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1. Introduction

Abstract

Millet (Pennisetum glaucum), a subsistence crop in the groundnut basin of Senegal,
was faced with multiple edaphic constraints. Thus, to guarantee self-sufficiency
and food sovereignty without affecting the agroecological balance, precision agri-
culture is necessary. Thus, an Analytic Hierarchy Process (AHP), according to
SAATY, combined with a Geographic Information System, was used to effectively
prioritize and overlay the different physicochemical soil parameters according to
their relative importance to fertility. The aim is to identify the most suitable areas
for sustainable millet cultivation. Consequently, a systematic random sampling
plan with 100 m intervals covering 84 soil samples on the horizon (0-20 cm) was
carried out to determine a number of parameters. These parameters taken into ac-
count in the assessment of soil fertility were texture, pH, electrical conductivity,
organic matter, nitrogen (N), phosphorus (P), potassium (K), exchangeable sodium
percentage (ESP), and cation exchange capacity (CEC). The soil characterization
results revealed a predominance of sandy-loam soils with respective proportions of
77.85 and 14.79%, limiting water and nutrient retention. The soils were relatively
poor in organic matter (from 0.366 to 0.841%), nitrogen (from 0.030 to 0.053%),
and phosphorus (from 4.76 to 10 ppm), with lower concentrations in the center. On
the other hand, CEC (8.65 to 62.39 meq/100g) and potassium (from 39 to 347.37
ppm) were generally high, especially in the Southeast and part of the center of the
commune, due to salinity stress. Furthermore, in these areas, the ESP ranged from
15.00 to 98.35%. Thus, the geospatial analysis showed that 41% of the municipal
territory (in the west) was fertile for millet cultivation, 32% moderately fertile
(practically in the southeast), and 27% low fertility (generally in the center).
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In recent decades, human activities such as manufacturing and the overexploitation of soils have contributed
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considerably to the development of countries. However, they can raise many environmental concerns related to
pollution and the depletion of soils in organic matter and mineral elements [1, 2]. Moreover, soil, which is an im-
portant resource, is today exposed to strong anthropogenic pressures and increasingly unfavorable climatic condi-
tions, which are likely to cause its degradation [3]. The latter has become very pronounced in recent years. It is often
linked to numerous factors such as monoculture [4], intensive agricultural practices [5], climate change [6], etc.
These factors of soil degradation affect their physical, chemical, and biological properties, potentially contributing
to a reduction in fertilizing elements [7]. It must also be noted that natural soil regeneration is sometimes very
difficult and could thus affect the sustainability of agricultural production [8]. Developing countries are the most
affected by this soil degradation, mainly linked to poor land management and climate change. This situation could
have very significant economic and social consequences [9]. Indeed, the income of the vast majority of the African
population is based on rain-fed agricultural activities, which are now impacted by these phenomena. According to
a World Bank study, 100 million people worldwide, mainly in South Asia and sub-Saharan Africa, are at risk of
falling back into poverty due to the effects of climate change [10]. Indeed, they have a socio-economic vulnerability
that makes them less able to cope with extreme climatic events such as droughts or floods that accelerate erosion
and loss of soil fertility [11]. Several studies have shown that climate change is now perceived as one of the major
challenges for food security in sub-Saharan Africa due to the low resilience of its inhabitants [12, 13]. In Senegal,
more precisely in the groundnut basin, which is an eco-geographical zone mainly grouping the regions of Kaolack,
Kaffrine, Fatick, and Diourbel, is not spared from this soil infertility. Moreover, this area occupies a central place
in subsistence agricultural production systems and food crops such as millet, essential for food security and the
well-being of rural populations [14]. Millet is a key crop for the diet of millions of Senegalese, especially in rural
areas where it constitutes a staple food. Moreover, millet is not only used for human and livestock food, as its stems
can be used for many purposes, including the construction of barriers and roofs, making brooms, mats, baskets, etc.
The stems can also be used as fuel and as additives to improve soil fertility [15]. The versatility of this cereal makes
it a crucial resource for food security and household resilience in areas vulnerable to climatic hazards. However,
millet, a flagship crop in this groundnut basin, although hardy, is today facing several challenges related to soil
fertility. The region has soils that often have nutrient deficiencies and salinity problems, which can compromise
their ability to support high yields [16]. Moreover, the average yield of millet production in Senegal is between 500
and 900 kg/ha, significantly lower than the achievable yield potential of 3500 kg/ha [14]. However, galloping pop-
ulation growth continues to lead to a dizzying increase in global food demand, while fertile agricultural land is
becoming scarce. In addition, by 2050, global food production is expected to increase by about 70% to meet pro-
jected demand [17]. Thus, in a context of self-sufficiency and food sovereignty policies, the study and restoration
of soil fertility are becoming essential, aiming to improve soil management and increase agricultural yields. How-
ever, ensuring food security for the population without affecting the agroecological balance requires the adoption
of sustainable agriculture, also known as precision agriculture, which is based on the use of geospatial technology
[18]. The latter consists of estimating the spatial variability of the determining elements of soil fertility. Although
this precision agriculture already exists, it is still little used in agricultural research in Senegal, more precisely in the
groundnut basin. It is with this in mind that this study was carried out to propose sustainable solutions responding
to the challenges of food security and to promote the sustainability of agricultural systems in the groundnut basin
of Senegal, particularly in the commune of Loul Sessene. To assess soil fertility in the commune, a multi-criteria
decision-making model called SAATY was used to effectively prioritize and superimpose the different physico-
chemical parameters of the soils.

2. Materials and Methods
2.1 Study area and sampling

This study was carried out in Loul Sessene, a commune located in the department of Fatick, in the center-west of
Senegal. It has an area of 328 km? and its geographical coordinates are between latitudes 14° 24' 00" and 14° 10’
00" N and longitudes 16° 43' 30" and 16° 24' 30" W. Sampling was carried out between April and June 2024. A
systematic random grid with a step of 100 m was carried out over the extent of the commune. Eighty-four (84)
samples were collected using an auger at depths ranging from 0 to 20 cm. The geographical coordinates of the
sampling points were determined using a GARMIN 64S GPS. The samples collected were packaged in polyethylene
bags and labeled. Before being subjected to the various analyses, the samples were crushed, sieved with a 2 mm
mesh sieve, and dried in an oven at 35°C for 2 days. Figure 1 shows the geographical location of the municipality
and the sampling points.
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N! Location of sampling points in Loul Sessene commune
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Figure 1. Study area and sampling points.
2.2 Granulometric and physicochemical analyses of soils

2.2.1 Granulometric analysis
Mastersizer 3000 laser diffraction granulometry was carried out to determine the different proportions of sand, clay,
and silt in the soil samples.

2.2.2 Measuring the pH of soil samples
The pH measurement of soil samples was carried out according to ISO 10390:2021 [19]. The soil-water ratio was
1/5, and the measurement was made using a LAQUAact HORIBA D-70 pH meter.

2.2.3 Electrical conductivity (EC) measurement

The electrical conductivity of the soil samples was measured according to ISO 11265:1994, revised in 2021 [20].
The EC measurement was carried out with a GLP 31 CRISON conductivity meter, after suspending the soil in
distilled water with a soil-water ratio of 1/10.

2.2.4 Determination of exchangeable cationic bases

The contents of exchangeable basic cations were determined on the filtrate recovered during saturation of the soil
with ammonium acetate at pH 7. The volume of the filtrate adjusted with ammonium acetate was 150 mL, and the
test portion of the soil sample to be analyzed was 20 g. Sodium (Na), potassium (K), and calcium (Ca) were deter-
mined using a KRUSS-FP8400 flame photometer and according to the NF X31-108 standard [21]. Then, the sum
(Calcium + Magnesium) was determined by EDTA complexometry according to the NF U44-146 standard. The
volume of the sample to be determined was 10 mL, to which 5 mL of a buffered ammonia solution was added. The
pH was adjusted to 10, and just before the determination, 5 drops of methyl red indicator and 5 drops of NET
(Eriochrome Black T) were added. The total concentration of (Ca + Mg) in meq/100g of soil was determined by
equation 1.

Ca+ Mg =125(M —B) (1)
Where M and B were the volumes of EDTA (mL) required to assay the sample and control, respectively.
The magnesium (Mg) concentration in the samples was deduced by subtracting the Ca determined by flame pho-

tometry from the sum (Ca + Mg).
The total carbon and nitrogen contents were determined according to ISO 14235 and ISO 11261:1995 standards,
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respectively [22]. The organic matter content was obtained by multiplying the organic carbon content by 1.724. As
for the available phosphorus content, it was obtained according to the Olsen method used by Reussi Calvo et al.
[23]. The cation exchange capacity (CEC) (in meq/100g), which is an indicator relating to the fertility potential of
a soil, was calculated by equation 2. The percentage of exchangeable sodium (EPS) was calculated using
Equation (3).

_ Ca+Mg+K+(9+(7,5-(pH-1,5)))
= s (2)

N
PSE = ﬁ * 100 (3)

CEC

2.3 Data processing

The assessment of soil fertility in the commune required a multi-criteria decision-making model from SAATY [24]
to efficiently prioritize and superimpose the different physicochemical parameters of soils in an ArcGIS 10.4.1
spatialization software. The parameters considered in the fertility assessment were lithology, pH, organic matter
(OM), cation exchange capacity (CEC), exchangeable sodium percentage (ESP), and nutrients such as nitrogen (N),
phosphorus (P), potassium (K), magnesium (Mg), and calcium (Ca). The choice of these parameters is based on the
importance and role they play in millet production. The results from the 84 samples were interpolated using the
Kriging method [25] in order to transform point data into continuous surfaces, essential for a complete spatial anal-
ysis. Then, the parameters were reclassified on ArcGIS according to the predefined fertility standards, and then each
criterion (range) was assigned a score (class) ranging from 1 to 5 depending on its importance in soil fertility. The
aim was to standardize the units into comparable scores and facilitate weighting. The latter was done according to
the relative importance of each parameter on fertility. To obtain the weights, an Analytic Hierarchy Process (AHP)
was carried out with the SAATY model, where each criterion was compared to another to assess its relative im-
portance via pairwise comparisons, which allowed establishing the priority scale (Table 1). The consistency ratio
of 3% obtained and which was calculated by equation 4, confirms the robustness of the judgment matrix.

CI
CR==% “)

With (CR) consistency ratio, (RI) random index developed by SAATY (Table 2), and (CI) the consistency index
calculated by Equation (5).

Cl = Amaxn )

n—1
Where A max is the maximum eigenvalue of each criterion in the matrix table (Table 1) and n is the size of the
matrix.

Table 1. Pairwise comparison matrix of criteria

Criteria Lithology ESP pH CEC OM N K P Ca Mg WeiA;Eng

Lithology 1 2 3 4 4 5 5 5 6 6 0.275
ESP 172 1 2 3 3 4 5 5 6 6 0.208
pH 1/3 1/2 1 2 2 3 3 3 4 4 0.13
CEC 1/4 173 1/2 1 1 2 2 2 3 3 0.083
OM 1/4 173 172 1 1 2 2 2 3 3 0.083
N 1/5 1/4 173 172 172 1 2 2 3 3 0.065
K 1/5 1/5 173 172 172 172 1 2 3 3 0.056

P 1/5 1/5 173 12 12 1/2 1/2 1 2 2 0.043
Ca 1/6 1/6 1/4 1/3 1/3 1/3 173 172 1 1 0.028
Mg 1/6 1/6 1/4 173 1/3 1/3 1/3 12 1 1 0.028

Consistency Ratio 3%
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Table 2. Random index of the analytic hierarchy process [26]

Size of matrix

12 3 4 5 6 7 8 9 10 1 12
()
Rand?g})mdex 0 0 058 09 112 124 132 141 145 149 151 158

The weightings of the different criteria obtained with the AHP were then added for each soil sample, giving an
overall fertility score. ArcGIS 10.4.1 software was used to map and spatialize the different physicochemical param-
eters from the analyses. A principal component analysis was also carried out to reduce the dimensionality of the
data and highlight the correlations between the physicochemical characteristics. These statistical analyses were car-
ried out with RStudio 4.4.2.

3. Results and Discussion
3.1 Granulometric analysis

Texture is an important element to consider in soil analysis. It was determined by granulometry, which allows the
soil of the municipality to be classified according to the size and proportion of its particles (silt, clay, sand). The
results of the granulometric analysis of the 84 samples were represented in the form of a textural triangle (Fig. 2).

1 Sa
S Si
12 sagd B-2800om® 22 >

Figure 2. Textural triangle of the commune of Loul Sessene.

According to this diagram (Figure 2), the 84 soil samples collected in the commune of Loul Sesséne were located
in the lower left part, thus indicating a strong predominance of sandy soils 77.85% with a moderate proportion of
silt 14.79% and very little clay 7.36%. In addition, the majority of points were concentrated in the area correspond-
ing to sandy loam (SL) and sandy loam clay (LSA) soils. This result is consistent with the characteristics of soils in
dry or semi-arid regions, where wind and water erosion can favor sand deposition. However, sandy loam soils with
sand dominance often have a low water and nutrient retention capacity, due to the coarse grain size of the sand,
which creates pore spaces, thus favoring rapid water drainage and nutrient entrainment [27]. This could limit their
ability to support a crop like millet, a plant that requires moderately fertile soils with good moisture retention.
Somewhat similar results were obtained by Hassimiou et al. (2020), having showed that the soils at the Sakey site
koira Tegui in Niger, had a sandy-loam texture with a sand dominance (72.32%) [28]. This texture could have
consequences for the physicochemical properties of the soil. Indeed, studies have shown that a sandy-dominated
texture made the soils dry and poor in nutrients [29].

3.2 Statistical processing of data

A principal component analysis (PCA) (Figure 3) was carried out to better understand the correlations between the
variables in the 84 soil samples taken across the commune of Loul Sessene. According to Figure 3, the first two
dimensions (Dim 1 and Dim 2) explained 58.75% and 26.80% of the total variance, respectively, or about 85.55%
of the information. Organic matter was highly correlated compared to Dim 1 with nitrogen, phosphorus, and calcium,
with correlation coefficients of 77.11%, 80.06% and 86.17%, respectively. Thus, this suggests that samples rich in
organic matter also tend to have high levels of N, P, and Ca, which are essential elements for soil fertility. pH was
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also related to Diml1, but to a lesser extent. On the other hand, variables such as cation exchange capacity (CEC),
sodium (Na), magnesium (Mg), potassium (K), and silt were mainly projected onto Dim 2 with 26.80% of the
variance. The fact that Na, Mg, K, and clay were correlated with CEC with correlation coefficients of 95.72%,
92.45%, 97.00% and 72.70% respectively, suggested that these elements play an important role in nutrient retention
in the analyzed soils. Furthermore, samples with high CEC are probably better equipped to retain cations like K and
Mg, which are crucial for plant nutrition.

E
a

Figure 3. Correlation between soil characteristic parameters.
3.3 Acid-base properties and salinity of soils

Figures 4a and 4b respectively represented the spatialization maps of pH and electrical conductivity (EC) of the
soils of the commune of Loul Sessene.
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Figure 4. Spatial distribution of pH (a) and electrical conductivity (b) in the soils of Loul Sessene.

According to Figure 4a, the majority of the commune was characterized by slightly acidic soils (5.7 to 6.5),
indicated in red. The neutral pH zones (6.5 to 7.11), represented in blue, were much less extensive and practically
covered the saline areas in the south of the commune. Many authors have reached results according to which a
weakly acidic to neutral pH would be favorable to the development of cereal and legume crops [30, 31]. Indeed,
these pH values would promote the availability of certain essential nutrients. For electrical conductivity (Figure 4b),
the values were relatively high with a dominance of extremely salty soils (>2000 ps/cm) in the center and southeast
of the municipality. These results were explained by the presence of soluble salts in these areas due to marine
intrusion.

3.4 Soil nutrients (Organic Matter, N, P, and K)

Figures 5a, 5b, 5c, and 5d presented, respectively, the individual spatialization maps of organic matter (OM), phos-
phorus, nitrogen, and potassium, over the extent of the commune. Organic matter, essential for soil fertility, was

DOI: 10.26855/ijfsa.2025.12.001 259 International Journal of Food Science and Agriculture



El Hadji Moussa Diop et al.

analyzed (Figure 5a). The results showed that the soils of the commune were poor in organic matter throughout the
territory. The rates varied from 0.366 to 0.841%. The lowest values were recorded in the center and part of the east
of the commune. These values were well below the levels recommended for good soil fertility. In addition, for a
fertile soil, a minimum of 1 to 1.5% is required [32]. Thus, the impoverishment of the soils of this commune in
organic matter (OM) limited their capacity to support intensive and productive agriculture. However, millet, which
is a hardy crop, is able to thrive in these low OM conditions due to its low nutrient requirements [33]. Relatively
low nitrogen contents were also noted with values ranging from 0.03 to 0.053% (Figure 4c). In addition, the spatial
distribution of nitrogen in the municipality was correlated with that of organic matter. These deficiencies in organic
matter and nitrogen could be attributed to the absorption of the latter by biological reducing agents present in the
environment. Tahirou et al. supported this hypothesis [16]. However, the constraints that hinder the potential avail-
ability of OM and nitrogen storage in soils are not only biophysical. Indeed, intensive and frequent agricultural
practices could also degrade soils by causing erosion, loss of organic matter and biodiversity, thus affecting fertility
[5]. Moreover, the central area of the commune is the most exploited by cultivation. From Figure 5b, it was found
that the soils were also poor in available phosphorus, with relatively low levels ranging from 4.76 to 10 ppm. The
central area was more affected by this phosphorus deficiency. Thus, a phosphorus recovery would be necessary
throughout the commune, especially in the center, to achieve a sufficient level of availability for cultivation. This
phosphorus deficiency in the commune's soils could be linked to acidity. Indeed, a pH that is too acidic (below 6.5)
could make phosphorus unavailable to plants, because it binds to iron and aluminum ions. This hypothesis was
consistent with the low pH values obtained, especially in the center and west of the commune. It could also be due
to intensive agriculture in this area. On the other hand, the soils were moderately provided with potassium with
concentrations ranging from 0.126 to 1.122 meq/100g or 39 to 347.37 ppm. The highest levels were recorded in the
South-East of the commune (Figure 5d). These results are consistent with those of Bassole et al., who stipulated
that the soils of the Sudano-Sahelian countries are generally poor in organic matter, nitrogen, and phosphorus, but
potassium is often quite present [34]. The same observation was made by Tahirou et al. [16]. The low levels of these
major nutrients reflected a reduction in the level of soil fertility in this commune and may have negative effects on
the water retention capacity of these soils.
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Figure 5. Spatial distribution of organic matter (a), phosphorus (b), nitrogen (c) and potassium (d) in the soils of the com-
mune of Loul Sessene.
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3.5 Cation exchange capacity and exchangeable sodium percentage (ESP)

Cation exchange capacity (CEC) is a key fertility indicator that measures the power of a soil to retain and exchange
nutrient cations such as calcium, magnesium, potassium, etc. The CEC results across the commune were shown in
Figure 6a. CEC values in the commune ranged from 8.65 to 62.39 meq/100g. Depending on the interpretation scale,
the West of the commune recorded average CECs ranging from (9 < CEC < 12) to fairly high (12 < CEC < 15).
Relatively high CECs (15 < CEC < 25) were noted in the center, while the Southeast had very high values (CEC >
25). On the other hand, the percentage of exchangeable sodium (ESP), which measures the degree of monopolization
of the cationic exchange sites of a soil by sodium ions, was also evaluated on the soils of the commune of Loul
Sessene (Figure 6b). The results showed that only the western soils were considered non-sodic with ESP values
between 5 and 15%. However, the soils in the center and southeast of the commune presented values ranging from
15 to 98.35%, thus attesting to their sodicity with the presence of exchangeable sodium in excessive quantities. This
salinity, unfavorable to cultivation, was due to the presence of salty gley soils in the southeast of Loul. Sessene,
where the Bolongs occupied a significant part. This high salinity could lead to a nutritional imbalance by reducing
the capacity of plants to absorb essential nutrients, even if they are present in the soil [35]. Therefore, the relatively
high CEC values in the center and the Southeast would be linked to the high potassium ion (K) contents in these
areas (Figure 5d) due to salinity stress. Indeed, excessive sodium in the soil could hinder by competition the absorp-
tion of potassium by plants by binding to the same ion transport sites and the same proteins of the root cell membrane
[36]. Generally, a high CEC of a soil is linked to its richness in organic matter and clay, which creates a clay-humic
adsorbent complex capable of acting as a real reservoir of nutrients [37]. This paper was supported by Mezlini et al.
[38]. However, the results of this study proved otherwise. Indeed, the soils of the commune had a sandy-loam texture
with very little clay (7.36%). In addition, the organic matter content across the commune was relatively low. Thus,
although the CEC is generally high in the center and southeast of the commune, it is not favorable to cultivation
because of the sodicity of the soils, which makes potassium available without being used by the plant.
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Figure 6. Spatial distribution of CEC (a) and ESP (b) in the soils of the municipality.
3.6 Soil suitability for millet cultivation

To identify areas of the municipality that are favorable to cultivation, an aggregation approach by additive combi-
nation of criteria based on their weights was carried out using the SAATY model. This method made it possible to
spatialize an overall score of physicochemical fertility of the soils across the entire municipality of Loul Sessene
(Figure 7). Thus, the geospatial analysis showed that 41% of the communal territory (in the west) was fertile for
millet cultivation, 32% moderately fertile (practically in the southeast), and 27% weakly fertile (generally in the
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center). Therefore, the western area presented a more favorable aptitude for millet cultivation, compared to the
center and southeast of the commune. The low fertility in the center of the commune was linked to overexploitation
of the soils, causing combined deficiencies in nitrogen, phosphorus, potassium, and organic matter. Indeed, practi-
cally all the agricultural activities of the commune were concentrated in the center, while the west of the commune
was devoted to housing the population. This is also what made the West more suitable for cultivation because it was
less exploited. Despite these shortcomings, the soils of the center of Loul Sessene could support the cultivation of
millet, a hardy plant adapted to poor soils [39]. However, millet would have difficulty growing in the Southeast, a
very saline area. This saline stress would harm its germination, growth, and capacity to absorb water [40]. Thus, to
improve the overall fertility of the commune's soils in order to have high agricultural yields, interventions will be
necessary. Therefore, the development of maps of availability and requirements for NPK (Nitrogen, Phosphorus,
Potassium), essential elements for plants, particularly millet, due to their fundamental roles in biological processes,
would be crucial. Indeed, it would make it possible to determine the inputs necessary to optimize soil fertility and
millet productivity in these different unfavorable areas. Thus, this study has shown the crucial importance of geo-
graphic information systems coupled with multi-criteria analysis for precision cultivation. Somewhat similar studies
on optimal selection of land for agricultural purposes have been carried out by Subbarayan Sathiyamurthi. et al. and
suitability mapping designated 17.31% of the study area as highly suitable, 41.32% as moderately suitable, and
7.82% as permanently unsuitable [41]. Another study on the implementation of a multi-criteria spatial decision
support system was carried out in the Calabria region of southern Italy to assess land suitability for olive cultivation
in order to identify the most favorable areas. According to the authors, the total area suitable for sustainable olive
cultivation in Calabria was 109,595.10 ha, of which 46,912.17 ha were already occupied by olive groves [42].
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Figure 7. Soil suitability for millet cultivation in the commune of Loul Sessene.
4. Conclusion

This study aimed to contribute significantly to the characterization of the soils of the commune of Loul Sessene, in
the groundnut basin in Senegal, to highlight the limiting factors and the interventions necessary to improve their
agricultural potential, particularly for millet cultivation. To this end, a number of characteristic soil parameters were
determined. The results of the granulometric analysis showed that the soils of the commune had a texture of sandy-
loam with respective proportions of sand and silt of 77.85% and 14.79%. This texture certainly promotes good water
infiltration, but limits its nutrient retention capacity. Soil pH ranged from slightly acidic (in the west and center) to
neutral (in the southeast), which is favorable to millet growth by facilitating nutrient availability. However, electrical
conductivity and the percentage of exchangeable sodium were very high in most of the communes, especially in the
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center and southeast, attesting to a high content of soluble salts and excessive sodicity, which is unfavorable to
fertility. The high sodicity in these areas would block the absorption of potassium by plants, making it more avail-
able with relatively high levels ranging from 39 to 347.37 ppm. This saline stress increased the cation exchange
capacity in these areas due to the high potassium concentrations. Furthermore, the spatial distribution of organic
matter was correlated with that of nitrogen, with values well below the levels recommended for good fertility. These
low levels limit the ability of the commune's soils, especially in the center, to support intensive agriculture. On the
other hand, the phosphorus content was moderate in most of the communes, although some areas showed deficien-
cies. Thus, the results showed that the soils of Loul Sessene were naturally poor, especially in the center. However,
millet, a low-demanding crop, could adapt to these conditions. SAATY's multi-criteria hierarchical analysis, cou-
pled with the geographic information system, showed that the commune has a total of 41% of areas suitable for
millet cultivation (in the West), 32% moderately suitable (practically in the southeast), and 27% of low suitability
(in the center). However, their agricultural potential could be improved through targeted amendment strategies,
including organic matter inputs to enrich soils with nitrogen, phosphate fertilizers to correct phosphorus deficiencies,
and sustainable management practices, such as crop rotation and the integration of improving species. To further
this study, it would also be relevant to carry out an ionic balance in order to determine the ions responsible for
salinity, in order to target corrections, but also to study the evolution of soil fertility over different periods of the
year to integrate seasonal and climatic variations.
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