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ABSTRACT

Soil salinity is the first real threat of soil degradation in drylands. This degradation will affect agricultural
yields and thus accelerate the phenomenon of desertification. This study consisted mainly in knowing the
movement of salts after two periods in an irrigated agricultural palm tree oasis influenced by an arid
climate. The objective of this study was to quantify and model seasonal changes and try to understand the
movement of salts in the soil profile to establish a sustainable management of the agro systems. Physico-
chemical properties were analysed to determine the quality of the irrigation water showing that this is
admissible. A systematic soil sampling was applied to collect 45 samples covering the entire study area at
two depths A1 (0-30cm) and A2 (30-60cm) in May (M) and November (N). Ordinary Kriging geostatistical
method was used to obtain maps of soil salinity and the variation between depths:  (M1-M2),  (N1-N2),
and as a function of time:  (M1-N1),  (M2-N2). The efficiency of these models was evaluated by calculating
the mean error ME and the root mean square error RMSE for all the maps. There was a movement of salts
facilitated by the sandy texture of the soils. A tendency of salt accumulation on the surface due to the
scarcity of vegetation cover and a high evaporation rate was noticed. An accumulation in depth (A2) was
observed in the middle of the study area due to the density of the planted palm trees which ensures a good
soil cover, limiting evaporation and favouring the salt leaching process. This research can provide a tool to
implement an adequate crop management program in this or similar areas, considering the need of a good
palmtree cover of the soil to minimize salt accumulation in the soil surface, creating a microclimate inside
the oasis.
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Introduction

Soil salinity is increasingly becoming a real threat of

land degradation especially in drylands (Scudiero et
al., 2016). It is considered a global environmental
problem that affects the sustainability of agricultural
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land use and reduces productivity (Pitman and
Läuchli, 2002), leading increasingly to desertification
(Yakup et al., 2017; Jiang et al., 2017). About 20% of
the irrigated land in the world is affected by salts
(Metternicht, 2003), and the salt-affected areas are
increasing at a rate of 10% per year (Shrivastava and
Kumer, 2015). In arid regions with low rainfall and
extremely high evaporation rates, linked to poor
water resource management, result in frequent irri-
gation and under insufficient internal drainage sys-
tem to drain the salts brought by irrigation water,
soluble salts accumulate and promoting salinization
processes that can affect the agricultural yield. This
may lead to a threat to crop growth (Bailey et al.,
2019), also imposing ionic toxicity, osmotic fragility
and oxidative stress (Shrivastava and Kumer, 2015).
Moreover, an irretrievable loss of oasis agricultural
systems by reducing soil quality, which limits re-
gional economies and their sustainable development
(Yao et al., 2015).

The prevention and treatment of problems re-
lated to soil salinization have become the focus of
research, particularly in arid areas where the agri-
cultural system is the main source of food (Benslama
et al., 2020; Abdennour et al., 2019; Semar et al.,
2019). As an integral part of understanding their dis-
tribution and exploring these mechanisms, several
studies have also been carried out to monitor the
dynamics of soil salinization, vertical and horizontal
variations (Liu et al., 2020). These studies aid to plan
an appropriate rehabilitation strategy, which can be
an essential solution to protect the environment and
reduce negative impact, ensure stability and guaran-
tee agricultural yields, especially in arid areas (Yang
et al., 2020) and, additionally, to protect the environ-
ment and reduce economic losses in terms of agri-
culture (Abuelgasim and Ammad, 2019).

In Algeria, several studies have been carried out
to monitor and understand soil salinity processes.
Thus, Abdenour, et al. (2020) proposed a model for
estimating soil salinity in the El Ghous South region
of Algeria, irrigated by saline groundwater. Boudibi,
et al. (2019) warned about the high risk of saliniza-
tion in the Biskra region due to groundwater salin-
ity detected by GIS and geostatistical approaches.
Berkal, et al. (2014) tested the ability of EM 38 con-
ductivity surveys to describe spatiotemporal
changes in soil salinity at different depths in an irri-
gated palm grove in the Ouargla region.

The arid climate of southern Algeria coupled

with the scarcity of water sources prevent farmers
from returning to the technique of pumping ground-
water (Kuper et al., 2016). On the one hand, it allows
excessive amounts of irrigation water to be applied
to meet the needs of crops, and on the other hand,
the soil has a sandy texture which causes the water
table to rise to the soil surface, affecting the root
zone of agricultural fields (Askri et al., 2010). These
high salt concentrations in irrigation water can lead
to increased salt presence in the root zone and accu-
mulation in the soil profile, resulting in reduced
growth and production of agricultural crops
(Grattan and Oster, 2003). The electrical conductiv-
ity (EC) measures the presence of salts in water and
is directly proportional to the concentration of salts
in solution (Palacios and Aceves, 1970).

Soil electrical conductivity has been used as an
indicator of soil salinity (Mcctcheon et al., 2006), ex-
cess salinity reduces osmotic activity and interferes
with the adsorption of water and nutrients from the
soil by the plant, so the higher the EC, the less water
available to plants (Nag and Ghosh, 2013). Among
the several methods used to determine the EC, the
soil to water ratio (1:5) has the advantage of simplic-
ity, time and reduced cost compared to saturation
paste extracts (Franzen, 2007).

Researchers are increasingly interested in
geostatistical and mapping techniques that estimate
values at non-sampled locations to process and in-
terpolate maps of spatio-temporal soil salinization
data (Jordan et al., 2004; Wang et al., 2018). Ordinary
Kriging (OK) is one of the most widely used Kriging
methods (Meul and Van Meirvenne, 2003) which
plays a major role in the efficient prediction of the
soil property variable on spatial distribution and
interpolation of the soil property maps (Sumfleth
and Dutmann, 2008). These arguments are used by
the majority of researchers who have used OK to
prevent and study soil salinity (Juan et al., 2011).

To ensure effective management that maintains
sustainable farming practices, it is essential to regu-
larly monitor soil salinity through seasonal soil sur-
veys to better understand its risk. This can be
achieved by mapping the electrical conductivity
(EC) of the soil (Richards, 1954). It is in this context
that our research objective aims to (1) identify and
estimate the salt movement along the soil profile
and detect which areas having salinity problems
and (2) provide suggestions for a better manage-
ment of the palm tree cropping system.
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Materials and Methods

Study area

The experiment was conducted in a palm grove in
southern Algeria, in the municipality of Zelfana,
Wilaya of Ghardaïa (32°24’5.80'’ - 32°24’31.79'’
North Latitude; 4°14’37.40'’- 4°14’41.70'’ East Longi-
tude) (Fig. 1). The experimental zone covers an area
of 42 ha characterised by a hyper-arid climate with
annual rainfall of less than <150 mm while annual

potential evaporation exceeds > 2000 mm; the re-
gion is marked by wide temperature variations with
an annual average of around 25 °C, the highest tem-
perature being 42 °C observed in July while the low-
est temperature is recorded during January with 6.8
°C (ONM, 2017). Relative humidity is very low; it
reaches a maximum of 55.80% on January and a
minimum on July of 21.60%, with an annual average
of 38.33% (Cherier et al., 2018). The terrain altitude is
higher in the NW than to the SE, with a soft slope

Fig. 1. Location of the study Area of Zelfana (Algeria) and the position of soil samples in the orchards (open source: Esri
Digital Golbe, Geo Eye, Earthstar Geographics, CNES/Airbus DS, USDA. USGS, AeroGRID, IGN, and the GIS
User Community, and authors ellaboration).
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from NW to SE in direction to the non-permanent
stream situated in the south. Elevation varies from
360 to 350 m, with the presence of a temporal natu-
ral drainage network at the east of the study area
that drains, in natural conditions, water from intense
and non-regular rainfall.

According to the World Reference Base for Soil
Resource (WRB, 2015), most of the soils in the study
area have a sandy texture or dominate fine and very
fine particles (Table 1), forming on unconsolidated
sand deposits, classified as Arenosols. At present,
the agricultural soils in our study area can be classi-
fied as Anthrosols (WRB, 2015), despite the impacts
of intensive cultivation over a long period of time
(over 75 years) and the annual addition of organic
amendments (animal manure before cropping pe-
riod) in the topsoil.

Soil sampling and analysis

Soil sampling were done in the first two weeks of
May (before the summer dry period) and November
(after an extremely dry period) in 2018. Systematic
sampling was applied and the spatial data was cre-
ated by using a Geographic Information System
(GIS), to cover the entire study area; this sampling
design locates 45 points, one point per plot. At each
point, two samples of soil were taken at two depths
(A1:0-30cm) and (A2:30-60cm), transferred to the
laboratory, dried at room temperature and sieved
on a 2mm sieve (fine earth). Just fifteen soil samples
were randomly selected to determine soil texture by
using the Bouyoucos method (Bouyoucos, 1962). As
it is very difficult to use a saturated paste to deter-
mine electrical conductivity with sandy-textured
soils (He et al., 2015), we adopted the 1:5 aqueous
extraction ratio method following the procedure
described by the United States Salinity Laboratory
(Richards, 1954) for all the samples collected (180
samples). This method allows maximum extraction
of salts regardless of soil texture, as opposed to satu-
rated pasty extracts (Semar et al., 2019).

Water sampling and analysis

Irrigation and drainage waters were analysed. Four
samples were taken at the irrigation water source
located in the northwest and four at the drainage
water outlet located in the southeast (end of drain-
age network). The samples were taken during the
dry season (irrigation period) and stored directly at
a temperature below 4 °C to determine pH, electri-
cal conductivity, salinity and the major cations

(Na+, K+, Ca2+ and Mg2+). Na+ and K+ were mea-
sured by using a flame photometer; Ca2+ and Mg2+
were analysed by using the EDTA complexometric
titration method (Hussain et al., 2010).

Statistical analysis

A standard statistical analysis was performed in-
cluding the mean, minimum (min) and maximum
(max) values, median, variance, standard deviation
(Stdev), coefficient of variation (CV%), flattening
and skewness of each parameter. For this prelimi-
nary analysis, the normality of the data was evalu-
ated before using geostatistics to obtain the predic-
tion maps. The normality of each dataset was fur-
ther verified by testing (QQ plot) to ensure a normal
distribution.

Mapping by using Ordinary Kriging

Ordinary Kriging (OK) is the most widely used
method (Lefohn et al., 2011) for estimating the val-
ues of a target variable in non-sampled locations
Zˆ(x0), using data in the neighbourhood Z(xi) -i = 1,
2 ... n- (Wackernagel, 1994), as follows:

z* (x0)  =  n
i=1 i z(xi) .. (1)

i returns the weight attributed to the i observa-
tion. According to (Webster and Olivier, 2007),
weights are assigned to each sample so that the vari-
ance of the estimate is minimized and estimates are
unbiased. This method is compatible with a tool to
quantify the spatial correlation and similarity of the
measured data, by measuring the variability be-
tween the point Z (xi) and its neighbours Z (xi + h)
at a given distance h.

 ..(2)

Where Z(xi) is the measured value of the soil
property at point xi, v (h) is the semivariogram for a
shift distance h between observations Z(xi) and
Z(xi+h), and N(h) is the number of data pairs sepa-
rated by a shift distance equal to h (Wang and Shao,
2013).

To select the most appropriate model to predict
soil salinity, geostatistical procedures were evalu-
ated using cross-validation indicators and addi-
tional parameters such as (nugget, sill and range).
These statistical parameters indicate whether the
model was reasonable for the production of soil sa-
linity maps.

In our study, two main indices were calculated:
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- Mean error:

.. (3)

- Root mean square error:

.. (4)

Where Z(xi) is the observed value at place i, Z*(xi)
is the expected value at place i, and n is the sample
size. The squaring of the difference at any point
gives an indication of the magnitude of the differ-
ences, so that an RMSE value close to zero illustrates
the accuracy of the model prediction. It is assumed
that if the variogram model is correct, the ME
should be close to zero (Fourati et al., 2017).

According to Cambardella, et al. (1994), the ratio
of nugget/sill can be used as an indicator of spatial
dependence (Table 1).

Table 1. Indicator table of spatial dependency.

Ratio nugget/sill  25% 25% - 75%  75%

Spatial dependence Strongly Moderately Low

The point weights for OK are calculated by fitting a
theoretical model to the empirical variogram, con-
sidering the model with the smallest error by least
squares criterion as to be the best one (Boubehziz et
al., 2020). Before applying the OK model, several
models were tested in order to choose the best fit
(exponential, linear, Gaussian, etc.). The spherical
model gave the lowest estimation error and was
chosen as the best.

The lowest estimation errors were found in the
spherical model which was then chosen:

Spherical model =

    .. (5)

All data processing and analysis was carried out
using ArcGis 10.2 © software and statistical process-
ing with Microsoft Excel ©.

Results and Discussion

Water irrigation quality

Soil salinity tends to increase proportionally with
the concentration of salts in the irrigation water. The
concentration of salts in the soil can be two to six
times the electrical conductivity of the irrigation
water (Pérez-Sirvent et al., 2003). After the physico-
chemical characterization of the irrigation water
used in the Zelfana oases (W. Ghardaïa, Algeria) as
well as the drainage water are in (Table 2). The pH
values were neutral to slightly alkaline for both
types of water. On the other hand, the EC varies
considerably between the irrigation and drainage
water, increasing the EC value in drainage water by
three times. This increment can be related to the en-
richment of this water with soil electrolytes by leach-
ing. The difference between the maximum and the
minimum suggests the existence of heterogeneity in
soil salinity, main source of the salts in the drainage
water.

The content of Na+, Ca2+ and Mg2+ increased in
the drainage water in the same proportion as the
electrical conductivity, which may prove that the
soil has a large reserve of these elements, which are
responsible for salinity. However, considering the
anions, the chloride increases by two and a half
time. On the other hand, nitrates and sulphates re-
main almost stable.

Table 2. Descriptive statistics of water analysis.

Parameter Irrigation Drainage
Mean Max Min SD CV% Median Mean Max Min SD CV% Median

pH 7.6 7.9 7.3 0.31 4.1 7.6 7.6 7.8 7.5 0.1 1.7 7.6
EC (S/cm) 1897 2150 1320 389 20.5 2058 5921 6680 5258 588.1 9.9 5872
Salinity (mg/l) 911 1191 980 305 33.4 971 3410 3600 3020 263.8 7.7 3510
Na+ (meq/l) 6.1 6.5 5.67 0.4 6.1 6.2 17.4 18.1 16.3 0.8 4.5 17.6
Ca2+ (meq/l) 9.1 12.5 6.41 2.7 29.4 8.8 34.6 41.0 30.1 4.8 13.8 33.8
Mg2+ (meq/l) 5.6 7.5 4.6 1.3 22.5 5.2 16.6 24.5 10,0 6.6 39.9 15.9
K+ (meq/l) 0.4 0.4 0.4 0.1 6.0 0.4 0.9 1.0 0.7 0.1 9.9 0.8
Cl- (meq/l) 10.4 12.9 8.6 1.8 17.2 10.1 25.3 31.4 18.6 6.1 24.3 25.7
NO3

- (meq/l) 0.4 0.5 0.2 0.1 30.7 0.4 0.9 1.4 0.3 0.4 49.2 0.9
SO4

2- (meq/l) 2.9 3.0 1.9 0.5 18.6 2.5 3.1 4.1 2.1 0.8 26.2 3.1
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The analysis of the irrigation water of the Zelfana
palm grove, coming from the Albian water table,
shows that it is admissible for palm tree orchards
(Larnaude, 1949).

Soil texture

Soil samples from each soil layer (A1 and A2) were
analysed to determine the texture and results are
shown in (Table 3) (percentages of clay, silt and
sand).

The percentage of sand is the highest in both lay-
ers and varies from 51.6 to 71.5 in A1 and from 47.7
to 71.5 in A2 (Table 3). According to the World Ref-
erence Base for Soil Resource (WRB, 2015), most of
the soils in the study area have a sandy loam, sandy
clay loam texture or dominate fine and very fine
particles, coming from unconsolidated sand depos-
its. In general, the topsoil has more sand proportion
than the subsoil.

Soil salinity

The results of the soil EC is shown in Table 4. The
EC ranged from 0.1-7.3 dS/m with a coefficient of
variation of 1.3 (A1) and 0.3-5.2 ds/m (A2) in the
first period. In the second one, these values vary
from 0.2 to 9.9 and 0.2-6.3 ds/m for both depths.

Soil salinity dynamic, salt movement between
profiles and along the time, presented differences
considering two factors: depth and period.

Taking into consideration only the depth, the
negative values reveal salt accumulation at depth
and the positive values an accumulation at the sur-
face (topsoil). On the other hand, depending on the
period, the negative and positive values indicate the
differences of the salt accumulation in the same soil
layer.

The QQ plot test showed that the values of the
soil salinity conform to a normal distribution during

both periods and also for both depths, indicating
that the data are suitable for the proposed
geostatistical analysis.

Table 3. Statistical values of the soil physical properties.

A1: 0-30 cm A2: 30-60 cm
Clay % Silt % Sand % Clay % Silt % Sand %

Mean 10.3 23.6 66.0 26.5 19.3 54.2
Max 18.6 33.7 71.5 58.5 27.6 71.5
Min 4.6 13.7 51.6 10.6 10.7 47.7
SD 4.9 5.7 5.2 10.6 4.4 11.8
CV% 47.6 24.1 7.9 40.1 22.7 9.7
Skewness 0.2 0.1 -1.6 1.9 -0.1 -2.1
Kurtosis -1.2 -0.5 3.1 6.0 0.5 6.9
median 10.5 23.8 67.5 24.7 19.5 55.6

Table 4. Descriptive statistics of the electrical conductiv-
ity (dS/m) of the soil.

May November
A1 A2 A1 A2

Mean 1.9 1.5 2.4 1.6
Max 7.3 5.2 9.9 6.3
Min 0.1 0.3 0.2 0.2
SD 2.0 1.2 3.0 1.6
CV(%) 1.3 0.7 1.3 1.0
Skewness 1.2 0.9 1.4 1.3
Kurtosis 0.5 0.4 0.8 0.9
Median 0.8 1.2 0.6 0.6

Table 5 shows the best theoretical (spherical)
model fitted for both seasons and both soil depths.
The maps of the spatial distribution of salinity dy-
namics were obtained by interpolating the values of
the difference between the layers of electrical con-
ductivity according to Ordinary Kriging. These elec-
trical conductivity data were fitted using the spheri-
cal model and fitting parameters.

Soil salinity showed strong spatial variability at
both depths during each sampling period. The
spherical model and adjustment elements provided
the best root mean square error (RMSE), close to 1
and the mean error (ME), close to 0.

During the period-dependent salt dynamic, the
ME values were 0.02 and 0.02, the RMSE values
were 1.43 and 2.36 for the maps representing (M1-
M2) and (N1-N2) respectively. During this period,
the ME values were 0.065 and 0.005, the RMSE val-
ues were 3.65 and 1.764 for the maps of (M1-N1)
and (M2-N2) respectively as shown in (Table 5).
This shows that the spherical model adequately de-
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scribes the spatial pattern of salt movements and
that the thematic maps estimated by interpolation of
the Ordinary Kriging of soil salinity were reliable
and acceptable for their horizontal and vertical
tracking. The spatial dependence “from nugget to
ground” for soil salinity was in the class (<25%),
which corresponds to a high spatial dependence as
shown in Table 5. In addition, the range of the se-
lected model is 33.230 m. The complete analysis re-
flected that the use of this spatial interpolation
method for the prediction of the vertical and hori-
zontal distribution of soil salinity is consistent.

In order to a better management of soil salinity on
a seasonal basis, it is essential to understand the
migration processes of soil salinity, the horizontal
and vertical directions. The electrical conductivity
values obtained were then used to characterize and
quantify the vertical distribution of soil salinity Fig-
ure 2 showing the distribution of salt in the soil pro-
file.

The differences of soil salinity during both sea-
sons allowed the establishment of a series of the-
matic maps between the surface layers (A1:0-30 cm)
and the subsoil layers (A2:30-60 cm) as well as its
displacement in the same soil profile during both
periods (Fig. 2).

The difference between the layers (graphs “a”
and “b”, Fig. 2) gives us important information on
the movement of salts. Positive values indicate the
accumulation of salts in the surface, while negative
values give information on the migration of salts to
the sub-surface. The movement of salts along the
soil profile, during the first period (May), reveals a
predominant surface accumulation observed in the
S and W of the study area, while in the sub-surface
layers a tendency towards accumulation was re-
corded in the NE. On the other hand, during the sec-
ond period (November) the majority of the salts

moved towards the surface, after the irrigation pe-
riod (Fig. 2).

According to the maps of salinity dynamics be-
tween periods considering the same soil layer
(graphs “c” and “d”, Figure 2), an accumulation of
salts on the surface was obtained at the SE and NW
of the study area, while in the centre a strong accu-
mulation trend is noted at depth (A2).

This situation, in general, reflects non-adequate
agricultural management of the oasis and higher salt
accumulation in the topsoil comparing to the sub-
soil. However, after the cultivation period, the pre-
dominant movement of salts was vertical, down the
soil profile, with more salt accumulation in the sub-
soil as an effect of the irrigation along the summer
time. In addition, a tendency for salt accumulation
has been observed in the S and W and follows the
natural course of drainage and terrain slope.

The distribution of soil salinity in the profile is
characterised by an overall accumulation in the
lower part after the cultivation period and the salts
migrate from the soil surface to depth.

The vegetation cover can act through evapotrans-
piration, and partially control the movement of salts
to the surface creating a small differences in salt dis-
placement. A proxy to the vegetation cover is given
in (Fig. 3) by using greenish on a visible image,
showing the situation of the palm grove vegetation
cover in November 2018.

A higher planting density was observed in the
middle of the palm grove and in some other areas
that can explain, in part, the differential salt accu-
mulation in the surface due the reduction of soil
evaporation under the vegetation cover.

In the natural hot desert, the absence of vegeta-
tion cover favours the accumulation of salt in the
surface layer and decreases progressively with
depth due to upwelling capillarity. In some areas,

Table 5. Semivariogram parameters and forecast errors of Profile (M1-M2), (N1-N2); Period (M1-N1), (M2-N2).
RMSE: Root mean squared error. ME: Mean error

Profile Period
(M1-M2) (N1-N2) (M1-N1) (M2-N2)

Best-Fit Model Spherical Spherical Spherical Spherical

Nugget (C0) 0.04 1.01 0.62 0.68
Sill (C0+C) 2.43 4.88 9.69 2.82
Range (m) 287.51 120.01 85.01 155.03
Ratio % 1.73 20.69 6.39 24.11
ME 0.02 0.02 0.065 0.005
RMSE 1.43 2.36 3.65 1.764
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Fig. 2. Maps of soil salinity differences ( ) by using OK: In the same profile: May (a) (M1-M2), November (b) (N1-
N2); In the same depth but in the two periods May-November: (c) (M1-N1), (d) (M2-N2).

plant growth is inhibited by excessive surface salin-
ity and the formation of salt crust. In arid regions
rainfall is scarce, and the exploitation of agricultural
land depends mainly on irrigation water, which is
often loaded with salt. Several environmental and
anthropogenic factors are involved in the movement
of salt in soil and are therefore responsible for soil
salinization. In these irrigated areas, seasonal varia-
tions in soil salinity, as well as its horizontal and
vertical variations, are complicated processes due to
water application patterns and high evaporation, as
well as human activities (Liu et al., 2020).

The climate of Ghardaïa (Algerian Sahara) is
characterised by very low rainfall, particularly in
autumn and winter, linked to extreme evapotranspi-
ration with frequent droughts. Agricultural land
depends mainly on groundwater for irrigation. This
water is used without the necessary salt removal
measures on the one hand and by unsuitable irriga-
tion techniques such as flood irrigation (this type of
irrigation is used in our study area) on the other
hand. All of these practices result in secondary salin-
ization. According to (Fig. 3), a high vegetation
cover was observed in the middle of the study area,
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this density of vegetation limits the rate of evapora-
tion and favours the process of salt leaching, which
explains the accumulation of salt at depth (Fig. 2),
while at the edges of the oasis and especially in the
south of the study area the vegetation is less dense,
so evaporation is intense, which explains the ten-
dency to salt accumulation on the surface (Fig. 3).
This area is characterised by the predominance of
sandy soils, which facilitates the movement of salt
along the profile, during the processes of infiltration
and evaporation and multiplies the risk of salinity,
especially in the root zones, and affects agricultural
yields (Li et al., 2014). Other studies confirm that in
irrigated agricultural areas, hydrological process
and climatic conditions are the main factors influ-
encing the distribution and movement (horizontal
and vertical) of salts in soil solution (Wu et al., 2019;
Jiang et al., 2019).

In the palm grove of Zelfana (Ghardaïa), a typical
irrigation of the oasis farmland is practiced with its
advantages and disadvantages but, in order to im-
prove crop yields and ensure good management of
water resources, monitoring systems are needed to
ensure their sustainable development. It is essential
to define the needs of the crops, and to ensure the
proper functioning of the drainage system to elimi-
nate excess salt out of the palm grove. The use of
adequate drainage systems can prevent capillarity
rise and salinization (Navarro-Pedreño et al., 1993).

Other soil-related work, such as manure application
and the practice of reasoned fertilization (Casado-
Vela et al., 2006; Juan et al., 2011), can be an effective
way to reduce the degree of salinization of soils.

Conclusion

Our research aims to monitor the seasonal displace-
ment of salts in the soil in the Zelfana oasis by using
the geostatistics, in order to determine the main fac-
tors influencing salt migration in irrigated agricul-
tural orchards in a hyper dry climate.

The vertical distribution of salts is attributed to a
capillary upwelling of the soil solution and then to
the evaporation of water caused by high tempera-
ture, especially notorious close to the edges where
the vegetation is less dense. On the other hand, the
tendency of accumulation at depth explained by the
leaching process and the movement of salts in the
profile is associated to the sandy texture and the
flood irrigation system.

The seasonal spatial distribution of soil salinity
showed clear differences in the movement of the
salts, which explains the existence of several factors
that affect this distribution: topography and poor
management of irrigation and drainage networks,
especially uncontrolled irrigation practices such as
flood irrigation, direction of water flow and lack of
maintenance of the drainage network (field observa-
tion), among others. The influence of topography on
the distribution of salinity is manifested by the accu-
mulation of salts in low areas (for both periods, May
and November), areas of stagnation of irrigation
water and poorly drained areas, insufficient perco-
lation and flow. The results obtained and the practi-
cal values of the mapping can be a tool to help deci-
sion-makers or land managers to understand the soil
salinity problem and to implement a sustainable
development and management plan to ensure the
sustainability of agricultural systems in this or simi-
lar areas.

This research could inspire other studies on the
factors that control the dynamics of salts in an agri-
cultural soil in an oasis environment where the
drainage systems should be well maintained. This
provides a basement that can be used to monitor
and evaluate the effectiveness of the oasis’ manage-
ment to control soil salinity. It should be noted that
our study was conducted only on oasis agricultural
land in drylands and needs to be extended to other
similar regions and on a large scale.

Fig. 3. Map of plant distribution (November 2018).
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