnosis carried out on ninety survey points (90
plots) each distributed in the different homogeneous plant
strata.

Analysis of all biomass values shows that leaf green
matter (MVF) constitutes approximately 55%-65% of total
green matter (MVT) in Lavandula, Thymus, and Salvia
(Figure 8). However, this difference is significant in the three
species according to the result of the Student’s minimum
significant difference test (z-test) (XLSTAT software). Lav-
andula dentata L. is the species with the highest MVT/ha
and MVF/ha in the Bigoudine watershed region compared
with the other two species. It has an MVT of 393.41 kg/ha
and an MVF of 251.97 kg/ha, followed by Thymus pallidus
Batt. exhibiting an MVT of 279.54kg/ha and an MVF of
137.91 kg/ha and then Salvia lavandulifolia with an MVT of
208.77 kg/ha and an MVF of 127.35kg/ha.

The most important potential among the selected species
is that of Lavandula dentata L., having a maximum MVT of
393.41 kg/ha and 251.97 kg/ha as a minimum value in MVF
(Figure 8). It is localized in areas with sandstone or rocky
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FIGURE 8: Average total green mass (MVT) and leaf green mass (MVF) curve per hectare in the Bigoudine watershed.

Lavandula dentata L.

Thymus pallidus Batt.
subsp. Pallidus

Salvia lavandulifolia subsp.
Blancoana (Webb & Heldr. ex
Walp.) Rostia & Blanca.

FIGURE 9: Biomass estimate for three species of the Bigoudine watershed.

limestone outcrops and on deep soils. Its altitudinal slice in
the area is from 900 to 1550 m, and it is absent in the high
oak groves of the plateaus where Cistus villosus L. rather
dominates. It is present on the southwest slope of the Ida Ou
Tanane massif from an altitude of 350m, while in the
western Anti-Atlas, it ranges from 1450 to 1900m [1].

The potential of Thymus pallidus Batt. is also very im-
portant at the level of the zone, with a maximum MVT of
279.54kg/ha and minimum MVF of 137.91kg/ha. This
species is abundant in the oak grove. It is a kind of mountain.
Its altitudinal range is higher than that of Thymus satur-
eioides Coss. & Ball. On the plateaus, along with Adeno-
carpus artemisiifolius Jahand., Maire & Weiller, and
Santolina rosmarinifolia L., it characterizes the clearings in
the oak grove, on weak loose surface formation with a sandy
clay texture with an abundance of gravel. On the plateau of
Ida Ou Bouzia and Tizguine, it is located in the company of
Thymus satureioides Coss. & Ball. and Globularia alypum L.
in depressions where the thickness of the loose layer is deep
with a silty clay texture.

The potential of Salvia lavandulifolia subsp. blancoana.
also shows an important green biomass with an MVT of
208.77 kg/ha and 103.81 kg/ha in MVF (Figure 8). It does not
cover a large area. It is individualized in the highest parts of
the plateau, which are from north to south Aourir n’ou
Gelmous and Tizi n’ou Alatas (1st northern bulge of the
plateau), Amadel or Goulif (2nd bulge), Tassafine Zdinine

(oaks aligned in Berber), constituting one of the high eastern
massifs of the plateaus, Taourirt Moulay Ali at the S end of
these massifs, and valleys of the plateau south of Ain
Asmama. The altitude of all these localities exceeds 1600 m.
In addition, the sage oak grove mainly occupies the N and
NW sides.

These results allowed us to provide a biomass estimate
made of three species out of the 57 existing species (Fig-
ure 9). This estimate shows the availability of green matter
(MV) in this region of the Bigoudine watershed. It is re-
ported that the production of plant biomass, of all the species
growing in this arid and semiarid zone, is subject to the
influences of climatic hazards, particularly rainfall, which
remains unstable and varies from year to year.

5. AMP Conservation Measures

The abundance of medicinal and aromatic species in a
spontaneous state in the study area is a definite asset if their
operations are managed in a rational manner, because
currently traditional exploitation is a problem for the
preservation of these plants.

Indeed, this type of species in the region is under
pressure from the local population to meet their daily needs.
Moreover, in addition to overexploitation, there are other
forms of degradation such as overgrazing, firewood, and
variations in climatic conditions. However, measures
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relating to the conservation and preservation of these natural
species are necessary to ensure their sustainability and de-
velopment, by implementing actions to promote this
mountain and rural population.

To this end, the species Thymus pallidus Batt., Lavandula
dentata L., and Salvia lavandulifolia may be the subject of
actions to be implemented by creating jobs and income for
the local population, taking into account the different
characteristics of the zoned. In addition, all other species can
be the subject of other actions and be integrated thereafter
according to choose and need.

These species are part of certain products, which are
exported in the form of dried plants and/or in the form of
plants used for the production of essential oils or aro-
matic extracts intended for the perfumery and cosmetic
industry or for the preparation of aromas or hygiene
products.

To do this, we propose actions, within the framework of
this work, aimed at mitigating the processes of degradation
of these natural environments and contributing to the
conservation of PAMs in the region, namely, the en-
hancement of PAMs, the organization of the local pop-
ulation, and the domestication of certain spontaneous
medicinal and aromatic species of the region.

5.1. Valuation of PAMs. The identification of potentially
exploitable AMPs and the estimation of a production po-
tential of these three species (thyme, lavender, and sage)
constitute research work that will help to set up the process
of enhancing AMP in the region. This study will make it
possible to design actions that generate income and create
jobs to reduce the pressure on biodiversity while combating
poverty and improving the quality of local life. To do this,
these natural resource management actions must ensure the
long-term preservation of these resources in the service of
local development.

This valuation must take place in the context of a di-
versified sector, both in terms of its production and in terms
of product uses, taking into account all aspects of the value
chain from collection to disposal on-site processing or ex-
port to other processing sites.

The proposals for installing PAM drying units and es-
sential oil extraction are highly recommended and do not
require a large budget in the first phase.

6. Conclusion and Perspective

The Bigoudine watershed is a rich and diverse environment
in medicinal and aromatic species. Among these species, 57
taxa are spontaneous, play an important role, and contribute
by their values in the subsistence of the local population.
They are distributed throughout the watershed on a regular
basis, and some species can be encountered by everyone in
the basin. The demarcated facies help to know the distri-
bution of these species in the region.

One of the most interesting results of this study is the
identification of potentially exploitable AMPs. In addition,
the estimate of the production potential carried out on the
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three species (thyme, lavender, and sage) will also help to
encourage the population to take an interest in the pro-
motion and exploitation of this type of plant.

This study has shown that among the main causes of
degradation of AMPs is overgrazing, particularly of the fol-
lowing species: Thymus pallidus Batt., Thymus satureioides
Coss. & Ball., Lavandula dentata L., etc. To cope with this
situation, it is proposed to improve the range by introducing
other species much more desired by livestock such as species of
the genus Atriplex (Atriplex halimus or Atriplex nummularia).

Rational exploitation and conservation of medicinal and
aromatic species can only be achieved on the basis of an
assessment of their potential and natural biological states.
The conservation measures proposed locally, as part of this
work, would prevent excessive harvesting and ensure the
protection of the natural ecosystems of species under
pressure, especially rare or overexploited plants.

These measures, which contribute to their sustainability
in the region, lie in the enhancement of potentially ex-
ploitable species and their domestication by carrying out
actions for their crops, thus the organization of the pop-
ulation into an economic interest group. These actions must
take into account the following aspects:

(i) Environmental: conservation and

sustainability

ensuring

(ii) Social: by creating social activities, based on the
participatory  approach, empowerment, and
awareness of the local population

(iii) Economic: by creating jobs by setting up lucrative
economic activities for medicinal and aromatic
plants, by delimiting potentially exploitable areas,
the species to be exploited, the period of exploita-
tion, and ensuring their marketing

Finally, the richness, diversity, and potential in medic-
inal and aromatic plants (PAMs), the experience of the local
population, and the know-how of the women of the region,
in terms of traditional herbal medicine, constitute an asset
and a basis for the establishment of a PAM sector by creating
local associations or cooperatives to promote the PAMs and
generate income by improving their social life with the aim
of safeguarding and conserving this natural heritage, in a
spirit of requirements of local sustainable development.
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