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INTRODUCTION 

The study of soils irrigated by water from 
thermal springs is attracting growing interest be-
cause of its significant impact on soil quality and, 
consequently, on the diversity of plants growing 
there. Thermal springs are natural resources rich 
in minerals, often used for therapeutic purposes 
(Mourelle et al., 2023). When these waters are 
directed towards agricultural areas or surround-
ing ecosystems, they can have a significant im-
pact on the chemical composition, structure and 
fertility of soils, with consequent repercussions 
on plant diversity. The dynamic relationship 

between water, soil and plants is fundamental to 
the harmonious functioning of ecosystems and 
the prosperity of crops (Al-Kayssi, 2023). Wa-
ter, as a vital resource, plays an important role in 
plant growth, acting as an essential vector for the 
transport of nutrients and actively participating in 
photosynthesis. Irrigation water quality, includ-
ing pH and salinity, can also have a significant 
impact on plant health and soil structure (Shin 
et al., 2022). In addition to water and soil, other 
elements such as temperature, light, soil ventila-
tion and soil microbiota interact to shape the plant 
growth environment. A thorough understanding 
of these relationships is crucial to developing 
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sustainable agricultural practices, promoting an 
optimal balance between these elements to ensure 
prosperous crops and healthy ecosystems.

This complex interaction between water, soil, 
plants and other factors raises crucial questions 
about the sustainability of agriculture, ecosystem 
preservation and the quality of native vegetation. 
This interaction can result in an improvement or 
deterioration in soil quality (Martínez Barroso 
and Vaverková, 2020; Akhter et al., 2023; Bou-
jraf et al., 2023). 

Our study aims to explore the physico-chemi-
cal aspects of soils irrigated by the thermal waters 
of Ain El Haouamed and Ain Hamra, examining 
how these influence soil composition, nutrient 
availability, and potential environmental impacts 
by identifying plants adapted to the particular 
conditions near these two thermal springs which 
are characterized by very high conductivity of 
these waters, due to their significant mineraliza-
tion which can improve soil fertility and promote 
crop growth. This research is of vital importance 
for the wise management of natural resources, 
sustainable agricultural development and the 
preservation of our fragile ecosystems. 

In order to examine the characteristics of the 
land adjacent to specific thermal springs, sam-
ples were taken in the spring of 2023 from two 
separate sites. The first site (S1) is located near 
the Ain el Haouamed spring in the province of 
Guercif, at a distance of 40 km from the city of 
Guercif. The second site (S2) is located near Ain 
Hamra, approximately 90 km north of the city of 
Taza. In addition, two other plots of land (T1 and 
T2), located at a distance of around 500 m from 
each spring, were included in the study as con-
trols. In order to identify the plant species present 
and assess their diversity, taking into account the 
particular adaptations of these plants to soil and 
water characteristics, vegetation surveys were 
carried out in conjunction with the collection of 
soil samples in areas of spontaneous vegetation.

MATERIALS AND METHODS

The samples, weighing between 400 and 600 
grams, were taken from a depth of 0 to 20 cen-
timetres at each study site. After being exposed 
to the open air for a week, they were ground to a 
powder using a porcelain mortar, then sieved to 
a size of 2 millimeters before being bagged for 
physico-chemical analysis.

Soil texture characterization, total organic 
matter quantification, pH measurement, calcium 
carbonate identification, electrical conductivity 
evaluation, and determination of total nitrogen, 
phosphorus and potassium concentrations were all 
carried out at the École Nationale d’Agriculture in 
Meknes. Soil texture was assessed using the Rob-
inson pipette method (Afnor, 2003). Total organic 
matter was quantified using the Walkley method 
(Walkley and Black, 1934). Soil pH was measured 
with a pH meter using a 1:2.5 (weight/volume) so-
lution of soil mixed with demineralized water after 
2 hours’ agitation at room temperature (Fuentes et 
al., 2007). Calcium carbonate was determined us-
ing the Bernard method as described by Chamley 
(Chamley, 1966). Electrical conductivity in the 
soil extract was determined using a conductivity 
meter, with a 1:5 (weight/volume) solution of soil 
mixed with demineralized water after 2 hours stir-
ring at room temperature  (Fuentes et al., 2007). 
The method used to quantify total soil nitrogen is 
the Kjeldahl method. Assimilable phosphorus was 
analyzed using the Olsen method, which involves 
the use of sodium bicarbonate. Quantification of 
exchangeable potassium was carried out using 
normal ammonium acetate percolation extraction. 

The method of McGrath and Cunliffe (Mc-
Grath and Cunliffe, 1985) and Garcia-Delgado 
(García-Delgado et al., 2007) was used for the 
determination of total heavy metals (macroele-
ments and trace metals), in accordance with ISO 
11466:1995 (F). One gram of soil, previously dried 
and ground, was mineralized in 10 ml of aqua re-
gia (a mixture of 37% HCl and 65% HNO3 in a 3:1 
ratio) at 150 °C for 2 hours using a heating block. 
The mineralization obtained was then adjusted to 
50 ml with acidified distilled water (5% HNO3 fil-
tered through a 0.45 µm filter, and stored for sub-
sequent analysis by plasma atomic emission spec-
trometry (ICP-AES) at the Cité de l’Innovation in 
Fez. Botanical identification was carried out using 
online databases and botanical references (Tela 
Botanica, 2012; Flore de l’Algérie et du Sahara 
(Quézel and Santa, 1962–1963); Flore vasculaire 
du Maroc (Fennane and Ibn Tattou, 2005).

RESULTS AND DISCUSSION

Textural analysis of the soils studied

Soil texture is an essential characteristic 
for maintaining soil equilibrium and exerting a 



214

Journal of Ecological Engineering 2024, 25(7), 212–223

considerable influence on plant growth (Gavriles-
cu, 2021). Because of its primary impact on water 
regime, aeration and porosity, soil texture con-
tributes to the understanding of many soil func-
tions. It also plays a crucial role in the interpreta-
tion of many of the parameters analyzed. Textural 
analysis using a Robinson pipette reveals signifi-
cant differences between the two plots. In the first 
field (S1), the proportions of sand are significant-
ly higher than in the second field (S2), reaching 
65.5% near Ain el Houamed, whereas they do not 
exceed 33.5% in field S2 near Ain Hamra. As for 
the percentage of clay, it does not exceed 15.3% 
in site S1 and 37.8% in site S2, while the silt frac-
tion shows slight variations, rising from 19.2% 
for site S1 to 28.6% for site S2 (see Table 1).

The textural triangle is an essential tool for 
visualizing and understanding the meaning as-
sociated with the name of a texture. It takes the 
form of a diagram illustrating the classification 
of textures according to percentages of sand, silt 
and clay. Using the textural triangle (Figure 1), 
we classified the soils studied into the following 
categories: S1 contains a significant proportion of 
silt and sand particles, and is of the sandy loam 
type (15.3% clay; 19.2% silt; 65.5% sand), a fine 
to medium texture ,This classification of S1 soils 
shows similarity to those observed in West Delhi, 
India (Rattan et al., 2005). S2 is a soil containing a 
significant proportion of silt and clay particles. It 
has a finer texture than sandy loam, which means 
it can retain water longer, and is of the clayey 
loam type (37.8% clay; 28.6% silts; 33.5% sand).

Chemical parameters

pH plays a considerable role in the devel-
opment of spontaneous or cultivated plants, the 
results of our study reveal that pH values are 
relatively similar from one plot to another with 
a value of 7.72 for S1 and 8.04 for S2. Soils ir-
rigated with spring water have higher pH values 
than the non-irrigated control soil, with values 
ranging from 7.46 to 7.94 (see Table 2). These 
results concurred the findings of (Singh and Ver-
loo, 1996).The alkalinity of the pH limits the mi-
gration of heavy metals from the solid phase to 

the soil solution, and consequently to the plants 
(Thornton, 1996). In general, it should be noted 
that the pH values of the soils examined are basic 
in nature, which is beneficial for microbial activ-
ity and crop growth (Marschner, 1995).

The pH of both soils remains alkaline despite 
the addition of slightly acidic irrigation water, 
which could be attributed to the chemical compo-
sition of the soil’s rocks and parent materials and 
its buffering capacity.

Analysis of organic matter 

In the various samples reveals significant 
variations both between and within the different 
soils. Site S1 had an organic matter content of 
1.17%, slightly higher than the 1.04% found in 
the control soil. Field S2, on the other hand, has 
a higher organic matter content of 3.41%, com-
pared with 2.42% in the control soil. Both sites 
are rich in organic matter. Furthermore, the or-
ganic matter values documented for the investi-
gated S1 exhibit similarities to those observed in 
The Kandialang-Djibock valley of Ziguinchor in 
Senegal (1.143%) (Dasylva et al., 2019).

Analyses of chemical parameters reveal a high 
concentration of total limestone in the soil sam-
ple taken near Ain el Haouamed (S1), reaching 

Table 1. Textural analysis of studied soils
Soil Latitude (N) Longitude (W) Sand (%) Silt (%) Clay (%)

S1 34°49’735 3°35’272 65.5 19.2 15.3

S2 34°73’611 3°94’254 33.5 28.6 37.8

Figure 1. Triangular diagram of soil texture (soil 
textural triangle) (Science du sol | Parlons sciences)
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39.6%. This high content enables this soil to be 
classified as calcareous (Baize, 2000). As for the 
soil sample taken where the waters of Ain Hamra 
discharge (S2), it shows an average percentage of 
total limestone, equivalent to 15.6%. It’s impor-
tant to note that limestone plays an important role 
in providing plants with the calcium they need. 
However, it can also hinder the absorption of cer-
tain elements essential to plants, such as iron and 
various trace elements (Rattan et al., 2005).

Active limestone levels in the soils of the two 
plots vary significantly, with a high level in plot 
S1 (8.5%) and a moderate level in plot S2 (6.5%). 
However, it is essential to emphasize that these 
levels of active limestone are significantly higher 
in the irrigated soils than in the control soil (Table 
2). Electrical conductivity is an indicator of the 
concentration of soluble salts in the soil, enabling 
us to assess the soil’s degree of salinity. Soil 
samples from the study sites show variable elec-
trical conductivity values, classified according to 
the soil salinity classification criteria (Richard’s 
Standards) (Guessir, 1995).

The results show that the soil in the first plot 
(S1) has a high conductivity of 12.12 mS/cm, fall-
ing within the range of 8 mS/cm to 16 mS/cm, 
which classifies it as a saline soil. This reflects 
the high natural mineralization of the Ain el Ha-
ouamed spring waters (Mouchane et al., 2024).  In 
contrast, the soils of the second plot (S2) show low 
electrical conductivity values of 296 µS/cm, clas-
sifying them in the non-saline soil category, with 
conductivity values below 4 mS/cm. Soil analysis 
results indicate that electrical conductivity values 

are generally higher in soils irrigated with spring 
water (between 296 and 12,120 µS/cm) than in 
control soils not irrigated with spring water (be-
tween 168.5 and 3,700 µS/cm, see Table 2). This 
increase in salinity is attributable to the quality 
of the spring water containing soluble salts (cal-
cium, magnesium, sodium, potassium), which are 
retained by the soil.

NPK bioavailable elements (Table 3 and Table 4)

According to the soil fertility standards estab-
lished by Morocco’s Directorate of Rural Equip-
ment, the S1 soil is classified as low in total nitro-
gen, with a content of between 0.05% and 0.1%, 
i.e. 0.062%. Soil S2, on the other hand, is classi-
fied as very low in nitrogen, with a content of less
than 0.05%, or 0.0035%. Nitrogen plays an es-
sential role in amino acid synthesis and promotes
plant tissue growth, making it a crucial factor
(Ayers and Westcot, 1985). Nitrogen production
in soil is inversely proportional to soil salinity.

Phosphorus is one of the major elements es-
sential for plant growth and development, a cellu-
lar constituent and an energy carrier. As a cellular 
constituent, it participates, along with nitrogen, in 
plant growth, particularly root development (Solt-
ner, 2003). Soils S1 and S2 are classified as very 
low in assimilable phosphorus, with percentages of 
less than 0.05%. This low phosphorus availability 
is particularly marked in calcareous soils. Potas-
sium plays a crucial role in plant mineral nutrition, 
notably in regulating osmotic pressure and as an 
activator of enzymatic reactions linked to nitrogen 

Table 2. Agronomic parameters of the soils studied

Soil EC (µS/cm) pH Organic matter (%) 
OM

Total limestone (%) 
CaCO3 Actif limestone (%)

S1 12120 7,72 1.17 39.6 8.5

T1 3700 7,46 1.04 9.6 1.5

S2 296 8,04 3.41 15.6 6.5

T2 168,5 7,94 2.42 19.2 3

Table 3. Concentration of bioavailable elements in the soils studied
Specyfication S1 S2

Total nitrogen (%) 0.062 0.035

Assimilable phosphorus
(%) 0.0015 0.0061

mg/kg 15 61

Exchangeable potassium
(%) 0.1651 0.072

mg/kg 1651 720
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metabolism (Séguret, 1998). However, in the soils 
studied, exchangeable potassium is in short supply, 
which is reflected in their classification. Soil S1 is 
classified as moderately rich in exchangeable po-
tassium, while S2 is classified as poor.

Total macroelement concentrations 

Total macroelement concentrations in the soils 
studied are shown in Table 5. The total calcium 
concentration is 50 mg/g DW in soil S1, compared 
with 11.51 mg/g DW in the control soil. It can be 
seen that the total calcium concentration in soil S1 
is higher than that in the control soil. This obser-
vation can be attributed to the significant uptake of 
calcium by the soil from Ain el Haouamed water. 
In contrast, the calcium concentration in soil S2 is 
close to that of the control soil, with 17.60 mg/g 
DW in S2 compared with 24.82 mg/g DW in the 
control soil. This may be explained by the fact that 
the soil studied did not absorb a significant amount 
of calcium, perhaps due to its texture. Total mag-
nesium concentration was 13.22 mg/g DW in soil 
S1, compared with 0.69 mg/g DW in the control 
soil, and 5.49 mg/g DW in soil S2, compared with 
1.97 mg/g DW in the control soil. Total magne-
sium concentrations in both soils are higher than 
in the control soil. This observation can be attrib-
uted to the irrigation of this soil with water from 
the Ain el Haoumed spring, where the concentra-
tion of this element is very high. The total potas-
sium level in soil S1 is 3.47 mg/g DW, compared 
with 0.63 mg/g DW in the control soil. The total 
potassium concentration in soil S1 is higher than 
in the control soil, reflecting the richness of Ain 
el Haoumed water in this element. In contrast, the 
potassium concentration in soil S2 is similar to 
that in the control soil, with 3.29 mg/g DW in S2 
and 3.19 mg/g DW in the control soil. Studies on 
the concentration of macroelement in soil were 
addressed from different aspects, such as those 
carried out by Bourioug (Bourioug et al., 2015).

Trace metals elements (TME) (Table 6) 

The total arsenic (As) concentration in soil S1 
reached 0.014 mg/g DW, exceeding that recorded 
in soil S2 and the control soils. Total iron content 
varies between soils, with high values in S1 and 
S2, respectively 6.84 mg/g and 7.83 mg/g DW, 
reflecting the high concentrations of this metal in 
spring waters. With regard to metals such as cad-
mium (Cd), cobalt (Co) and lead (Pb), the soils 
studied, as well as the control soil, show very low 
total concentration values, below 0.01 mg/g DW. 
However, it should be noted that there is an en-
richment in other metals in both soils compared 
to the control soil.

Total copper (Cu), nickel (Ni) and zinc 
(Zn) levels are higher in S2 than in S1. Total 
selenium (Se) concentrations are very high in 
all the soils studied, exceeding 50 mg/g DW. 
However, total chromium (Cr) concentrations 
remain relatively low, at around 0.007 mg/g 
DW for S1 and 0.017 mg/g DW for S2. It is 
important to note that total levels of trace met-
als (TME) vary considerably from one site 
to another, which is partly due to the textural 
differentiation of the soils and consequently 
strongly affects plant growth and development 
in each environment studied. There is a similar-
ity in the value of iron with the values obtained 
by Belaid in Tunisia (Belaid et al., 2012), but 
there is a significant difference in the other ele-
ments. In addition, there are other studies that 
addressed soil irrigated with sludge and its ef-
fects on plant growth (Corbel et al., 2016).

Table 4. Soil fertility standards (Directorate of Rural Equipment, Morocco)

Specification Total nitrogen (%) Total phosphorus 
(%)

Assimilable 
phosphorus (%) Total potassium (%) Assimilable 

potassium (%)

Very rich +0.3 +3 +0.8 +8 +0.9

Rich 0.15 to 0.3 1.5 to 3 0.3 to 0.8 4 to 8 0.3 to 0.9

Moderately endowed 0.1 to 0.15 0.5 to 1.5 0.1 to 0.3 2 to 4 0.15 to 0.3

Poor 0.05 to 0.1 0.02 to 0.5 0.05 to 0.1 1 to 2 0.05 to 0.15

Very poor -0.05 -0.02 -0.05 -1 -0.05

Table 5. Total concentrations (mg/g DW) of 
macroelements in the soils studied

 Specification Ca Mg K P

S1 50.00 13.22 3.47 0.48

T1 11.51 0.69 0.63 0.08

S2 17.60 5.49 3.29 0.58

T2 24.82 1.97 3.19 0.28
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Inventory of common plants 
near thermal springs

The plant diversity of a plot of land is affected 
by a number of factors, including the type of soil, 
the physico-chemical characteristics of the wa-
ter, and the nutritional requirements of the plants 
growing in it. soil characteristics, such as texture, 
mineral composition, pH and nutrient availability, 
play a crucial role in the growth and diversity of 
plants on a given site. In addition, the particular 
nutritional requirements of plants can influence 
the plant composition of a site, as different plant 
species have diverse nutrient needs.

The site of the two springs studied has a con-
siderable diversity of plant species, including 
Tamarix gallica, Inula viscosa, Phragmites aus-
tralis, Typha angustifolia, Matricaria chamomil-
la, Juncus acutus, Carex sylvatica. These plants 
can show a certain tolerance to different condi-
tions, particularly with regard to climate, the type 
of water and specific soils, as well as their com-
position. Alongside source S1, we identified three 
types of plant (see Table 7): Matricaria chamo-
milla L. is a cool-climate species growing in ar-
eas with temperatures between 7 and 26 °C.  It is 
a medicinal plant native to southern and eastern 
Europe. It is also cultivated in Germany, Hunga-
ry, France, Russia, Yugoslavia and Brazil. Plants 
can be found in north Africa (Morocco, Algeria) 
(Ivens, 1979). Chamomile thrives in rich, light, 
well-drained siliceous soils, tolerates a pH of 4.5 
to 7.5 and grows in full sun (Alia, 2020). In addi-
tion to its pharmaceutical uses, chamomile oil is 
widely used in perfumery, cosmetics and aroma-
therapy, as well as in the food industry (Lal et al., 
1993; Misra et al., 1999).

Juncus acutus grows on all types of soil, from 
flooded areas to dry areas such as dunes, mead-
ows and lowland forests (Fiche_ZH_BZH Jun-
cus_acutus). It is a powerful, sharp species with 
an Atlantic sub-Mediterranean distribution, and 
is abundant on the Mediterranean coast (Algeria, 
Egypt and Morocco) (Provost and Bournérias, 

1993). Juncus seeds are used in the Orient as a 
remedy for diarrhea, and the fruits in decoction 
are indicated for diabetes (Tackholm and Drar, 
1950; Benkhnigue et al., 2014).

Carex sylvatica covers a vast altitudinal 
range, existing in France at altitudes of between 
0 and 1,700 meters. Wood sedge is most often 
found in forest cover, where it finds the shade, 
moisture and nutrients it needs for its biology. It 
is a neutrocline, sciaphilous, mesophilous spe-
cies that thrives on cool, deep soil rich in clay and 
silt. It is found in Europe, temperate Asia, north 
America (Rameau et al., 1993). and north Africa 
(Morocco, Algeria, etc.) (Maire, 1952). This plant 
thrives in the cool undergrowth of boreal regions, 
but can also be used in the garden. It makes an 
ideal ground cover at the foot of shrubs. The 
Lapps also used it as insulating wadding for their 
homes (Laîche des bois).

Near the “Ain Hamra” or “Ain Ar-Rahma” 
spring, characterized by thermal waters rich in 
iron, carbon dioxide (CO2) and sulfates (Taybi et 
al., 2019; Mouchane et al., 2024), The S2 site is 
irrigated by these waters and features a wide di-
versity of plant species, of great interest for any 
scientific study, whether biological or ecological, 
notably Tamarix gallica, Inula viscosa, Phrag-
mites australis, Typha angustifolia (see Table 8).

Tamarix gallica is distributed along the 
Mediterranean coast, in Provence, Languedoc 
and Roussillon; it grows upstream in Vaucluse, 
Drôme and Ardèche; Corsica. Spain and Por-
tugal, Balearic Islands, Sardinia, Sicily, Italy, 
Dalmatia; Algeria, Morocco, Canary Islands 
(Crins, 1989). It is mainly found in salty regions, 
between the inter-dunal zones of the desert (Ka-
lamUrfi et al., 2016). This plant is widely used in 
traditional medicine as a prophylactic and thera-
peutic remedy against malaria (Tagarelli et al., 
2010). It is also used to treat leucoderma (Ka-
lamUrfi et al., 2016).

Inula viscosa (the slimy inula) is a Mediter-
ranean “weed” that grows along roadsides, on fal-
low land or in the middle of open scrubland on 

Table 6. Total concentrations (mg/g DW) of trace metals in the soils studied
 Specification As Fe Cd Co Cr Cu Ni Pb Se Zn

S1 0.014 6.84 < 0.01 < 0.01 0.007 0.024 0.014 < 0.01 >50 0.089

T1 0.011 1.64 < 0.01 < 0.01 0.001 0.001 0.002 < 0.01 20.76 0.010

S2 0.005 7.83 < 0.01 < 0.01 0.017 0.034 0.020 < 0.01 >50 0.106

T2 0.006 11.44 < 0.01 < 0.01 0.013 0.020 0.013 < 0.01 49.47 0.058
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Table 7. Plant species found near the Ain El Haouamed thermal spring
Scientific name: Matricaria chamomilla 
Common name: Wild Chamomile 

Photo taken on March 20, 2023 

Classification 
(Djoubani et al., 2017) 

Reign Plantae 

Sub-reign Viridaeplantae 

Division Magnoliophyta 

Class Magnoliopsida 

Subclass Magnoliidae 

Order Asterales 

Family Asteraceae 

Gender Matricaria L 

Species Chamomilla 

Botanical description 

This is an aromatic, 
herbaceous and slightly 
fruity annual plant (Zadeh et 
al., 2014; Piri et al., 2019), 
measuring between 15 and 
80 cm in height. Stems are 
erect and sometimes 
branched. Leaves are very 
finely cut and hairless (Lim, 
2012). Flowers are yellow in 
the center and white outside, 
grouped in solitary flower 
heads. The seed-containing 
fruits are achenes, yellowish 
when ripe (Doctissimo, 
2017). 

Scientific name: Juncus acutus 
Common name: Spiny rush 

Photo taken on March 20, 2023 

Classification 
(Hagemeyer, 1996) 

Reign Plantae 

Sub-reign Viridaeplantae 

Division Magnoliophyta 

Class Equisetopsida 

Subclass Magnoliidae 

Order Juncales 

Family Juncaceae 

Genus Juncus 

Species acutus 
 

Botanical description 

Spiny rush (Juncus acutus) 
is a glabrous perennial 
growing to around 1-meter-
tall, with a thick, fibrous 
stump. It has sturdy, tufted 
stems, radical, sparse 
leaves and russet-green 
panicle-shaped flowers (tela 
botanica). 

Scientific name: Carex sylvatica 
Common name: Wood sedge 

Photo taken on March 20, 2023 

Classification 
(Kartesz and Kartesz, 1994) 

Reign Plantae 

Sub-reign Viridaeplantae 

Division Magnoliophyta 

Class Equisetopsida 

Subclass Magnoliidae 

Order Cyperales 

Family Cyperaceae 

Gender Carex 

Species sylvatica 

Botanical description 

30–80 cm tall, glabrous 
perennial with a short, 
grassy stump. Stem bent at 
the top, trigonal, smooth. 
Leaves soft, 3 to 6 mm wide, 
scabrous; male spike 
solitary, linear, pale russet; 3 
to 6 female spikes spaced 
apart, spindly, linear-oblong, 
loose, leaning on long 
peduncles. The fruit is an 
achene. Flowering generally 
takes place from April to 
July. (Thomas, 2017). 
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Table 8. Plant species found near the “Ain Hamra” thermal spring
Scientific name: Tamarix gallica 
Common name: Athel tamarisk 

Photo taken on August 10, 2023 

Classification (FELLAH, 2019) 

Reign Plantae 

Sub-reign Tracheobionta 

Division Magnoliophyta

Class Magnoliopsida 

Subclass Dilleniidae 

Order Violales 

Family Tamaricaceae 

Gender Tamarix 

Species gallica 
 

Botanical description 

Tamarix gallica is a shrub that can 
reach 8 m in height. Its bark is 
blackish brown or dark purple. 
Tamarix gallica flowers from early 
June to August on the previous 
year's shoots (Baltet, 1887). The 
flowers are hermaphroditic and 
polonized by bees (Baum, 1978). 
Leaves are triangular, longer than 
they are wide, embracing the 
branch at 180° (Allred, 2002). 

Scientific name: Inulaviscosa 
Common name: Viscose inula 

Photo taken on August 10, 2023 

Classification 
 (Quezel and Santa, 1963) 

Reign Plantae 

Sub-reign Viridaeplantae 

Division Coniferophyta 

Class Magnoliopsida 

Subclass Magnoliidae 

Order Asterales 

Family Astéracées 

Gender Inula 

Species viscosa 

Botanical description 

Viscose Inula (Dittrichia viscosa) is 
a large herbaceous plant, its 
branched, woody stems forming a 
small bush with dense foliage. The 
sessile leaves are wavy, toothed, 
acute, rough and covered on both 
sides with viscous glands (Quezel 
and Santa, 1963). Its lignified 
taproot can be up to 30 cm long 
(Haoui et al., 2015). The peripheral 
flowers are liguliform, those in the 
center are tubular and the fruits are 
achenes (Bensegueni Tounsi, 
2001). 

Scientific name: Phragmites australis 
Common name: The common reed 

Photo taken on August 10, 2023 

Classification 
(Quezel and Santa, 1963) Reign Plantae 

Sub-reign Viridaeplantae 

Division Magnoliophyta 

Class Equisetopsidae 

Subclass Magnoliidae 

Order Cyperales 

Family Poaceae 

Gender Phragmites 

Species Australis 

Botanical description 

Common reed (Phragmites 
australis) is a thick, non-woody, 
vascular perennial that is thinner 
than a finger and fragile. This plant 
bears hemicryptophytic/geophytic 
rhizomes and stems that measure 
up to 6 meters in height and 4 to 
10 millimeters in diameter 
(Bonanno and Giudice, 2010). The 
leaves are large, 1-3 cm wide, 
rough at the edges, with a ligule 
formed by a row of short hairs 
(Tela Tela Botanica, 2023). The 
fruit is in the form of achenes 
called caryopses, golden to brown 
in color, with white silky hairs 
where the capsule contains a 
single black seed. 

Scientific name: Typha angustifolia 
Common name: narrowleaf cattail (Bourdi, 
Berdi) 

Photo taken on August 10, 2023 

Classification  
(Djebrouni et al., 2020) 

Reign Plantae 

Sub-reign Viridaeplantae 

Division Magnoliophyta 

Class Equisetopsidae 

Subclass Magnoliidae 

Order Typhales 

Family Typhaceae 

Gender Typha 

Species Angustifolia 

Botanical description 

Typha angustifolia is an erect, 
rhizomatous perennial with flowers 
borne on a slender stem 1 to 3 m 
high. Leaves are long, linear, 
strongly plano-convex, 3-8 mm 
wide, sometimes wider, dark 
green, sheathed at the base, 
sheaths usually auriculate; leaves 
extend well beyond flowering 
spikes, sometimes up to half the 
length of the spike. The roots are 
fibrous and the flowers are 
unisexual. The pistillate spike is 
borne below the staminate spike 
and is generally separated from it 
by a space of 5 to 120 mm. (Grace 
and Harrison, 1986) 
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salty soils, wet meadows and riverbanks (Quezel 
and Santa, 1963). The genus Dittrichia is widely 
distributed throughout the Mediterranean basin, 
in Europe, Asia and Africa (Egypt, Algeria, Mo-
rocco) (Benhammou, 2006; Benguerba, 2008). 
slimy inula also occurs in surfaces where soils 
have high concentrations of magnesium and ni-
trogen (Parolin et al., 2014). It is used for its anti-
inflammatory, antidiabetic, antipyretic, antiseptic, 
antiulcerogenic and antifungal activities against 
dermatophytes, as well as for treating gastroduo-
denal disorders (Deghdak and Zaiter, 2014).

Phragmites australis this hydrophilic species 
occurs naturally in wetlands or floodplains, such 
as freshwater or brackish marshes (Meyerson et 
al., 2000). It is found on every continent (except 
Antarctica) and in almost every biome, with the 
exception of arctic tundra and equatorial rain-
forests (Haslam, 1972).Common reed is a cos-
mopolitan species, meaning it is found in every 
region of the world. Colonies are found in Africa, 
America, Asia, Australia, Europe and New Zea-
land. In Morocco, it is found in the Saharan Atlas, 
central Morocco (northern part), central Morocco 
(southern part), the High Atlas, southern steppe 
Morocco, the Middle Atlas, the Rif and the Souss 
Plain (Jahandiez and Maire, 1931). Reed usually 
grows on soils with a pH of 5.5 to 8.1 (Haslam, 
1972). It tolerates well moderate salinity lev-
els below 25‰ (Meyerson et al., 2000). Also, 
it can grow on both mineral (especially clayey) 
and organic soil (with an organic content of 1 to 
97%). Phragmites australis is used as a treatment 
for bronchitis, diarrhea, fever and stomach pains, 
and seed powder is used as an ingredient in burn 
creams (Brink and Achigan-Dako, 2012).

Typha angustifolia is a malarial plant with 
a wide geographic distribution in the Northern 
Hemisphere: Europe, Asia, north America and 
certain wetlands in Peru and Chile. The species 
is also widespread in the Mediterranean region 
and North Africa, where populations appear to be 
stable in Morocco and Algeria. It grows in ponds 
and rivers (Grace and Harrison, 1986). This plant 
is widespread, semi-aquatic, hardy and large-
growing, both decorative and useful for its filter-
ing properties, but should be reserved for large 
basins and ponds due to its vigor (Gèze, 1922). 
It has been used in traditional Chinese medicine 
with the ability to improve microcirculation, in-
hibit the immune system (Qin and Sun, 2005), 
induce uterine contractions, treat atherosclerosis 
and wound healing (Chen et al., 2012).

CONCLUSIONS

The aim of the current research was to deter-
mine the quality of the soil and the plants growing 
in the vicinity of two thermal springs. Soil analy-
ses led to the following conclusions. The soil near 
Ain el Houamed, a spring very rich in CO2, iron 
and minerals, is a sandy loam with a slightly basic 
pH, a high limestone content and high electrical 
conductivity due to the quality of the spring water 
containing soluble salts. Phosphorus, potassium 
and nitrogen levels are relatively low. The soil is 
rich in calcium (50 mg/g DW) and magnesium 
(13.22 mg/g DW). In terms of metal concentra-
tions, the soil is characterized by high selenium 
and iron values. The characteristic flora of this 
soil consists of Matricaria chamomilla, Juncus 
acutus and Carex sylvatica.

While for Ain Hamra, which is a carbonated, 
ferruginous thermal spring well-known for its 
richness in minerals, surrounded by the presence 
of various types of plants including Tamarix gal-
lica, Inula viscosa, Phragmites australis, Typha 
angustifolia. These plants grow in a silty-clay soil 
with a  basic pH with slightly different concentra-
tions compared to the soil of Ain el Houamed for 
most parameters.
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