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Abstract: Fetzara lake, located at 18 km southwest of Annaba city, is one of the largest lakes in the
extreme northeastern Algeria. In 2002, the Ramsar convention classified it among the wetlands of
international importance. In this study, we aim to evaluate soil properties of Fetzara lake region,
which are very sensitive to salinization phenomena, and their evolution according to depth. A
sampling companion was carried out on the first two superficial levels 0 to 25 cm and 25 to 50 cm. A
total of 24 samples, gathered from 12 sites distributed around the lake perimeter, were analyzed for
their physical and physico-chemical properties. Results show that the majority of the soils samples are
classified as saline soils (ESP < 15%, EC > 4 mS cm™), with a highly variable electrical conductivity
(6.52 to 24.3 mS cm™), reaching its maximum in both northeastern (Wadi Zied town) and southeastern
part of the lake (Cheurfa town). Moreover, the soil solutions are characterized by the abundance of
ions such as CI, SO,*, Na* and Mg?*, giving a dominant sodium chloride facies in most of the
analyzed samples.
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1. Introduction Mediterranean region, salt accumulation is
a process favoured by the ecological
Soil salinity becomes a major problem in conditions of the region, controlled above
global agriculture when soil and all by soil and climate variability and the
environmental factors contribute to the expected increase in irrigated areas and the
accumulation of salts in soil layers to a scarcity of good quality water [10-13].
level that negatively affects crop This accumulation and modification of the
production. Worldwide, more than 800 sorption complex (exchange phenomena)
million hectares of land are estimated to be leads to a substantial degradation and
affected by salt [1-2]. This is usually due transformation of the physical and
to natural processes such as the chemical properties of soils, resulting in a
accumulation of salt by rainfall or by the reduction the productivity of many
weathering of rocks, known as primary agricultural ~ crops, including  most
salinization. Secondary salinization can vegetable crops, which present low
result from human activities such as tolerance to soil salinity [9, 14-16].
urbanization, agricultural practices and Algeria, several wetlands concentrated
irrigation of cultivated land [3-9]. In the mainly in the northeastern part of the
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country, along the Mediterranean coastal
suffer from soil salinization [17]. The
Fetzara lake region is one of the most
important wetlands in northeast Algeria
and has been classified as a Ramsar
Wetland since 2002. Its vast surface and its
relatively temporal character make it a
typical wetland of the Mediterranean
region [18] and an important ecosystem
that requires surveillance of both its quality
and quantity. Several studies [7, 17, 19-24]
have generally mentioned the salinization
problem in Fetzara lake region, especially
in the northeastern and southeastern parts,
but without providing details about the
mechanisms controlling this phenomenon.
Therefore, a suitable study on the soil
salinity of this region seems very useful
and provides more information about this
problem.

The assessment of soil quality and
salinization requires the determination of
their physico-chemical properties, which
are quantitatively measurable providing a
complete description of the major
processes of their functioning [16, 25-26].
The risk of soil degradation can be
assessed by two important criteria, namely:
the soluble salt content that reflects salinity
in the strict sense while the percentage of
exchangeable sodium in the soil reflects
sodization [8-9, 14]. The sodization
phenomenon is the process of sodium
exchange on the sorption complex of clays
and their progressive saturation in sodium
ion [27].

The objective of this research is to study
the quality and salinization of soils in the
Fetzara lake region, by interpreting the
results obtained from the analysis of
physicochemical parameters using
analytical and statistical approaches (PCA)
as well as calculating indexes relating to
the soil classification, i.e. the exchangeable
sodium percentage (ESP) and the sodium
adsorption ratio (SAR).

2. Matherials and methods
2.1. Study area

Fetzara lake is located in north-east
Algeria and distant of 18 km south-west of
Annaba city (Fig. 1), covers an area of
about 18600 ha stretching for 17 km long
from East to West and 13 km wide from
North to South [23]. The lake collects
water from an important watershed of
about 515 km?, it plays a major role in
flood control, sediment and nutrient
retention and recharge of the water table
[28-29]. Throughout the year, a main canal
drains the water from the lake, which is
evacuated into the oued Meboudja, then
into the oued Seybouse, which in turn
flows into the Mediterranean Sea.
Geologically, the Fetzara region is
characterized by two distinct lithologies,
metamorphic and sedimentary.
Metamorphic formations outcrop in the
Edough Massif and its surroundings area,
they consist mainly of gneiss and
metapelites (Alumaceous Shale Unit).
Sedimentary formations occupy the rest of
the study area and consist of marls, clays,
cretaceous sandstone (Cretaceous Flysch),
and Oligo-Miocene sandstone [30-31].
Several studies on agricultural
development have been carried out on the
soils of the Fetzara region [7, 20-21, 28].
These studies classified soils into four
classes: poorly developed soils, vertisols,
hydromorphic soils and halomorphic soils.

2.2. Procedure

The great variability of salt content in soil
from one point to another has made more
delicate both sampling and laboratory
analyzes to study their spatial distribution.
In the present case, soil sampling was
carried out on the first two surficial levels
(0 to 25 cm and 25 to 50 cm) where the
most important ionic exchanges take place.
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A total of 24 samples were taken from
twelve (12) points around Fetzara lake
(Fig. 2). They were air dried, crushed and
sieved to 2 mm to obtain the fine soil that
will be object for all chemical,
physicochemical and physical analyzes,

namely: specific density, total porosity,
total organic carbon (TOC) and organic
matter (OM), pH, electric conductivity
(EC) and soluble salts (Ca?*, Mg?*, Na*,
K*, CI, HCOg", SO+%, CO3?) ( Table 1).
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Table 1

Physico-chemical soil analysis methods [32]

Parameters Symbols Unit Meéthods

pH pH / pH meter

Electrical conductivity EC mS cm? Conductimeter

Total organic carbon TOC % Modified Anne method
Organic matter oM % OM=%TOC*1.72
Specific density D gcm? Paraffine

Total porosity P % P =(1-Da/Dr) * 100
Calcium, Magnesium Ca?*, Mg meq dm3 Complexometry
Chlorides CrI- meq dm3 Mohr with AgNOs.
Sulfates SO4* meq dm Gravimetry with BaCl,
Bicarbonates, Carbonates HCOs", COs* meq dm3 Sulfuric acid (H.SOa).
Sodium and Potassium Na*, K* meq dm3 Flame emission spectrometry

Particle size measurement is one of the
classical ways of studying soils, defining
the texture, which in turn determines in
part the physical and physicochemical
properties of the environment [33]. The
soil texture is the reflection of the
proportion of sand particles, silt and clay
found there [34-35]. These proportions
determine the pores size and, largely, the
ability to retain moisture and nutrients.
Soil particles less than 2 mm in size are
divided into three categories: sand (the
largest particle), silt and clay (the
smallest). They are classified according to
the ratios between different particles. For
example, soils classified as "sandy" consist
of more than 50 to 55% of sand, while
"clayey" soils have a clay content of 20%
or more [36].

The soil capacity to exchange cations is
called cation exchange capacity (CEC),
arises because of the charge associated
with clay particles and other soil
components [34]. In this study, since the
CEC was not measured, an empirical
equation proposed by US Salinity
Laboratory [37] was used, the latter
expressing a correlation between the
percentage of exchangeable sodium (ESP)
and the values of the sodium adsorption
ratio (SAR) of soil solutions. It has been

used by several authors [38-40] and can be
written by the following formula (Eqg. 1):

100(-0.0126 + 0.01475 « SAR )
1+ (-00126 + 0.01475 + SAR )

ESP(%) =

This empirical equation satisfies the
theoretical limit condition for high SAR
and ESP values. However, the data used in
the calculation of this ratio was SAR < 65
and ESP < 50.
The sodium adsorption ratio (SAR) was
developed to describe empirically the
imbalance  between divalent cations
(calcium and magnesium) and sodium for
assessing the sodization risk of the sorption
complex [8, 41]. It was calculated
according to the following formula (Eq. 2)
where all concentrations are expressed in
(meq dm’):
SAR = =2 __

[CaZt+Mgat

3 z
There are different methods for classifying
the saline soils; The American, French,
Russian and FAO classification. Among
these classifications and the most used is
the classification of USSL [37] (Table 2),
since it is based on easy-to-obtain
parameters like electrical conductivity
(EC) and exchangeable sodium percentage
(ESP).
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Table 2
Classification of saline soils according to USSL
[37]
Parameters | EC <4 mScm* cEr(rif 4mS
ESp <150 | Non-Salineand o ol
non-Alkaline soils

ESP>15% | Alkaline soils Alkaline-

Saline soils

3. Results and discussion
3.1. Physical and chemical properties of
soils

Soils in the Fetzara region are weakly
alkaline to acid pH (5.97 to 8.10)
containing 0.4 to 3.47% of organic matter.
They are characterized by an electrical
conductivity ranging from 6.52 to 24.3 mS
cm?. Total porosity shows an average
value of 23% and 22% for the first and
second level respectively, while the
permeability coefficient is less than 2 cm
hrt,

3.1.1. Particle Size

The obtained results of particle size
analysis carried on soils from the Fetzara
lake region are plotted into the triangular
diagram (Fig. 3) in order to determine their
textures. The majority of samples with
average values of 69.34% for the first level
(0-25 cm) and 58.67% for the second (25-
50 cm) show the dominance of silt
fraction. This excess of silt fraction and
clay deficiency conducts to a massive
structure formation, and therefore the
mediocre physical properties of soils [34-
35, 42].

The sandy fraction shows an average of
26.46% and 35.83% for the first and
second level respectively.

However, sandy fraction is greater than
50% in both the sample S4 (level 0-25 cm)
located in the southern part of Fetzara lake,
near of wadi El Hout, and S'4, S'8 (level
25-50 cm). Soils with sandy fraction >
50% are generally, well ventilated, of low
coherence, not or very weakly structured,
poor in nutritive elements, and have a
weak capacity of cationic exchange [34-35,
42]. The clay fraction shows low averages,
4.2% for the first level and 5.5% for the
second level where the maximum value is
registered in the south of Berrahal town
(18% sample S7). These clayey soils are
chemically rich, but exhibit mediocre
physical properties (impervious and
weakly aerated soil) [34-35, 42].

3.1.2. Soil pH

Hydrogen potential (pH) is one of the most
important properties of the soil solution
[34], it reflects the content of free acid
hydrogen ions in a soil solution generated
either by pure water (pHwn20) or potassium
chloride-rich water (pHkci).

The values of pHu20 for the upper level (0-
25 cm) vary between 6.37 and 7.67 with an
average of 7.27. However, they oscillate
between 7.02 and 8.10 with an average of
7.44 for the lower level (25-50 cm).
Accordingly, with reference to Gaucher
[43], these pH values could be qualified as
weakly acidic to alkaline.

The maximum values of pHkc reach 7.08
to 7.33, and 6.67 to 6.83 for the minimums
for the first and second level respectively.
Obviously, pHkci < pHH20, the value of the
difference indirectly reflects the biological
state of the soil; (1) a difference of 0.2 to
0.4 indicates a heavy soil with a weakness
of microbial activity. (2) a difference of
0.4 to 0.6 indicates normal microbial
activity. (3) a difference of 0.6 to 0.8
indicates an excellent structure, conducive
to a rapid organic matter transformation
[32].
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Fig. 3. Soil texture of Fetzara lake region: A - first level, B - second level

For soils of the Fetzara lake region, this
difference fluctuates from one point to
another, it varies from 0.3 to 0.8 (an
average of 0.6) for the 24 samples, which
shows that these soils are characterised by
low to normal microbial activity. Acidic or
alkaline reaction of a soil is controlled by
the preponderant presence of acidic salts,
contained particularly in the humus,
relative to basic salts outcome from
limestone; it would be neutral when acids
and bases equilibrate each other.

3.1.3. Electrical Conductivity (EC)

Measured electrical conductivities on the
saturated paste extract (soil solution) vary
between 6.52 and 24.3 mS cm? (average
of 11.54 mS cm?, n=12) for the first level
(0-25 cm), and from 8.03 to 20.2 mS cm’*

(average of 13.96 mS cm?, n=12) for the
second (25-50 cm). The highest values
exceeding 16 mS cm™ are recorded at the
stations 3, 6, 9 and 10 (Fig. 4). The
increase of the electrical conductivity
according to depth has been observed in
the majority of samples, except sample
(S10), due to the trapping of salts in the
silty parts of the upper level (Fig. 4).

Soil classification proposed by USSL [37],
enabled us to identify the distribution of
samples by class (Table 3). Since the
majority of soils in the Fetzara lake region
are affected by salinity with an evolution
of the latter depending on the depth, three
classes have been highlighted: 25% of
samples are moderately saline soils (4 <
EC < 8 mS cm?), 41.67% are saline soils
(8 < EC < 16 mS cm?) and 33.33% are
very salty soils (EC > 16 mS cm™).
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Fig. 4. Variation of soil electrical conductivity (EC)
Table 3
Soil classification as a function of electrical conductivity
EC (mScm?) Level (0 -25cm) Level (25 - 50 cm) Appreciation
EC<2 / / Soils are not salty
2<EC<4 / / Soils are slightly salty
4<EC<8 S1, S2, S4, S7, S8, S12 / Soils are moderately salty
S1, S2, S4, S5, S7, .
8<EC<I16 S5, S11 S8, 511, 512 Soils are salty
EC>16 S3, S6, S9, 10 S3, S6, S9, S10 Soils are very salty

3.1.4. Soluble Salts

Soil salinity reflects an excessive
concentration of soluble salts (saline soils),
sodium adsorbed (sodium or alkaline soils)
or alkaline-saline soils. The soluble salts
concerned are mainly Ca?*, Mg%*, K*, Na*,
Cl, SOs* and HCOs. The dynamic of
these salts in soil is related to the hydrous
and structural functioning of soils, to the

water and geochemical conditions at the
soil profile limits, to the supply of
irrigation water and the fluctuations of the
water table [44]. The main results of the
chemical analyze performed on the extract
of the saturated paste are summarized in
the table below (Table 4).
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Table 4

Chemical analyzes of soil solutions of the Fetzara lake region

Levels S((r)::,zli;rfgs Maximum Minimum Average  Standard deviation
Ca** 14.40 2.80 6.18 351
Mg?* 31.00 0.60 13.27 10.61
Na* 29.90 1.24 13.86 7.10
0-25 cm K* 3.66 0.64 1.88 0.90
Cr 240.00 40.00 105.00 67.27
SO.* 61.25 6.25 26.24 20.85
HCOs 4.00 1.20 2.13 0.72
Ca** 16.50 3.00 6.09 3.89
Mg* 34.40 1.40 14.54 10.19
Na* 24.29 2.49 16.35 6.13
25-50 cm K* 7.32 1.00 2.33 1.64
Cr 220.00 60.00 139.17 49.74
SO.* 61.98 14.50 31.09 15.96
HCOs 3.60 0.60 2.29 0.82

3.2. Chemical facies of soil solutions

The most dominant chemical facies of the
soil solutions in the Fetzara lake region
have been determined using the piper's
triangle diagram (Fig. 5), where the
following remarks have been highlighted:
On the anion’s triangle, the chlorides are
dominant, plotted samples are grouped
closely to chlorinated pole. They show
79.29% and 80.74% of the total sum of
anions respectively for the two levels (0-25
cm and 25-50 cm). The sulphates are less
important than chlorides, they exhibit
18.59% for the first level and 17.78% for
the second. However, bicarbonates have
the lowest percentage with a maximum of
4.5%.

On the cation’s triangles, sodium is the
most important ion, reaching 47.81% and

50.51% of the total sum of cations for the
first and second level respectively.
Magnesium has percentages of 31.52% and
32.70%, while calcium exhibits the lowest
percentages with 20.67% and 16.79% for
the first and second level respectively.

As a result, the soil solutions are
characterized by a dominance of the
sodium chloride facies for most soil
samples (Fig. 5), with the exception of
samples S6, S'6, S9 and S'9 where the
facies become magnesian chloride (Fig. 5-
A). This character of the soil solutions
allows to the successive precipitation of
minerals, which modifies its composition
and determines different soil evolution
pathways as a function of the relative
abundance of the different major ions in
the starting solution.
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Fig. 5. Chemical facies of soil solutions: A - first level, B - second level

3.3. Statistical study of chemical
analyzes of soil solutions

The Principal Component Analysis (PCA)
was performed on 12 variables (EC, pH,
Ca?*, Mg?*, Na*, K*, CI, HCOs, SO.?,
moisture (H%), total organic carbon (TOC)
and organic matter (OM)) from 24 samples
(individuals). Soil analysis has been
interpreted by the software (SPAD version
5.5). For statistical data processing, the
first three factorial axes (F1, F2 and F3)
reach 74.53% of the total variance: Fl=
45.89%, F2=18.01% and F3=15.14%.

- First factorial plane F1F2: The
observation of the correlation circle
formed by the two factorial axes F1 and F2
is presented in figure 6. The first axis
groups the soluble salts (Ca?*, Mg?*, Na*,
Cl, SO4# and HCO3Y) on its positive part;
those are well correlated with the electrical
conductivity (EC) while all the latter are
opposed to the pH, which represents the
soil acidity.

According to Mcgeorge [45-46], the pH
decreases with increasing concentrations of
NaCl. He speculated that the pH of the soil
increased as the salt concentration of the

soil solution was reduced, due to increased
hydrolysis of the sodium clay complex.
Salinity increases the ionic strength of the
soil solution and consequently suppresses
the activity coefficient of ions in solution.
This would increase the pH values, but
increasing ionic strength mainly decreases
the pH values because salinity decreases
the junction potential. As a result, this first
axis reflects the salinization phenomena
affecting some types of soil influenced by
water intake of salt irrigation, climate type
or specific hydrological conditions (low
leaching near the aquifer water table).

The second axis F2 (18.01% of the
variance) contrasts carbon and organic
matter with pH and potassium K*. This
could be explained by two phenomena: (1)
the dissolution of carbonates, which leads
to CO2 consumption causing the rise in pH.
This type of mechanism allows the
transient increase in pH leading to the
dissolution of organic matter [47]. (2) the
fixation of K* by certain types of fine
textured soils (clay texture, clay-silt ... etc.)
[48]. The distribution of individuals on the
plane (F1F2) allowed the discrimination of
two groups of associations (Fig. 6-B).
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The first group (G1) is characterized by
highly mineralized solutions that oppose
the second group (G2) which represents

soil solutions of less mineralized basic
character.
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Fig. 6. Principal Component Analysis of soil solutions according to plane F1F2

- Second factorial plane F1F3: (61% of the
variance) (Fig. 7), the first axis has been
discussed above, reflects the overall
concentration of soil solutions (axis of
mineralization). The third axis represents

in its positive part the soil solutions rich in
potassium and an alkaline character.
Potassium could be fixed in soils by
certain clay minerals (Fig. 7-A).
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Fig. 7. Principal Component Analysis of soil solutions according to plane F1F3
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3.4. Typology of saline soils

The variation of the exchangeable sodium
percentage (ESP) as a function of the
electrical conductivity measured on the

saturated paste extract and according to the
classification proposed by the USSL [37]
is represented graphically in the following
figure (Fig. 8).
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Fig. 8. Classification of saline soils according to USSL [37]

The majority of the soils analyzed from the
Fetzara lake region (about 87.5%), are
classified as saline soils (ESP < 15%, EC >
4 mS cm?) (Fig. 8), these soils are
characterized by a high content of salts
[14, 47, 49-51], and are generally
flocculated, which contributes to maintain
a good soil structure and a good water and
air circulation [14]. They are characterized
by an electrical conductivity of the
saturated paste extract > 4 mS cm?, pH <
85 and an exchangeable sodium
percentage < 15%.

Three samples of the lower level (25-50
cm) are part of the alkaline-saline soils
(ESP > 15%, EC > 4 mS cm™) and are
characterized by an electrical conductivity
of the saturated paste extract > 4 mS cm™
and pH > 8.5. According to Marlet and Job

[47], they contain enough soluble salts and
exchangeable sodium > 15%. This leads to
low structural stability of the soil [48, 50-
52].

4. Conclusions

Pedological studies carried out on the soils
of the Fetzara lake region have led to
identify four classes namely: poor soils,
vertisols,  hydromorphic  soils  and
halomorphic soils. Analytical results and
their interpretation by the different
methods led to the conclusion that the soils
in the Fetzara region are weakly alkaline to
acid pH (5.97 to 8.10) containing 0.4 to
3.47% of organic matter. Their average
total porosity is about 23% for the first
level (0-25 cm) and 22% for the second
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(25-50 cm), while the permeability
coefficient is less than 2 cm hr?. The
particle size analyzes show the dominance
of the silty fraction in the majority of the
samples, with an averages value of 69.34%
and 58.67% for the first and second level
respectively.

The majority of soils are classified as
saline soils (ESP < 15%, EC >4 mS cm™),
with a very variable electrical conductivity
(6.52 to 243 mS cm?), reaches its
maximum in the northeastern and
southeastern parts of Fetzara lake. The Soil
solutions are characterized by the
abundance of ions (CI, SOs*, Na" and
Mg?*) conducting to a dominance of
sodium chloride facies in the most samples
analyzed.

The principal component analysis (PCA)
indicates a strong correlation between
soluble salts (Ca?*, Mg?*, Na*, CI;, SOs*
and HCOz?) and electrical conductivity
(EC), which corresponds to the salty soils
of the south-east (Cheurfa town) and the
north-east (Wadi Zied town) of the lake.
While the ensemble is opposed to the pH,
which represents the soil's acidity, mainly
observed in the north-west (Berrahal
town). This soil salinity would be mainly
controlled by the seasonal variation of the
lake water level, the strong evaporation of
the water, particularly in summer, which
causes the precipitation of mineral salts,
and the phenomena of ion exchange
between the sorption complex and the soil
solutions.

Finally, in order to protect the soils of the
Fetzara lake region against salinization and
to minimise their degradation, a continuous
monitoring of the irrigation water quality
and an improvement of the drainage
system of the agricultural land around the
lake are recommended.

5. Acknowledgments

Thanks to the geomatics team of Geology
of the Sahara Laboratory, University Kasdi
Merbah, Ouargla, Algeria, for

collaboration. The authors appreciate the
significant contributions made by the
journal’s editors and reviewers to manage
and review this article.

6. References

[1]. FAO (Food and Agriculture Organization).
“FAO land and plant nutrition management
service”,

(2008). http://www.fao.org/ag/agl/agll/spush.

[2]. BHARTI N, YADAV D, BARNAWAL D,
MAJI D, KALRA A, “Exiguobacterium
oxidotolerans, a halotolerant plant growth
promoting rhizobacteria, improves yield and
content of secondary metabolites in Bacopa
monnieri (L.) Pennell under primary and secondary
salt stress”. World Journal of Microbiology and
Biotechnology, 29: 379-387. (2013)

[3]. BARBIERO L, VALLES V, REGEARD A,
CHEVERRY C., “Residual alkalinity as tracer to
estimate the changes induced by forage cultivation
in a non-saline irrigated sodic soil”. Agricultural
Water Management, 50: 229-241, (2001)

[4]. SMEDEMA LK, SHIATI K., “Irrigation and
salinity: a perspective review of the salinity
hazards of irrigation development in the arid
zone”. Irrigation and Drainage Systems, 16 : 161-
174, (2002)

[5]. BEN HASSINE H., “Effets de la nappe
phréatique sur la salinisation des sols de cing
périmétres irrigués en Tunisie”. Etude et Gestion
des Sols, 12 (4): 281-300, (2005)

[6]. RENGASAMY P., World Salinization with
Emphasis on Australia. Journal of Experimental
Botany, 57 (5) : 1017-1023, (2006)

[7]. DJAMAI R., “Contribution a I’étude de la
salinité des sols et des eaux du systéme endoréique
du lac Fetzara (Nord-Est algérien). Approche
géochimique et évolution spatio-temporelle des
phénoménes”. Thése de Doctorat d’état, Institut
National Agronomique d’Alger, Algérie, (2007)
[8]. KITAMURA Y, YANG SL, SHIMIZU K.,
“Secondary salinization and its countermeasures”.
In: Tsunekawa A., Liu G., Yamanaka N., Du S.
(eds) Restoration and Development of the
Degraded Loess Plateau, China". Ecological
Research Monographs. Springer, Tokyo, (2014)

[9]. MACHADO RMA, SERRALHEIRO RP.,
“Soil Salinity: effect on vegetable crop growth.
Management practices to prevent and mitigate soil
salinization”. Horticulturae, 3 (2): 1-13, (2017)
[10]. ZALIDIS G, STAMATIADIS S,
TAKAVAKOGLOU V, ESKRIDGE K,
MISOPOLINOS N., “Impacts of agricultural
practices on soil and water quality in the

Faouzi ZAHI, Abdelmalek DROUICHE, Fethi MEDJANI, Abdelmalek LEKOUI, Mohamed DJIDEL, Evaluation of
soil salinity of the Fetzara lake region (North-east Algeria), Food and Environment Safety, Volume XXI, Issue 2 — 2022,

pag. 171 - 184


http://www.fao.org/ag/agl/agll/spush

Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXI, Issue 2 — 2022

Mediterranean region and proposed assessment
methodology”.  Agriculture,  Ecosystems &
Environment, 88 (2): 137-146, (2002)

[11]. ARAGUES R., URDANOZ V, CETIN
M, KARDA C, DAGHARI H, LTIFI
W, LAHLOU M, DOUAIK A., “Soil salinity
related to physical soil characteristics and
irrigation management in four Mediterranean
irrigation districts”. Agricultural Water
Management, 98 (6): 959-966, (2011)

[12]. ABBAS A, KHAN S, HUSSAIN N,
HANJRA MA, AKBAR S., “Characterizing soil
salinity in irrigated agriculture using a remote
sensing approach”. Physics and Chemistry of the
Earth, Parts A/B/C - Journals, 55-57: 43-52, (2013)
[13]. LI P, WU J, QIAN H., “Regulation of
secondary soil salinization in semi-arid regions:
simulation research in the Nanshantaizi area along
the Silk Road, northwest China”. Environmental
Earth Sciences, 75: 698, (2016)

[14]. OUARDI J., “Dégradation des sols et de la
nappe des périmetres irrigués du Tadla marocain
par salinisation et sodisation”. Thése de Doctorat,
Université Cadi Ayyad Marrakech, Maroc, (2005)
[15]. BUNEMANN EK, BONGIORNO G, BAI Z,
CREAMER RE, DE DEYN G, GOEDE
R...BRUSSAARD L., “Soil quality - A critical
review”. Soil Biology and Biochemistry, 120: 105-
125, (2018)

[16]. NUNES FC, ALVES LJ, CARVALHO C,
GROSS E, SOARES TM, PRASAD M., “Soil as a
complex ecological system for meeting food and
nutritional security”. Climate Change and Soil
Interactions, 9 : 229-269, (2020)

[17]. FETNACI |, BEDDIAR A, HAMEL T., Le
lac Fetzara (Nord-Est Algérien): Biodiversité
floristique et menaces potentielles. Flora
Mediterranea, 29 : 227-245, (2019)

[18]. BOUMEZBEUR A., “Fiche descriptive sur
les zones humides Ramsar, Lac de Fetzara, Wilaya
de Annaba (Algérie) ”. Direction Générale des
Foréts, (2003)

[19]. JOLEAU L., “Geological survey of Bone
(Annaba)-Calle (EI Kala)”. Bulletin of the
Geological Service of Algeria, 2 (12) : 199, (1936)
[20]. DURAND J., ”Premiers résultats de I’étude
des sols du lac Fetzara”. Document Inédit ; Service
d’Etude des Sols, Alger, (1950)

[21]. DJAMAI R., “Contribution a I’étude de la
salinité des sols et des eaux du lac Fetzara
(Annaba) ”. Thése de Magister, Institut National
Agronomique, Alger, (1993)

[22]. HABES S, DJABRI L, HANI A, BOUHSINA
S, MUDRY J., “Quantification des apports et des
exores d’un lac: cas du lac Fetzara, région de
Annaba (Nord-Est Algérien)”. Synthese : Revue des
Sciences et de la Technologie, 24 : 21-28, (2012)

[23]. ZAHI F, DJAMAI R, CHAAB S, DJABRI L,
DROUICHE A, MEDJANI F., “Dynamique de la
nappe et qualités physico-chimiques des eaux
souterraines du lac Fetzara (Nord-Est Algérien) .
Synthese : Revue des Sciences et de la Technologie,
26 : 86-95, (2013)

[24]. HALIMI S, RECHACHI H, BAHROUN S,
MIZANE E, DAIFALLAH T., “Assessment of
groundwater salinity and risk of soil degradation in
Quaternary aquifer system. Example: Annaba plain,
Algeria N-E”. Journal of Water and Land
Development, 36 (3): 57-65, (2018)

[25]. COLL P., LE VELLY R, LE CADRE E,
VILLENAVE C., “La qualité des sols : associer
perceptions et analyses des scientifiques et des
viticulteurs”. Etude et Gestion des Sols, 19 (2):
79-89, (2012)

[26]. RAHOUI M, SOUDI B, BADRAOUI M,
MARCOEN JM, BENZAKOUR M., “Situation
actuelle de la qualité des sols et des eaux dans le
périmetre irrigué des Doukkala”. Séminaire
‘Intensification agricole et qualité des sols et des
eaux’, Rabat, 13-24, (2000)

[27]. IMADI SR, SHAH SW, KAZI AG, AZO0OZ
MM, AHMAD P., “Phytoremediation of saline
soils for sustainable agricultural productivity”.
Plant Metal Interaction, 18: 455-468, (2016)

[28]. ZAHI F., “Contribution to hydrochemical
study of the Fetzara lake sub-watershed (North-
East Algeria). Geochemical approach and
functioning of soils and waters”. PhD thesis, Badji
Mokhtar University, Annaba, (2014)

[29]. MELLOUK K, AROUA N., “The Fetzara
lake, a fragile wetland threatened by the urban
growth of Annaba city (Western Algeria)”.
Journal of Mediterranean Geography, 125: 133-
140, (2015)

[30) HAMMOR D, LANCELOT J,
“Métamorphisme miocene de granites panafricains
dans le massif de 1’Edough (Nord-est de
1I’Algérie)”. Comptes Rendus de I'Académie des
Sciences, 327: 391-396, (1998)

[31]. LAOUAR R, BOYCE AJ, AHMED-SAID
Y, OUABADI A, FALLICK AE, TOUBAL A.,
“Stable isotope study of the igneous, metamorphic
and mineralized rocks of the Edough complex,
Annaba, North-East Algeria”. Journal of African
Earth Sciences, 35 (2) : 271-283, (2002)

[32]. MATHIEU C, PIELTAIN F., “Analyse
chimique des sols : méthodes choisies”. Tec &
doc, 387, (2003)

[33]. GOBAT JM, GROSVERNIER PH,
MATTHEY Y, BUTTLER A. “Un ftriangle
granulométrique pour les tourbes : analyse semi-
automatique et représentation graphique”. Science
du Sol, 29 (1) : 23-35, (1991)

Faouzi ZAHI, Abdelmalek DROUICHE, Fethi MEDJANI, Abdelmalek LEKOUI, Mohamed DJIDEL, Evaluation of
soil salinity of the Fetzara lake region (North-east Algeria), Food and Environment Safety, Volume XXI, Issue 2 — 2022,

pag. 171 - 184


https://econpapers.repec.org/article/eeeagiwat/v_3a98_3ay_3a2011_3ai_3a6_3ap_3a959-966.htm
https://econpapers.repec.org/article/eeeagiwat/v_3a98_3ay_3a2011_3ai_3a6_3ap_3a959-966.htm
https://econpapers.repec.org/article/eeeagiwat/v_3a98_3ay_3a2011_3ai_3a6_3ap_3a959-966.htm
https://econpapers.repec.org/article/eeeagiwat/v_3a98_3ay_3a2011_3ai_3a6_3ap_3a959-966.htm
https://www.sciencedirect.com/science/article/pii/S0038071718300294#!
https://www.sciencedirect.com/science/article/pii/S0038071718300294#!
https://www.sciencedirect.com/science/article/pii/S0038071718300294#!
https://www.sciencedirect.com/science/article/pii/S0038071718300294#!
https://www.sciencedirect.com/science/article/pii/S0038071718300294#!
https://www.sciencedirect.com/author/7004011331/ron-g-m-de-goede
https://www.sciencedirect.com/author/7004011331/ron-g-m-de-goede
https://www.sciencedirect.com/science/article/pii/S0038071718300294#!
https://www.sciencedirect.com/science/journal/00380717
https://www.sciencedirect.com/science/journal/00380717/120/supp/C
https://www.sciencedirect.com/science/article/pii/B9780128180327000096#!
https://www.sciencedirect.com/science/article/pii/B9780128180327000096#!
https://www.sciencedirect.com/science/article/pii/B9780128180327000096#!
https://www.sciencedirect.com/science/article/pii/B9780128180327000096#!
https://www.sciencedirect.com/science/article/pii/B9780128180327000096#!
https://www.sciencedirect.com/science/article/pii/B9780128180327000096#!
https://www.sciencedirect.com/science/book/9780128180327
https://www.sciencedirect.com/science/book/9780128180327
https://www.sciencedirect.com/science/book/9780128031582
https://www.google.dz/search?hl=fr&tbo=p&tbm=bks&q=inauthor:%22Cl%C3%A9ment+Mathieu%22
https://www.google.dz/search?hl=fr&tbo=p&tbm=bks&q=inauthor:%22Fran%C3%A7oise+Pieltain%22

Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXI, Issue 2 — 2022

[34]. PEPPER IL, BRUSSEAU ML., “Physical-
Chemical Characteristics of Soils and the
Subsurface”. Environmental and Pollution Science
(3 Edition), 2: 9-22, (2019)

[35]. ANGST G, POKORNY J, MUELLER CW,
PRATER I, PREUSSER S, KANDELER
E...ANGST S., “Soil texture affects the coupling
of litter decomposition and soil organic matter
formation”. Soil Biology and Biochemistry,
159:108302, (2021)

[36]. SSDS (Soil Survey Division Staff). “Soil
survey manual. United States Department of

Agriculture”.  Agriculture Handbook, 18: 603,
(1993)
[37]. USSL (U. S. Salinity Laboratory).

“Diagnosis and improvement of saline and alkali
soils”. USDA. Handbook, 60, Washington, 160,
(1954)

[38]. CHEVERRY C., “Exemple d’application
des travaux de 1’US Salinity Laboratory (1963-
1968) sur I’alcalinisation de sols soumis a 1’action
d’eaux bicarbonatées”. Cahier ORSTOM, Série
Pédologique, 10 (2) : 193-203, (1972)

[39]. SAIDI D, LE BISSONNAIS Y, DUVAL O,
DAOUD Y, TESSIER D., “Estimation et
signification de la capacité d’échange cationique
des sols salés du Cheliff (Algérie) . Etude et
Gestion des Sols, 15 (4) :241-253, (2008)

[40]. SEILSEPOUR M, RASHIDI M, KHABBAZ
BG., “Prediction of Soil Exchangeable Sodium
Percentage Based on Soil Sodium Adsorption
Ratio”. American-Eurasian Journal of
Agricultural & Environmental Sciences, 5 (1): 1-4,
(2009)

[41]. MAROHN C, DISTELL A, DERCON G,
WAHYUNTO TR, NOORDWIK MV,
CADISCH G., “Impacts of soil and groundwater
salinization on tree crop performance in post-
tsunami Aceh Barat, Indonesia”. Natural Hazards
and Earth System Sciences, 12: 2879-2891, (2012)
[42]. DUCHAUFOUR P, FAIVRE P,
POULENARD J, GURY M., “Introduction to soil
science”. 7™ edition, Dunod, Paris, France, (2018)

[43]. GAUCHER G., “Traite de pédologie
agricole, le sol et ses caractéristiques
agronomiques”, Paris, Dunod, (1968)

[44]. DOUAOUI A, GASCUEL-ODOUX C,
WALTER C., “Infiltrabilité et érodibilité de sols
salinisés de la plaine du Bas Chéliff (Algérie) .
Etude et Gestion des Sols, 4 (11): 379-392, (2004)
[45]. Mcgeorge, W.T. “The measurement and
significance of hydroxyl-ion concentrations in
alkaline-calcareous soils”. Arizona Agricultural
Experimental Station Technical Bulletin, 57: 239-
271, (1935)

[46]. MCGEORGE WT., “Factor contributing to
the reaction of soils and their pH measurement”.
Arizona  Agricultural  Experimental  Station
Technical Bulletin, 78: 95-126, (1938)

[47]. MARLET S, JOB JO., “Processus et gestion
de la salinité des sols. In : Tiercelin J.R. Traité
d’irrigation”,  2°™  édition.  Technique &
Documentation, Lavoisier, (2006)

[48]. ASSA AD., “Phénomene de sélectivité
d'échange cationique dans certains minéraux
argileux : 2. Les sites d'adsorption du potassium”.
Cahiers ORSTOM. Série Pédologie, 14 (4) : 279-
286, (1976)

[49]. AUBERT G., “Observations sur les
caractéristiques, la  dénomination et la
classification des sols salés ou salsodique”. Cahier
ORSTOM, Série Pédologie, 20 (1) : 73-78, (1983)
[50]. SPARKS DL., “The chemistry of saline and
sodic soils”. Environmental Soil Chemistry (2%
Edition), 10: 285-300, (2003)

[51]. YAN N, MARSCHNER P, CAO W, ZUO
C, QIN W., “Influence of salinity and water
content on soil microorganisms”. International
Soil and Water Conservation Research, 3 (4): 316-
323, (2015)

[52]. VANCE WH, MCKENZIE BM, TISDALL
JM., “The stability of soils used for cropping in
northern Victoria and southern New South Wales™.
Australian Journal of Soil Research, 40 (4): 615-
624, (2002)

Faouzi ZAHI, Abdelmalek DROUICHE, Fethi MEDJANI, Abdelmalek LEKOUI, Mohamed DJIDEL, Evaluation of
soil salinity of the Fetzara lake region (North-east Algeria), Food and Environment Safety, Volume XXI, Issue 2 — 2022,

pag. 171 - 184

184


https://www.sciencedirect.com/science/article/pii/B9780128147191000021#!
https://www.sciencedirect.com/science/article/pii/B9780128147191000021#!
file:///C:/Users/KADIR/AppData/Roaming/Microsoft/Word/Environmental%20and%20Pollution%20Science%20(3rd%20Edition)
file:///C:/Users/KADIR/AppData/Roaming/Microsoft/Word/Environmental%20and%20Pollution%20Science%20(3rd%20Edition)
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071721001759?dgcid=rss_sd_all#!
https://www.sciencedirect.com/science/journal/00380717
https://www.sciencedirect.com/science/journal/00380717/159/supp/C
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/nedc/training/soil/?cid=nrcs142p2_054262
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/nedc/training/soil/?cid=nrcs142p2_054262
https://www.sciencedirect.com/science/article/pii/B9780126564464500104#!
https://www.sciencedirect.com/science/book/9780126564464
https://www.sciencedirect.com/science/book/9780126564464
https://www.sciencedirect.com/science/article/pii/S209563391530112X#!
https://www.sciencedirect.com/science/article/pii/S209563391530112X#!
https://www.sciencedirect.com/science/article/pii/S209563391530112X#!
https://www.sciencedirect.com/science/article/pii/S209563391530112X#!
https://www.sciencedirect.com/science/article/pii/S209563391530112X#!
https://www.sciencedirect.com/science/article/pii/S209563391530112X#!
https://www.sciencedirect.com/science/journal/20956339
https://www.sciencedirect.com/science/journal/20956339
https://www.sciencedirect.com/science/journal/20956339/3/4

	1. Introduction

