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Abstract: In an attempt to boost the potential ecological viability of wetlands, this study aimed to
discover the relationship between soil salinity and vegetation composition in a quasi-pristine saline
pond, “El Hito Lagoon”. This wetland is situated in the largest continuous natural semi-arid steppe
land of western Europe (specifically in Castilla La Mancha, Central Spain). Several soil profiles and
a series of surface samples (0–10 cm) extracted from a systematic network throughout the saline
pond were described, sampled, and analyzed. The most significant results included the detection of
elevated levels of soil salinity, with distinctive sub-areas of extreme elevated surface salinity where
the pH reading peaked at 9.89 and the electrical conductivity was higher than 40 (dS/m). The very
high content of total available P displayed quite an irregular scatter within the soil profile. Specifically,
the range oscillated between 8.57 mg/kg and 388.1 mg/kg, several samples having values greater
than 100 mg/kg. An aspect that the abundant presence of Salsola soda, a plant frequently found
growing in nutrient-rich wetlands, was able to confirm.

Keywords: semi-arid environment; Natura 2000 network; halophytic flora; salt stress; soil salinity;
ecological environment; basin filling

1. Introduction

In semi-arid and arid regions, soil salinization and environmental problems go hand
in hand, due to the severe effects of salinity on agricultural productivity and long-term
sustainable development. Indeed, soil salinization normally produces severe effects on soil
quality through changes in soil structure and chemistry, soil biology, and crop productivity
and yield. Under such conditions, plants such as halophytes can survive and complete their
life cycle in the presence of significant concentrations of soluble salts. So, it is generally
accepted that identifying saline soils is of great importance for protecting land resources
and ecological niches and for sustainable agricultural development.

The issue of soil salinity is a result of both natural and anthropogenic causes. Salts are
naturally present in soil due to the weathering of parent minerals.

Although the soil-science community has generated abundant information on the
current state of soil salinity [1–5], the idea still persists that salt-affected soils of high salinity
are of low quality. Nevertheless, wetlands are among the most productive ecosystems on
Earth and provide various key ecosystem services for humans and other flora and fauna.
Hence, there exists a need for appropriate conservation policies and a more comprehensive
understanding of both wetland ecosystem services (especially saline ecosystems) and the
drivers behind their change.

Globally speaking, about 900 million ha of soil in over 100 countries has been affected
by salinization or sodification [6–8]. With that global perspective in mind, soil salinization
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management is vital to the achievement of “Zero Hunger” (SDG2) and “Life on Land”
(SDG15) among other sustainable development goals.

Generally, saline wetlands are important for the conservation of many endemic and
rare plant species and the migration of water birds, its salinity being a result of both
natural and anthropogenic causes [9–11] (Nachshon, 2018; Corwin, 2021; Stavi et al., 2021).
Halophytes are plants that can survive in saline wetlands where the salt concentration
exceeds 200 mM of NaCl (∼20 dS m−1) [12] (Flowers and T. D. Colmer). When the soil
has a shallow water table, then the salinity of the soil solution will be strongly affected
by the salinity of the groundwater. In this context, it is worth asking what are the main
soils’ properties as well as their edaphic and biogeochemical processes in geographic and
geological areas such as the El Hito saline wetland. The aim is to assess whether the use of
autochthonous species from saline environments may have advantages due to their better
tolerance to edaphoclimatic conditions, besides having several uses.

Salinity is a continuous and a complex global problem that cannot be solved simply.
And as is known, the salinity problem is increasing rapidly throughout the world. Hence,
in this study (necessary for monitoring this specific kind of wetland), the aim is to analyze
the compositional features, especially the contents of the main elements and ions relevant
to understanding the source of salinization and its spatial variability, and to design a
successful plant community. The specific questions concerned the following three points:
(1) whether different soil compositions will emerge as the primary variables for explaining
the presence and abundance of sub-communities within the saline pond; (2) whether there
are consistent patterns across surface horizon soil salinity levels; (3) which factors are
more than any other exerting a substantial influence on the structure of abundant and rare
sub-communities. With that in mind, the following specific objectives were addressed:
(1) to report relevant features such as pH, electrical conductivity, and other soil properties
of a hypersaline wetland located in the municipalities of El Hito-Montalbo; (2) to identify
and to evaluate the soil salinity of the study site with special emphasis on the relation
between soil salinity and plants; (3) to relate those parameters to the different types of
natural plants, in order to detect the main problems concerning salinity versus halophytes,
while investigating new proposals for conservation–rehabilitation measures.

2. Materials and Methods
2.1. Description of the Study Area

The study area is El Hito Pond (Cuenca, Spain), located between 39◦52′28′′ to 2◦42′06′′

North latitude and 39◦51′08′′ to 2◦40′56′′ South latitude (Figure 1). It is an endorheic,
palustral, ephemeral depression, with little topographic contrast, and a floodable lagoon
basin with an estimated volume of around 250–573 ha [13–15]. Dry and hot summer and
cold winter seasons are characterized by low levels of irregular precipitation, in which
potential evapotranspiration exceeds precipitation, with such high rates of evaporation
causing salts to accumulate on the soil surface. Mean annual precipitation stands at 587 mm
and the average temperature at 11.7 ◦C. The relief of the surrounding area is largely flat
and sometimes undulating, where the main soil types are Cambisols, Luvisols, Calcisols,
Regosols, and Leptsols [16].

The dominant species of the vegetation are all salt-tolerant. Fortunately, there is
detailed information on saline continental Mediterranean wetlands such as El Hito and their
plant characteristics [15,17–21]. Figures 2 and 3 show photographs of various halophilic
plant communities colonizing El Hito Pond.
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Figure 1. Orthophoto of the study area in Castilla La Mancha at (A) summer time; (B) winter time. 
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Among other species found in this wetland and of great biogeographical interest is
the endemic presence of Phanerogam Limonium soboliferum around the lagoon. Likewise,
numerous insects, including the orthopteroid Roseliana oporina, known as the “Cuenca
Meadow Bush-Cricket”, and the small crustacean Branchinecta orientalis, now threatened
with extinction, are also prevalent in the same location.

Regarding the conservation figures, we can mention that the natural area around El
Hito lagoon is included in the Natura 2000 Network (ZEPA-LIC-ZEC ES0000161) and in
the Ramsar List of Wetlands of International Importance.
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Figure 3. Salsola soda and Salicornia ramosissima communities at the edges of the flooded area. In
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2.2. Soil Samples Collected

Soil selection for sampling was dependent on certain soil-related features, such as
drainage, presence or absence of salt crust at the soil surface, and especially vegetation type
and density (Figure 4). For example, during sampling, the epsomite efflorescences appeared
in the form of fibrous or hairlike acicular crust, while the structure of the hexahydrite
efflorescences tended to be columnar. The soil profiles were described and sampled, having
previously been opened up with a backhoe machine (Figure 5). Both the soil profiles and
the surface sampling points were geo-referenced using Global Positioning System (GPS)
coordinates. Probably, the most striking visual expressions of salinity at El Hito are, on one
hand, the efflorescence on the soil surface (in dry periods) and, on the other, the halophilous
vegetation (Figure 4). The samples were bagged, properly labelled, and transported to the
laboratory for analysis. In total, 49 final soil samples were collected, consisting of 18 from
several soil profiles and 31 from surface soil horizons.
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cinellia festuciformis, and Elymus curvifolius; (B) bare soil with dry remnants of formations of Puccinel-
lia festuciformis; (C) Puccinellia festuciformis; (D) Salsola soda, Hordeum marinum, and Puccinellia festu-
ciformis; (E) shrinkage cracks with a few examples of Salsola soda; (F) grassland of Puccinellia festuci-
formis and annual plants of nitrified soils; (G) Lygeum spartum formations; (H) saline crust in bare 
soil; (I) sparse grassland of Salicornia ramossisima; (J) grassland with Salsola soda and Salicornia ra-
mosissima. 
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2.3. Soil Sample Analysis 
Soil samples were dried and sieved at 2 mm (separating out thick fragments and roots 

from the remainder of the material). The same samples were then divided into two parts: 
one to determine the general physico-chemical properties of the soil; the other to deter-
mine the elemental spectrum via X-ray fluorescence (XRF) spectroscopy. Likewise, the 
physico-chemical properties were determined with the techniques listed in Table 1. 

Table 1. Methods used for the soil sample analysis. 

Parameter Method References 
Texture Touch [22] 

pH 
pH meter measurements of 1:2.5 soil/water 

suspension [23] 

Electric conductivity (EC) 
Conductivity meter measurements of 1:5 

soil/water suspension [24] 

CaCO3 Bernard method with a calcimeter  
Organic matter (OM) Dichromate digestion (Walkley and Black) [25] 

Figure 4. Criteria for sampling: (A) grassland interspersed with formations of Lygeum spartum,
Puccinellia festuciformis, and Elymus curvifolius; (B) bare soil with dry remnants of formations of
Puccinellia festuciformis; (C) Puccinellia festuciformis; (D) Salsola soda, Hordeum marinum, and Puccinellia
festuciformis; (E) shrinkage cracks with a few examples of Salsola soda; (F) grassland of Puccinellia
festuciformis and annual plants of nitrified soils; (G) Lygeum spartum formations; (H) saline crust in
bare soil; (I) sparse grassland of Salicornia ramossisima; (J) grassland with Salsola soda and Salicornia
ramosissima.
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2.3. Soil Sample Analysis

Soil samples were dried and sieved at 2 mm (separating out thick fragments and
roots from the remainder of the material). The same samples were then divided into two
parts: one to determine the general physico-chemical properties of the soil; the other to
determine the elemental spectrum via X-ray fluorescence (XRF) spectroscopy. Likewise, the
physico-chemical properties were determined with the techniques listed in Table 1.

Table 1. Methods used for the soil sample analysis.

Parameter Method References

Texture Touch [22]

pH pH meter measurements of 1:2.5 soil/water
suspension [23]

Electric conductivity (EC) Conductivity meter measurements of 1:5
soil/water suspension [24]

CaCO3 Bernard method with a calcimeter

Organic matter (OM) Dichromate digestion (Walkley and Black) [25]

CEC Percolation with ammonium acetate solution
at pH = 7 [26]

P The Olsen method [27]

N The Kjeldahl distillation method [28]

Ca2+, Mg2+, Na+, K+ Inductively coupled plasma optical emission
spectrometry (ICP-OES)

SO4
2−, Cl− Ion chromatography

Mineralogy X-ray diffraction

Elements X-ray fluorescence spectrometers

2.4. Statistical Analysis

Statistical analysis was performed with the Statistical Product and Service Solutions
(SPSS) 19.0 software package for Windows, SPSS Inc., IL, USA, with the institutional license
of the Fundación Global Nature (Spain). The following analyses were performed: mean,
minimum and maximum, median, standard deviation (SD), coefficient of variation (CV),
and kurtosis of pH and EC results.

3. Results

All the pedons under study were deep and had no shallow water table. The soil
profiling and field sampling results were in morphological terms monotonous; the mor-
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phology is of the Az-C type, with neither cambic (Bw) horizons nor, of course, argillic
(Bt) horizons detected, typical of the nearby environment that borders the lagoon [29].
Indeed, the pedons showed similar morphological characteristics emanating from similar
ecological conditions and modes of formation. No redoximorphic features (iron mottle due
to reductive/waterlogged soil conditions) were detected.

In general, the structure was weak to moderate, in subangular blocks alternating with
massive clods and with a single grain (with no structure); the weak structure or its complete
absence could be attributed to the presence of Na+ that acted as a dispersant, slowing down
hydraulic conductivity [26,27,30,31]. What was really happening, as previously explained
by He et al. [32], was that the suspended particles had the potential to clog the soil pores
and consequently to diminish the capillary effects within the soil. Indeed, little porosity
was detected (except in some sandier horizons) and no stoniness in each horizon of the
soil profiles. Dispersal of wet, clay particles within the soil was observed, covering the
macropores of the soil surface. The consequence was that root growth through the soil and
surface crust was blocked, restricting plant emergence and thereby limiting root growth in
salt-affected soils.

All the above contributed to the definition of “pedogenon” characteristics. Indeed,
following the concept of “genon”, defined by Boulaine [33] as “a soil volume comprising all
the pedons that have the same structure, the same characteristics and result from the same
pedogenesis”, the concept of “soil genoforms” has more recently appeared in the work of
Rossiter and Bouma [34], understood as “soil classes”, identified in the soil classification
system used for detailed soil mapping of local areas. Following the classification of soil
classes, the term “pedogenon” emerged, proposed as a conceptual soil taxon derived
from a set of quantitative state variables representing the soil-forming factors [35,36]. If
each pedogenon is characterized by a soil type formed under a dominant parent material
occupying a unique position in the landscape, then at El Hito there is a characteristic
pedogenon that can, finally, be used as a benchmark soil.

Table 2 presents the physico-chemical parameters of El Hito pedogenon. The general
morphology is the Az-C1-C1 type (and therefore poorly developed), where the A horizon
is resting upon C material. Referring to the Keys to Soil Taxonomy [37] (Soil Survey Staff,
2014), the pedogenon was classified as Aridisols, with Great group Aquisalids, correlating
to Solonchaks of the IUSS Working Group WRB [16].

Table 2. Physico-chemical properties of the pedogenon in the study area.

Pedogenon Horizon pH (H2O) EC
(dS/m)

OC
(%)

N
(%) C/N P (mg/kg) CaCO3

(%)

El Hito

Az 9.06 10.38 1.10 0.16 1.9 155.31 10.5

C1 8.75 6.19 0.25 0.04 6.3 95.62 11.6

C2 8.69 8.12 0.23 0.03 7.6 41.31 4.8

With the above in mind, the pedogenon of El Hito lagoon can be characterized by
its dominant parent materials, silt, gypsum, and margogypsum, nurturing its natural
vegetation of Mediterranean salt meadows and grasslands growing on flat terrain. The soil
texture is heavy (clay silty), and the predominant soil color is whitish to greyish. Cracks,
crust, and efflorescence appear in the dry season. The soil class is Typic Aquilasids [33,37].
Soil pH peaked at a value of 9.06, which is highly alkaline in nature. Electrical conductivity
(EC1:5) was recorded at a value of 10.38 dS/m.

The dominant cations within salt-affected soils are sodium (Na+), calcium (Ca2+),
magnesium (Mg2+), and potassium (K+), and the dominant anions are chloride (Cl−),
sulphate (SO4

2−), carbonate (CO3
2−), bicarbonate (HCO−), and nitrates (NO3

−) [24]. Its
contents are high in the case study (Table 3). Based on the above values, it can be assumed
that Mg2+ and sometimes Ca2+ dominates, followed by Na+ and finally K+. Regarding
the anions, sulphate and chloride mainly dominate and, to a lesser extent, carbonate and
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bicarbonate; in that way, although carbonate concentration may not be negligible, Na+ is
probably responsible for the high pH values. In other words, sodium bicarbonate remains
within the water, producing trace amounts of soda that raises the pH.

Table 3. Results of the analyses of the paste saturation extract.

Pedogenon Horizon
Ca2+ Mg2+ Na+ K+ SO42− Cl− CO3H− CO32−

mg/kg

El Hito

Az 5621 6800 930 754 32,652 7110 138 147

C1 3627 5250 1150 503 18,017 7503 96 101

C2 3559 6350 1275 450 25,125 9750 106 113

Biomass accumulation is limited in many saline wetlands and soil organic matter is
unsurprisingly also limited at El Hito Pond. The high temperatures within the zone cause
fresh residual vegetation to decompose, which can therefore explain the low organic matter
(OM) value. The calcium content probably decreased, because of a competitive effect with
magnesium. Generally, soils are considered to be salinized when a soil saturation extract
has an ECe value of 4 dS/m or greater. As can be seen in the majority of the surface sample
results, the ECe values ranged between 1.39 and 41 dS/m (Table 4), clearly confirming that
El Hito site samples were highly salinized in 31 surface soil samples.

Table 4. Results of pH and electrical conductivity (ECe) analyses on 31 surface soil samples. The
characteristics of the type of vegetation/use are also shown.

Soil Surface Vegetation Type Coordinates pH (H2O) ECe (dS/m)

C1 Puccinellia festuciformis meadows 39.877087–2.701919 9.42 41.00

C2 Salsola soda meadows 39.876511–2.701869 9.48 30.70

C3 Bare soil with Salsola soda 39.872515–2.702211 9.61 32.70

C4 Puccinellia festuciformis meadows 39.870211–2.700909 9.71 16.26

C5 Aeluropus litoralis meadows 39.867876–2.698168 8.62 2.18

C6 Puccinellia festuciformis meadows 39.866100–2.695747 8.74 2.89

C7 Bare soil with Salsola soda 39.866407–2.692898 9.89 39.70

C8 Salsola soda and Salicornia ramosissima 39.869053–2.687970 9.71 4.99

C9 Lygeum spartum formations 39.871532–2.684968 8.78 2.58

C10 Grassland among Lygeum spartum 39.871252–2.684295 9.25 5.83

C11 Grassland among Lygeum spartum 39.875732–2.678837 8.54 1.39

C12 Fallow with Bassia scoparia 39.865365–2.673279 8.79 2.10

C13 Elymus repens meadows 39.866324–2.674148 8.68 4.00

C14 Aeluropus litoralis meadows 39.866599–2.674488 8.37 1.96

C15 Fallow 39.860569–2.678548 8.79 1.99

C16 Frankenia laevis and Plantago coronopus 39.860592–2.679418 9.65 27.40

C17 Salicornia ramosisima and Puccinellia caespitosa 39.862437–2.679445 9.54 12.97

C18 Bare soil 39.863784–2.682094 9.51 20.00

C19 Salsola soda meadows 39.863516–2.684056 9.46 8.00

C20 Grassland among Lygeum spartum 39.858481–2.686284 8.96 2.13

C21 Bare soil-fallow 39.858233–2.694175 8.93 3.94

C22 Grassland among Lygeum spartum 39.858594–2.699989 8.29 2.13
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Table 4. Cont.

Soil Surface Vegetation Type Coordinates pH (H2O) ECe (dS/m)

C23 Fallow with Salsola kali 39.860900–2.709894 8.42 2.33

C24 Fallow 39.867409–2.711967 8.64 2.06

C25 Fallow 39.872950–2.710535 8.92 0.74

C26 Bare soil-fallow 39.878496–2.709827 8.99 0.49

C27 Puccinellia caespitosa meadows 39.876401–2.695190 9.59 16.89

C28 Salsola soda meadows 39.874595–2.701872 9.60 9.50

C29 Bare soil with Salsola soda 39.872515–2.702211 8.53 8.06

C30 Puccinellia festuciformis meadows 39.866100–2.695747 8.44 2.69

C31 Bare soil with Salsola soda 39.866407–2.692898 9.67 21.30

Careful observation of the above data highlights the lateral anisotropy of soil salinity,
which was attributed to the temporal fluctuations of salt content following the appearance
and/or displacement of soluble salts within the soil. Those salinity variations constitute an
important driving factor of vegetation zonation.

The calculated statistics included mean, standard deviation (SD), coefficient of varia-
tion (CV), minimum, maximum, and kurtosis, as seen in Table 5. The saline soils of El Hito
Pond display high spatial variability in soil salinity at a field scale, caused by temporal and
spatial variations of external factors. It is worth noting that the SD of ECe (12.15) was larger
than that of the pH (H2O) (0.49), with the coefficient of variation (CV) of ECe (113%) larger
than that of the pH (H2O) (5%); a CV value lower than 10% indicated low variability. Both
data sets had large values of kurtosis with the ECah0 (6.64) larger than ECav0 (4.53), with
both being leptokurtic (value is greater than + 1.0) (Table 5).

Table 5. Basic summary statistics of the measured pH (H2O) and ECe (dS/m).

Variable Mean Median Min Max SD CV Kurtosis

pH (H2O) 9.08 8.96 8.29 9.89 0.49 0.05 −1.48

ECe (dS/m) 10.67 4.00 0.49 41.00 12.15 1.13 0.38

The graph in Figure 6 below represents the linear relationship between soil pH and
soil EC for the depth of 0–10 cm. Visual observation and statistical analyses indicated that
the soil pH had a significant positive relationship with the soil EC (pH = 5.403–0.152 EC).
The correlation coefficient was −0.88.
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The elemental spectrum of the pedogenon is presented in Table 6. The most abundant
element was S, whose presence ranged between 36.88 (%) and 27.94 (%), expressed as S03.
Ca came second in quantitative terms, ranging between 28.21 and 31.12 of CaO (%) and
then, in much smaller proportions, Mg, Si, Al, Na, K, Fe, and Cl, in descending order.

Table 6. Results of the chemical elemental analysis.

Pedogenon Horizon
SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O SO3 Cl PPC

(%)

El Hito

Az 4.15 1.02 0.27 30.63 4.02 0.33 0.24 36.88 0.19 21.74

C1 4.01 0.83 0.27 31.12 2.30 0.35 0.23 33.59 0.21 23.09

C2 6.45 1.28 0.48 28.21 9.34 0.40 0.31 27.94 0.25 24.56

Mineralogically, the three fundamental mineral components were gypsum, carbonates,
and more labile salts, i.e., epsomite (SO4Ca•7 H2O) and hexahydrite (SO4Ca•6 H2O).

Finally, if the five salinity classes established in 1983 by [34,38] (Table 7) are applied to
the samples, almost half may be considered extremely saline soils; around one third, very
saline soils; approximately 11%, moderately saline soil; only 4% can be considered slightly
saline soils; finally, only 4% can be termed non-saline soils.

Table 7. Classification of El Hito lagoon soils based on electrical conductivity (EC) following the
criteria of Duran [38]. Number of saline samples and percentage within the lagoon.

EC (dS/m) Salinity Classes Number of Soil Samples % Soil Samples

≤0.6 Non-saline soil 1 3.7

0.6 < EC ≤ 1 Slightly saline soil 1 3.7

1 < EC ≤ 2 Moderately saline soil 3 11.1

2 < EC ≤ 4 Very saline soil 9 33.3

>4 Extremely saline soil 13 48.2

The electrical conductivity values for the surface soils, which must be borne in mind
for ecological purposes, therefore indicated that a large portion of the total wetland area
was classified as saline soil.

4. Discussion
4.1. On the Origin of Soil Salinity in El Hito Saline Pond

El Hito saline pond occupies a flat-depressed zone, which favors preferential water
circulation and accumulation. As within other European salt steppes, the natural process of
soil formation shows specific patterns. Salts evidently accumulate, leading to salinization,
although temporal dynamics were observed within specific areas, which explains the
substantial variability of the data throughout the lagoon. In the opinion of Boettinger and
Richardson [39], wet soils and wetlands are in general not prevalent in dry and seasonally
dry climates, but their morphology and characteristics are considerably different from those
in more humid climates. Indeed, the major pedogenic process involved in the formation of
saline wetland soils in semi-arid climates, such as El Hito, is salinization.

The combined effects of high levels of evaporation together with insufficient leaching
leads to the accumulation of salts within the soil and consequently to the development
of salt-affected soils [40]. The only prerequisite is water with sufficient salts for further
accumulation. The levels of silt and clay favor drastic impermeability. Shao and Zhang [41]
suggested that an increase in silt content results in the thickening of the bound-water film
and a reduction in soil porosity.

El Hito saline pond is located within areas where water accumulates, closely related
to an endorheic basin (i.e., with little or no external drainage). There are briefly three
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factors or processes shaping the distribution and genesis of El Hito: geomorphology of
water concentration, lithological sources of sediments, and evapo-concentration of salts,
or in an environmental setting, pedogenesis. But globally speaking, a distinction is made
between the primary (natural) and secondary (human-induced) processes. In the primary
formation process, the nature of the parent geological material plays an important role,
alongside the natural climatic conditions (arid or semi-arid), i.e., a lack of precipitation
and an excess of evapotranspiration. On the contrary, the secondary process is caused by
human activities [4,42–44].

Indeed, El Hito Pond is filled with a shallow body of water (maximum depth 15–20 cm) [45]
for several months, approximately between November and May. Fundamentally, surface runoff
replenishes the water layer, favored by the depressed topography, so that it is only during the
rainy seasons when the lagoon retains water. Therefore, the primary drivers of soil salinization
are closely related to both the mineralogical and the chemical characteristics of the parent
materials and to both the topography and the type of climate. The process is well known: salty
water rising through the soil profile by capillary action contributes to the salts, which remain in
the soil when the water evaporates [46]. Given the topographic situation of the wetland, water
accumulation occurs. The summer evaporation rates are higher than the precipitation rates
within the region, so the normal pattern over many years is more or less rapid water evaporation.
The salinity levels therefore rise as evaporation continues, and the surrounding soil salinization
is continuous as water salinization gradually adds to soil salinity levels. Anthropic sources have
been cited in other areas of the world [4,10,43,47–49], as are also glimpses of anthropic effects
in the case of El Hito Pond. In any case, the evaporation process accelerates salt encrustation
and formation, and the salts rise by capillarity action to the surface of the soil where crusts may
even form.

4.2. Discussion on Halophyte Adaptation to Salt-Affected Soils

There is, to the best of our knowledge, limited research on soil salinity levels and
the specialized vegetation that can prosper under such conditions. Halophyte formations
generally reflect the chemical composition and the levels of soil salinity under natural con-
ditions quite accurately. Soil pH and EC, in particular, emerged as primary environmental
factors shaping the abundance of some plant species.

One of the identifying features of El Hito saline pond soils is their salt accumulation
levels, especially within the surface horizons. The origin of the salt must be linked to the
materials (gypsum and silt and gypsum marl) and their composition, as well as to the semi-
arid climatic conditions that facilitate the water evaporation and saline precipitation. The
following salt types were identified: epsomite (SO4Mg•7H2O), mirabilite (SO4Na2•10H2O),
bloedite [(SO4)2Na2Mg•4H2O], halites (ClNa), etc. [14]. Sometimes, together with those
saline accumulations, the same salts form crust-shaped accumulations (Figures 2–4), a type
of crusting layer that forms at different stages (between approximately 0–10 cm) where
salts accumulate at the onset of the dry summer season.

Soil salinity has a twofold influence on plant growth: high toxic ion concentrations
and negative water potential [50,51]. Simply mentioning the word salinity in the context of
soil can refer to problematic issues, since it negatively affects the growth of most plants.
However, the so-called halophytic plants are salt-tolerant plants, that can normally prosper
at levels of approximately 20 dS m−1 of EC [52,53]. Authors such as Rozema and Schats [54]
pointed out that plant growth could be stimulated within salinity ranges between 15 and
25 dS/m.

In general, plants growing under saline conditions have to adapt to three types of
stress: (a) water stress (caused by osmotic pressure); (b) mineral toxicity stress caused
by salt; and (c) alterations in mineral balance. Excess salts can inhibit water extraction
through plant roots, i.e., less water is available to the plant, with a consequent reduction in
soil productivity. Additionally, the salts provoke swelling and dispersion of the colloidal
particles (caused by an excess of exchangeable Na), which generates both water infiltration
and root penetration problems, as well as complicating the emergence of the seedlings.
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Finally, in the summer, coinciding with maximum evapotranspiration, capillary rise occurs,
generating saline crust formations on the surface.

The plants that colonize El Hito Pond are salt tolerant. The distribution of different
species is dependent upon the duration of flooding. In this regard, plant tolerance to
waterlogging can be summarized as follows: Lygeum < Frankenia < Puccinellia < Salicornia =
Salsola. Principio del formulario

Crops such as potatoes, wheat, Vitis vinifera, Citrus, Prunus, Lactuca, and Cucumis and
plants such as Lavandula and Calendula are damaged by soil salinization. In contrast, the
growth and the development of plants such as Salsola is, on one hand, common at El Hito
saline pond, which is nothing strange in itself given that its growth is not negatively affected
by salt stress; on the other hand, plants and crops commonly found within the environment
of El Hito Pond are negatively affected, because of the disruption of certain physiological
processes such as an imbalance in the ratios of macronutrients, nutritional deficiency, and
even Na phytotoxicity [55,56]. In fact, saline stress may somehow affect processes such as
photosynthesis and respiration, causing inhibition, wilting, drying, and the demise of entire
plant organs of most plants and vegetable crops [57,58]. Indeed, from the biological point
of view, soil salinization processes affect several ecological soil functions. Thus, respiration
and microbial activity are both worth mentioning, insofar as they interact with processes
related to organic matter, decomposition, and the N cycle, eventually affecting microbial
activity [53,59,60].

Globally speaking, soil salinity is an important variable that plays a relevant role in
reducing fertility levels. Soil salinization is therefore a very severe problem that is mainly
due to irrigation strategies and other intensive agricultural activities [61,62]. It becomes an
issue for agricultural productivity, but not within ecological niches where saline soils are
produced by natural processes.

4.3. Ecosystem Services of El Hito Saline Pond: Proposal for Conservation–Rehabilitation
Measures

Ecosystem services have become a prominent concept in international policy and
research agendas [63]. Wetlands are among the most diverse and productive and therefore
the most valuable ecosystems [64–68] in the world. Various ecosystem services can co-
exist within one ecosystem [69]. El Hito Pond constitutes a small iconic environment
representative of the most diverse and productive ecosystems within the Mediterranean
region. A fascinating result of interactions between aquatic and terrestrial ecosystems, it
provides a wide range of services and benefits to local inhabitants and visitors, including
climate regulation, water purification, and flood hazard reduction; although its recreational
and cultural value may be highlighted above all, they are in addition to its role as a natural
wildlife habitat.

There were until practically a few decades ago hardly any environmental concerns
voiced in the society over the importance of wetlands, much less so whether these are
saline in nature. In the latter case, they have rather been disdained, based on the fact that
they were practically useless for agricultural purposes. With that in mind, given that our
findings have demonstrated clearly varied levels of soil salinity and ionic compositions
across the lagoon, soil management may consider the spatial heterogeneity of saline soil
types. Our results therefore provide scientific guidance for soil management and restoration
of the lagoon. Future studies should address the quantification of temporal changes to soil
salt-affection patterns in and around El Hito Pond.

Halophytic plants, which are salt-tolerant species, can survive under values of EC of
20 dS/m [52], while [54] pointed out that plant growth can be stimulated within a salinity
range of 15 and 25 dS/m. This series of species is equipped with adaptive mechanisms to
survive in saline environments; they include biochemical, physiological, anatomical, and
morphological characteristics [52,70,71].

Some scholars [72–76] have maintained that halophytes were viable alternatives for
food, fodder, bioenergy, ornamental, and pharmaceutical uses. According to Duarte and
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Caçador [72], the benefits of halophyte ecosystems are acknowledged, insofar as they
improve soil health and ecosystem biodiversity and can store large amounts of carbon,
thereby increasing the ecosystem resilience to climate change and offering green solutions
to slow climate change. Both [77,78] pointed out that halophytes have long been used for
pharmaceutical purposes, in view of their bioactive compounds with medical properties.

Halophytes are considered precious natural resources with potential economic value
as grain, vegetable, fruit, medicine, animal feed, and biofuel feedstocks and in greening
and coastal protection [79]. In this way, plants from the genus Salsola are known to be
used in traditional medicine; for example, Halothamnus somalensis (N.E.BR.) Botsch (Salsola
somalensis N.E.Br.) has been used as hypotensive, antibacterial, and anticancer agents.
Salsola is a halophyte with succulent vegetative structures that can be defined as a successful
salt-absorbing species. The genus can also help with the restoration and reclamation of
degraded salty areas and saline soils [80]. A halophyte native to the Mediterranean basin,
Salsola soda L., is considered to be a “biodesalinating companion plant” to tomatoes and
peppers in the saline soils of central Italy [81]. The potential use of Salsola soda for the
phytostabilization of polluted areas has been shown by [79,82,83]. Recently, Ref. [84]
stated that planting halophytes in salt-affected areas can improve soil quality and restore
biodiversity. It also produces valuable products, such as animal feeds and renewable
energy sources. Therefore, the presence of Salsola soda at El Hito should be understood as a
paradigmatic example of a species to conserve, since it is perfectly adapted to a dominant
saline soil environment.

It is expected that as climate change brings drier and warmer conditions to the region,
sparser water resources will lower or completely exhaust El Hito lagoon water levels. It is
therefore necessary to propose conservation–remediation measures.

Lygeum spartum L. has recently been introduced into areas with high soil salinity
levels [85]. Popularly known as Albardín, Lygeum spartum is an herbaceous plant with
an extensive root system that shows spontaneous growth in saline soils and reduces soil
erosion, while enhancing soil phytostabilization. It is therefore used in landscape restoration
and for erosion control in the southeastern Iberian Peninsula according to [86], especially
in semi-arid areas.

However, Ref. [87] pointed out that the effect of salinity on germination varies con-
siderably with temperature regimes, while [88] through a field experiment concluded that
that L. spartum can be used as a bio-indicator of soil salt type. Ref. [89] demonstrated that
an increase in salinity induces both a reduction in the percentage of germinating seeds
and a delay in the initiation of the germination process. More recently, Refs. [90,91] stated
that salinity, temperature, and their interaction affected the germination percentage of
L. spartum seeds. According to our findings, late autumn and early winter sowings are
recommended when salinity and temperature stresses are reduced, when plant canopies do
not cover the soil, roots are insufficiently developed, and the soil has no protection against
erosion (Figure 7).
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Pinzari, F. When Salt Meddles Between Plant, Soil, and Microorganisms. Front. Plant Sci. 2020, 11, 553087. [CrossRef]

52. Flowers, T.J.; Colmer, T.D. Plant salt tolerance: Adaptations in halophytes. Ann. Bot. 2015, 115, 327–331. [CrossRef]
53. Meng, X.; Zhou, J.; Sui, N. Mechanisms of salt tolerance in halophytes: Current understanding and recent advances. Open Life Sci.

2018, 13, 149–154. [CrossRef] [PubMed]
54. Rozema, J.; Schats, H. Salt tolerance of halophytes, research questions reviewed in the perspective of saline agriculture. Environ.

Exp. Bot. 2013, 92, 83–95. [CrossRef]
55. Acosta-Motos, J.R.; Ortuño, M.F.; Bernal-Vicente, A.; Diaz-Vivancos, P.; Sanchez-Blanco, M.J.; Hernandez, J.A. Plant responses to

salt stress: Adaptive mechanisms. Agronomy 2017, 7, 18. [CrossRef]
56. Morton, M.J.L.; Awlia, M.; Al-Tamimi, N.; Saade, S.; Pailles, Y.; Negrão, S.; Tester, M. Salt stress under the scalp–dissecting the

genetics of salt tolerance. Plant J. 2019, 97, 148–163. [CrossRef] [PubMed]
57. Cheeseman, J.M. The evolution of halophytes, glycophytes and crops, and its implications for food security under saline

conditions. New Phytol. 2015, 206, 557–570. [CrossRef]
58. Zörb, C.; Geilfus, C.-M.; Dietz, K.-J. Salinity and crop yield. Plant Biol. 2019, 21, 31–38. [CrossRef]
59. Singh, M.; Nara, U.; Kumar, A.; Choudhary, A.; Singh, H.; Thapa, S. Salinity tolerance mechanisms and their breeding implications.

J. Genet. Eng. Biotechnol. 2021, 19, 173. [CrossRef]
60. Dong, Y.; Chen, R.; Petropoulos, E.; Yu, B.; Zhang, J.; Lin, X.; Feng, Y. Interactive effects of salinity and SOM on the ecoenzymatic

activities across coastal soils subjected to a saline gradient. Geoderma 2022, 406, 115519. [CrossRef]
61. Akramkhanov, A.; Martius, C.; Jin Park, S.; Hendrickx, J.M.H. Environmental factors of spatial distribution of soil salinity on flat

irrigated terrain. Geoderma 2011, 163, 55–62. [CrossRef]

https://doi.org/10.1002/ldr.751
https://doi.org/10.3390/agronomy6040053
https://doi.org/10.1016/j.catena.2014.12.028
https://doi.org/10.1016/j.geoderma.2017.11.002
https://doi.org/10.1016/j.geoderma.2021.115012
https://doi.org/10.1016/j.geoderma.2022.116182
https://doi.org/10.3321/j.issn:0564-3929.2009.05.004
https://doi.org/10.1071/SR10105
https://doi.org/10.1002/ldr.4211
https://doi.org/10.1016/bs.agron.2021.03.001
https://doi.org/10.1093/jxb/erj108
https://www.ncbi.nlm.nih.gov/pubmed/16510516
https://doi.org/10.1016/S0378-3774(02)00058-6
https://doi.org/10.1016/j.scitotenv.2016.08.177
https://www.ncbi.nlm.nih.gov/pubmed/27591523
https://doi.org/10.1016/j.scitotenv.2020.142432
https://doi.org/10.3389/fpls.2020.553087
https://doi.org/10.1093/aob/mcu267
https://doi.org/10.1515/biol-2018-0020
https://www.ncbi.nlm.nih.gov/pubmed/33817080
https://doi.org/10.1016/j.envexpbot.2012.08.004
https://doi.org/10.3390/agronomy7010018
https://doi.org/10.1111/tpj.14189
https://www.ncbi.nlm.nih.gov/pubmed/30548719
https://doi.org/10.1111/nph.13217
https://doi.org/10.1111/plb.12884
https://doi.org/10.1186/s43141-021-00274-4
https://doi.org/10.1016/j.geoderma.2021.115519
https://doi.org/10.1016/j.geoderma.2011.04.001


Land 2024, 13, 449 17 of 18

62. Zheng, C.; Jiang, D.; Liu, F.; Dai, T.; Liu, W.; Jing, Q.; Cao, W. Exogenous nitric oxide improves seed germination in wheat against
mitochondrial oxidative damage induced by high salinity. Environ. Exp. Bot. 2009, 67, 222227. [CrossRef]

63. Schroter, M.; Stumpf, K.H.; Loos, J.; van Oudenhoven, A.P.E.; Böhnke-Henrichs, A.; Abson, D.J. Refocusing ecosystem services
towards sustainability. Ecosyst. Serv. 2017, 25, 35–43. [CrossRef]

64. Costanza, R.; De Groot, R.; Sutton, P.; Van der Ploeg, S.; Anderson, S.J.; Kubiszewski, I.; Farber, S.; Turner, R.K. Changes in the
global value of ecosystem services. Global Environmental Change. Hum. Policy Dimens. 2014, 26, 152–158. [CrossRef]

65. Kingsford, R.T.; Basset, A.; Jackson, L. Wetlands: Conservation’s poverty cousins. Aquat. Conserv. Mar. Freshw. Echoes. 2016, 26,
892–916. [CrossRef]

66. Chaplin-kramer, R.; Sharp, R.P.; Weil, C.; Bennett, E.M.; Pascual, U.; Arkema, K.K.; Brauman, K.A.; Bryant, B.P.; Guerry, A.D.;
Haddad, N.M.; et al. Global modeling of nature’s contributions to people. Science 2019, 336, 255–258. [CrossRef] [PubMed]

67. Mengist, W.; Soromessa, T.; Feyisa, G.L. A global view of regulatory ecosystem services: Existed knowledge, trends, and research
gaps. Ecol. Process. 2020, 9, 461. [CrossRef]

68. Hong, Z.D.; Ding, S.Y.; Zhao, Q.H.; Qiu, P.W.; Chang, J.L.; Peng, L.; Wang, S.Q.; Hong, Y.Y.; Liu, G.J. Plant trait-environment trends
and their conservation implications for riparian wetlands in the Yellow River. Sci. Total Environ. 2021, 767, 144867. [CrossRef]

69. Chang, L.; Zhao, Z.B.; Jiang, L.X.; Li, Y.F. Quantifying the Ecosystem Services of Soda Saline-Alkali Grasslands in Western Jilin
Province, NE China. Int. J. Environ. Res. Public Health 2022, 19, 4760. [CrossRef]

70. Yuan, M.; Huang, L.L.; Chen, J.H.; Wu, J.; Xu, Q. The emerging treatment landscape of targeted therapy in non-small-cell lung
cancer. Signal Transduct. Target. Ther. 2019, 4, 61. [CrossRef]

71. Rahman, M.M.; Shahrivar, A.A.; Hagare, D.; Maheshwari, B. Impact of Recycled Water Irrigation on Soil Salinity and Its
Remediation. Soil Syst. 2022, 6, 13. [CrossRef]

72. Cassaniti, C.; Romano, D.; Flowers, T.J. The response of ornamental plants to saline irrigation water. Water Manag. Pollut. Altern.
Strateg. 2012, 131, 158.

73. Alvarez, S.; Sanchez-Blanco, M.J. Comparison of individual and combined effects of salinity and deficit irrigation on physiological,
nutritional and ornamental aspects of tolerance in Callistemon laevis plants. J. Plant Physiol. 2015, 185, 65–74. [CrossRef]
[PubMed]

74. Koyro, H.-W.; Lieth, H.; Gul, B.; Ansari, R.; Huchzermeyer, B.; Abideen, Z.; Hussain, T.; Kahn, M. Importance of the Diversity
within the Halophytes to Agriculture and Land Management in Arid and Semiarid Countries. In Sabkha Ecosystems 4: Cash Crop
Halophyte and Biodiversity Conservation; Khan, M.A., Böer, B., Münir Öztürk, M., Abdessalaam, T.Z., Clüsener-Godt, M., Gul, B.,
Eds.; Springer: Berlin/Heidelberg, Germany, 2014; pp. 175–198.

75. Sharma, R.; Wungrampha, S.; Singh, V.; Pareek, A.; Sharma, M.K. Halophytes as bioenergy crops. Front. Plant Sci. 2016, 7, 1372.
[CrossRef] [PubMed]

76. Duarte, B.; Caçador, I. Iberian Halophytes as Agroecological Solutions for Degraded Lands and Biosaline Agriculture. Sustainability
2021, 13, 1005. [CrossRef]

77. Giordano, R.; Saii, Z.; Fredsgaard, M.; Hulkko, L.S.S.; Poulsen, T.B.G.; Thomsen, M.E.; Henneberg, N.; Zucolotto, S.M.; Arendt-
Nielsen, L.; Papenbrock, J.; et al. Pharmacological Insights into Halophyte Bioactive Extract Action on Anti-Inflammatory, Pain
Relief and Antibiotics-Type Mechanisms. Molecules 2021, 26, 3140. [CrossRef] [PubMed]

78. Ferreira, M.J.; Pinto, D.C.; Cunha, A.; Silva, H. Halophytes as medicinal plants against human infectious diseases. Appl. Sci. 2022,
12, 7493. [CrossRef]

79. Ksouri, R.; Ksouri, W.M.; Jallali, I.; Debez, A.; Magne, C.; Hiroko, I.; Abdelly, C. Medicinal halophytes: Potent source of health
promoting biomolecules with medical, nutraceutical and food applications. Crit. Rev. Biotechnol. 2012, 32, 289–326. [CrossRef]
[PubMed]

80. Chauhan, M.; Gopal, B. Saline Wetlands of the Arid Zone of Western India. In The Wetland Book II; Finlayson, C.M., Milton, G.R.,
Prentice, R.G., Davidson, N.C., Eds.; Springer: Dordrecht, The Netherlands, 2018. [CrossRef]

81. Colla, G.; Rouphael, Y.; Fallovo, C.; Cardarelli, M.; Graifenberg, A. Use of Salsola soda as a companion plant to improve
greenhouse pepper (Capsicum annuum) performance under saline conditions. N. Z. J. Crop Hortic. Sci. 2006, 34, 283–290. [CrossRef]

82. Milic, D.; Lukovic, J.; Ninkov, J.; Zeremski-Skoric, T.; Zoric, L.; Vasin, J.; Milic, S. Heavy metal content in halophytic plants from
inland and maritime saline areas. Cent. Eur. J. Biol. 2012, 7, 307–317. [CrossRef]

83. Lorestani, B.; Cheraghi, M.; Yousefi, N. Accumulation of Pb, Fe, Mn, Cu and Zn in plants and choice of hyperaccumulator plant
in the industrial town of Vian, Iran. Arch. Biol. Sci. 2011, 63, 739–745. [CrossRef]

84. Abdellaoui, R.; Elkelish, A.; El-Keblawy, A.; Mighri, H.; Boughalleb, F.; Bakhshandeh, E. Editorial: Halophytes: Salt stress
tolerance mechanisms and potential use. Front. Plant Sci. 2023, 14, 1218184. [CrossRef] [PubMed]

85. Nedjimi, B.; Daoud, Y.; Carvajal, M.; Martínez-Ballesta, M.C. Improvement of the adaptation of Lygeum spartum L. to salinity
under the presence of calcium. Commun. Soil Sci. Plant Anal. 2010, 41, 2301–2317. [CrossRef]

86. García-Fuentes, A.; Salazar, C.; Torres, J.A.; Cano, E.; Valle, F. Review of communities of Lygeum spartum L. in the southeastern
Iberian Peninsula (western Mediterranean). J. Arid Environ. 2001, 48, 323–339. [CrossRef]

87. Khan, M.A.; Ungar, I.A. Influence of salinity and temperature on the germination of Haloxylon recurvum Bunge ex. Boiss. Ann.
Bot. 1996, 78, 547–551. [CrossRef]

88. Rogel, J.A.; Silla, R.O.; Ariza, F.A. Edaphic characterization and soil ionic composition influencing plant zonation in a semiarid
Mediterranean salt marsh. Geoderma 2001, 99, 81–98. [CrossRef]

https://doi.org/10.1016/j.envexpbot.2009.05.002
https://doi.org/10.1016/j.ecoser.2017.03.019
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1002/aqc.2709
https://doi.org/10.1126/science.aaw3372
https://www.ncbi.nlm.nih.gov/pubmed/31601772
https://doi.org/10.1186/s13717-020-00241-w
https://doi.org/10.1016/j.scitotenv.2020.144867
https://doi.org/10.3390/ijerph19084760
https://doi.org/10.1038/s41392-019-0099-9
https://doi.org/10.3390/soilsystems6010013
https://doi.org/10.1016/j.jplph.2015.07.009
https://www.ncbi.nlm.nih.gov/pubmed/26277754
https://doi.org/10.3389/fpls.2016.01372
https://www.ncbi.nlm.nih.gov/pubmed/27679645
https://doi.org/10.3390/su13021005
https://doi.org/10.3390/molecules26113140
https://www.ncbi.nlm.nih.gov/pubmed/34073962
https://doi.org/10.3390/app12157493
https://doi.org/10.3109/07388551.2011.630647
https://www.ncbi.nlm.nih.gov/pubmed/22129270
https://doi.org/10.1007/978-94-007-4001-3_173
https://doi.org/10.1080/01140671.2006.9514418
https://doi.org/10.2478/s11535-012-0015-6
https://doi.org/10.2298/ABS1103739L
https://doi.org/10.3389/fpls.2023.1218184
https://www.ncbi.nlm.nih.gov/pubmed/37426981
https://doi.org/10.1080/00103624.2010.508095
https://doi.org/10.1006/jare.2000.0756
https://doi.org/10.1006/anbo.1996.0159
https://doi.org/10.1016/S0016-7061(00)00067-7


Land 2024, 13, 449 18 of 18

89. Meot-Duros, L.; Magné, C. Effect of salinity and chemical factors on seed germination in the halophyte Crithmum maritimum L.
Plant Soil 2008, 313, 83–87. [CrossRef]

90. Nedjimi, B. Effect of salinity and temperature on germination of Lygeum spartum L. Agric. Res. 2013, 2, 340–345. [CrossRef]
91. Nedjimi, B. Lygeum spartum L.: A review of a candidate for West Mediterranean arid rangeland rehabilitation. Rangel. J. 2016, 38,

493–499. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11104-008-9681-6
https://doi.org/10.1007/s40003-013-0084-4
https://doi.org/10.1071/RJ16046

	Introduction 
	Materials and Methods 
	Description of the Study Area 
	Soil Samples Collected 
	Soil Sample Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	On the Origin of Soil Salinity in El Hito Saline Pond 
	Discussion on Halophyte Adaptation to Salt-Affected Soils 
	Ecosystem Services of El Hito Saline Pond: Proposal for Conservation–Rehabilitation Measures 

	Conclusions 
	References

