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analysis of climatic parameters. The results obtained were used to produce

The study of the reference state of the physico-chemical fertility of the soils of

lowed us to better understand the aptitudes of the above-mentioned crops. The
methodology used consisted of taking soil samples on a regular 25 m grid, car-
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thematic maps to better interpret the various parameters. The physico-chemical
analyses at the 0 - 20 cm horizon show a pH (6.1 - 7.9) close to neutral and a
non-saline soil (EC < 250 pS/cm). The site is poor in organic matter; it is of the
Copyright © 2022 by author(s) and order of 0.1 £ MO < 0.9. The granulometric results determined from a laser
Scientific Research Publishing Inc. granulometry which gives more precision, show that the soils have a texture
This work s licensed under the Creative dominated by fine sands with more than 50% in the site. This study reveals that
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License (CC BY 4.0). the site is suitable for groundnut and cowpea cultivation. However, some chem-

http://creativecommons.org/licenses/by/4.0/  ical parameters need to be improved to make the soil more fertile.
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1. Introduction

Land degradation, desertification and drought are a growing threat to the future
of our environment. They lead to the loss of terrestrial ecosystem services, which

are essential for economic and social development. Food production, water availa-
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bility and energy security are compromised by the continued loss of land and
soil. Failure to act on this threat could have major negative consequences for
economies and prospects for sustainable development.

In view of these functions and challenges, soil management becomes neces-
sary to promote sustainable agricultural activities. The control of soil characte-
ristics is essential for a rational orientation of land occupation and use.

In the face of climate change risks, there is an urgent need to strengthen sus-
tainable soil management strategies, especially in ecologically fragile agrosys-
tems. In the field, soil properties are often characterised on a point or linear ba-
sis (augering or soil profile descriptions from pits). Exhaustive characterisation,
which can be carried out by geostatistical methods, offers a synthetic view of the
variability of the physico-chemical properties of the soil cover. It can thus guide
judicious development choices and serve as a reference for developing soil qual-
ity management strategies. Geostatistics, in particular kriging, is the methodo-
logical approach used, with organic matter (CO) and hydrogen potential (pH)
being the targeted properties.

Organic matter is a recognised indicator of the fertility of Sahelian soils [1].
For a given climate, organic carbon richness is often influenced by other intrin-
sic soil factors (texture, base richness, structure) [2]. Furthermore, it is estab-
lished that organic carbon from inputs is essential for the development of soil
quality and sustainable production systems in the Sahel [3].

The hydrogen potential (pH) provides information on the level of acidity of the
soil. The degree of acidity or basicity of the soil plays a very important role in the
assimilability of plant nutrients. Soil acidity is influenced by a complex set of chem-
ical, physical and biological changes. Acidification considerably reduces soil fertili-
ty, affecting soil biology, decomposing organic matter and causing nutrient loss [4].

The Louga region is marked by the degradation of Arab lands despite the ef-
forts of the government [5]. The impact of agricultural policies (peanut mono-
cultures, deforestation) and the agro-pastoral system put in place since then
favour situations of overgrazing, deforestation and overexploitation of the land
precipitating the degradation processes [6].

SOS Faim and its local partner FAPAL (Federation of Peasant Associations of
the Louga Region) are strategically associated with the aim of maintaining soil
fertility in this region where more than 70% of households depend on family
farming [6]. Conducting a soil fertility assessment seems to us to be a good op-
tion for choosing the most suitable species.

Thus, the main objective of this study is to evaluate the physico-chemical fer-
tility of the different soils on the site before testing phosphocomposting on cow-

peas and groundnuts.

2. Context and Presentation of the Study Area

2.1. Context

Land degradation, desertification and drought are a growing threat to the future
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of our environment. They lead to the loss of terrestrial ecosystem services, which
are essential for economic and social development. Food production, water availa-
bility and energy security are compromised by the continued loss of land and
soil.

The soil nutrient balance in the tropics is the most negative in the world due
to aggressive rainfall, high temperatures and low pH levels [7]. Also, it must be
recognised that the use of synthetic fertilisers in these regions is limited by the
exorbitant and increasing price on the market and the acidification caused by
their long-term application [8]. In the face of these socio-economic and envi-
ronmental challenges, it becomes imperative to look for alternative sources of
nutrients for sustainable agriculture at a time when agricultural imports are at an
all-time high due to low crop yields. Moreover, the strategy of importing agri-
cultural products is increasingly controversial as it absorbs a large share of coun-
tries’ foreign exchange [9]. To mitigate the decline in crop yields, several ap-
proaches can be considered: organic fertilisation [10], the practice of crop asso-
ciations, crop rotations and crop rotation [11].

The Ferlo forest-pastoral zone, which covers a vast area of 36,289 km?, is un-
dergoing a fairly advanced process of desertification with a marked disappear-
ance of plant cover due to drought and the abusive pruning of woody plants by
herders. It is home to weakly evolved tropical ferruginous soils with siliceous
sands (transhumance rangelands) and slightly leached tropical ferruginous soils
with a sandy-clay texture or ferruginous concretions (rangelands and groundnut
cultivation); sub-arid brown soils and sub-arid red brown soils.

In tropical ecosystems such as the Ferlo, the extensive livestock system is the
predominant type of land use. This system is based on the exploitation of pas-
tures [12], which ensure various functions such as feeding livestock with fodder
[13] [14] [15] and providing the soil with organic matter. However, this system,
through overgrazing, causes environmental damage, namely soil degradation (en-
crustation, compaction) which favours water and wind erosion, thus accentuat-
ing the export of organic elements from the soil. With the demographic growth
that this area has experienced in recent years, there has been a change in land
use, which is increasingly turned towards agricultural and forestry activities that
can have different consequences on the evolution of the physical and chemical
fertility of the soil.

It is in this context that this study is being conducted at the pilot site of the
National Institute of Pedology (INP) in the commune of Kelle Gueye. This study
is a continuation of the numerous pedological studies carried out in the Ferlo
area [16] [17] which have enabled the characterisation and determination of the
different types of soil encountered in this region.

The non-existence of a study assessing soil fertility in the pilot site made it
worthwhile to do so. Therefore, this study is carried out in order to analyse the
physical and chemical parameters of the soil through the following question:

What is the state of soil fertility in the pilot site?

DOI: 10.4236/jgis.2022.145028

505 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2022.145028

N. Aliou, N. M. Lamine

2.2. Presentation of the Study Area

The area studied is the pilot site of the Institut National de Pédologie located in
the commune of Kelle Gueye in the Louga region (Figure 1). It is located eight
kilometres from the town of Louga. The pilot site covers an area of 3.37 ha. The
climate is Sahelian. The rainy season lasts three months (July-September). The
dry season lasts nine months (October to June). The vegetation is characterised
by a typically Sahelian shrub steppe, composed of the species Acacia raddiana,

Balanites aegyptiaca, Prosopis juliflora, Euphorbia balsamifera, etc.

3. Methodology
3.1. The Documentary Review

This documentary review focused on books and articles that deal with issues re-
lated to the characteristics and quality of the soil. This situation leads us to visit
the library of the INP and that of the UCAD for the collection of data. This re-
search has given us a lot of access to several documents and a better understand-

ing of the region in several areas.

3.2. Field Work

Pre-field work was carried out using Landsat images, Google Earth and GPS
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Figure 1. Location map.
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readings, which allowed us to delimit the pilot site. To this end, we then drew up
a plan for taking soil samples on a regular 25 m grid (Figure 2). Ensuite, nous
avons organisé une mission sur le site de Kelle Gueye. Lors de cette mission, des
prélévements d’échantillon ont été effectués sur le site pilote.

All boreholes were augered, with a total of 58 samples in the 0 - 20 cm hori-
zon. The geographical coordinates of each sampling point are located by GPS.
These samples were brought to the laboratory dried and sieved before being
analysed. The insertion of analytical soil parameters (pH and OM) into a geo-
graphic information system and the application of kriging with Arc Gis 10 soft-
ware allowed a geostatistical characterisation of the variability of soil properties.

3.2.1. Measurement of Physico-Chemical Parameters at the INP
Laboratory

The methods of soil analysis are documented in the laboratory. Among these

analyses we measured pH (hydrogen potential) and OM (organic matter).

3.2.2. The Method for Measuring ph
The measurement of the pH-water of the soil is done from an aqueous solution
with a ratio of soil/water 1/2.5, ie. for 1g of soil 2.5 ml of distilled water are used.

This means an equivalence of 20 g of soil for 50 ml of distilled water. The pH is
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Figure 2. Location of survey points.
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Table 1. Interpretation of soil pH proposed by ISRIC [18].

<4.0 4.0-49

Ext. acid Very acid

5.0-54 5.5-5.9 6.0-75 7.6 -84 85-94 >9.5

acid Light. acid Neutral Light. Alkaline Alkaline Very alkaline

Ext.: Extremely; Light.: Lightly.

measured with a pH meter using the “glass electrode” 30 minutes after stirring.
A range is defined for the pH-water values of the soil from <4.0 extremely acidic

to >9.5 very alkaline (see Table 1).

3.2.3. Method for the Determination of Organic Matter or Modified
Walkley and Black Method

Since organic carbon (OC) is estimated to be 58% of the organic matter (OM),
this method allows the determination of the total carbon contained in a sample.
It is a redox reaction on 0.2 to 1 g of soil which consists of oxidising the carbon
by an excess of 10 ml of potassium dichromate (K,Cr,0,) solution in a 20 ml
concentrated sulphuric acid (H,SO,) medium. The unreacted excess potassium
dichromate is titrated back by dropwise ammonium iron (II) sulphate hexa
hydrate [(NH,)-4Fe( SO} )-6H,0] (Mohr’s salt) in the presence of 10 ml ortho-
phosphoric acid and 2 to 3 drops of diphenylamine (redox indicator). The per-
centage of organic matter is equal to 1.724 times that of organic carbon and the
organic matter is determined by: (% MO = 1.724% CO).

Note: The test sample size varies from 0.2 to 2.5 g for surface soil horizons or

depending on soil colour and 2 to 10 g for deep soil horizons.

3.2.4. The Ammonium Acetate Method (CH3;COONH4)
The determination of exchangeable bases or cations (K+, Na+, Ca++, Mg++)
expressed in meq/100g or meq-100 g is carried out on the filtrate recovered
during saturation of the soil with ammonium acetate. Sodium (Na) and potas-
sium (K) are determined directly by flame photometer reading, while magne-
sium (Mg) and calcium (Ca) are determined by complexometry. In general, both
magnesium and calcium (Ca + Mg) are determined and then calcium (Ca) alone.
Magnesium is determined by the difference in the results of the determinations
between (Ca + Mg) and (Ca). Ammonium acetate is used for soil with a pH < 7.
Ethylene diamine tetra acetic acid (EDTA) of formula C,H ,N,Na,O42H,0 is
used to determine the amount of (Ca + Mg) in 20 ml of the extraction solution
in the presence of 5 ml of the buffer solution pH 10.1 (consisting of a mixture of
67.5 g ammonium chloride and 570 ml ammonia in 1 litre) and an indicator The
colour change is achieved when the colour changes from wine red to blue. The
exchangeable bases are calculated by the formula of [19].

Sodium is calculated by the formula: Na me.100 g™ = 1.25 R where R is de-
termined by the sodium calibration curve.

Potassium is calculated by the formula: Kme.100 g™' = 0.032 R.

Calcium and exchangeable magnesium: Ca + Mg me.100 g' = 1.25 (M-B)
where M = EDTA consumed to assay the sample in ml. Ca me.100 g~ = 1.25
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(M-B) where B = EDTA consumed to assay the control in ml.
Mg me.100 g™' = (Ca + Mg) - Ca.
It should be noted that the total nitrogen content (%N) in the soil is deter-

mined by calculation in the laboratory.

3.2.5. Measuring the Physical Parameters of the Soil
Granulometry consists of determining the size of the particles contained in a sam-
ple. At the INP, particle size measurement is carried out using the Mastersizer 3000
laser machine, a device consisting of an optical bench or instrument, a liquid
dispersion module called hydro EV connected to a computer in which the Mas-
tersizer 3000 software is installed. The computer is used to measure and display
the results. The evaluation is done by volume distribution of the particle size
with distilled water.
The principle of measurement is simple and is done manually with the com-
puter on a dry sample sieved to 1 mm.
The analysis of a sample is done in four steps:
e C(lean the instrument three (3) times with distilled water from the computer
with a high speed shaker up to 3100 rpm;
e initialise the instrument with the water from the third cleaning by decreasing
the speed of the shaker to between 1500 and 1700 rpm;
e measure the background noise while maintaining the same stirring speed;
¢ introduce the sample in the water contained in the hydro EV until the inter-
val of 12% to 20% of the obscurance and finally analyse. The machine meas-
ures the sample 5 times within 50 seconds and gives the average of the mea-
surement results.
The international scale classification (Atterberg, ISSA) (Table 2) can be used
for the particles.

3.3. Data Processing

At the INP, the work of [19] and [18] is used as a reference for the analysis and
interpretation of physico-chemical and chemical soil parameters. The texture tri-
angle is used to analyse the texture of soils as a function of grain size to deter-

mine the main textural classes and fundamental soil textures (Figure 3).
4. Results

4.1. Physico-Chemical Parameters

4.1.1. Physical Characterisation of the Pilot Site
The examination carried out on the Kelle Gueye samples in the laboratory made

Table 2. F.A.O. particle size classification according to [18].

Clay Finesilts  Coarse silt Very fine sands fine sands medium sand coarse sand very coarse sand
<2 20 63 125 200 630 1200 2000
The unit in pm.
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it possible to establish the characteristics of the various physical properties. These
different parameters made it possible to assess the texture and structure of the
soil.

1) Texture

The analysis of the profile samples and boreholes of the KELLE GUEYE soils
shows three granulometric fractions of medium coarse and fine sandy particles
distributed in unequal proportions (Figure 4) with a dominance of fine sand
over 50%.

2) Structure

Structure is a very important concept in practice because it conditions the
circulation of air, water and rooting [21]. It is determined on the basis of obser-
vation of profiles in the field. The soil structure studied at Kelle Gueye is mas-
sive, with no aggregates. Consequently, the structure of the horizons is of consi-
derable importance for plant growth. The massive structure offers a stability to

the soils which are essential for the cultivation of groundnut and cowpea.

4.1.2. Chemical Characterisation of the Site Soils
The examination carried out on the Kelle Gueye samples in the laboratory
made it possible to establish the characteristics of the various chemical and

organic properties of the soils. These different parameters made it possible to
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assess the chemical fertility of the soils, which are based on the one hand on the
measurement of pH and organic matter MO (%).

1) pH variability

The pH variability map from the kriging shows generally neutral soils. In the
0-20cm horizons, pH values vary between 6 and 7.9 (Figure 5). Basic soils with a
pH of 8.57 are poorly represented. They are located in the northern and south-
ern parts of the site.

Eight types of pH vary from surface to depth and from block to block through-
out the area. These near-neutral pH ranges (5.5 to 7.5) allow us to conclude that
these soils are very favourable for groundnut and cowpea crops.

2) Variabilité de la matiére organique

According to Calvet [22], organic matter represents on average 1% to 10% of
the soil mass and nitrogen 0.006% to 0.3%, 90% of which is in organic form and
10% in inorganic form (ammonium). The results obtained on the organic evolu-

tion of the area show that the organic matter content is very poor to average in
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Figure 5. Ph variability of the 0-20 horizon

the boreholes overall. It is of the order (0.1 < MO < 0.9) in the boreholes of the
site (Figure 6). The OM content is very low, less than 1% in the boreholes (S1 to
S58) throughout the site. This low content may affect the yield if not corrected as

OM plays an important role in the soil.

5. Discussion

Kriging gave more accurate results for the characterisation of organic carbon
and pH variability. A fine characterisation of the variability of soil properties by
kriging requires the prior development of a dense or spatially stratified sampling
design. Our sampling strategy using a regular 25 m grid allowed us to obtain sa-
tisfactory results for the spatialization of organic carbon and hydrogen potential.

The evaluation of the physico-chemical fertility of the soils in the INP pilot
site in the commune of Kelle Gueye, reveals that the soil is poor in organic mat-
ter at the 0 - 20 horizon.

This poverty could be explained by the biochemical nature of the organic mat-
ter inputs in the previous crops.

The acidity of point 53 could be explained by a deposit of organic matter. And
the rise in pH level by phosphate amendments.

This decrease in carbon could also be explained by erosion or leaching of
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these elements due to substrate degradation (crusting, compaction) caused by
overgrazing in parts enriched in fine elements.

In pastures, the low carbon could be explained by the contribution of easily
degradable organic matter of animal origin which would stimulate the minerali-
sation of Som, moreover the C/N ratio found in this system generally between 8
and 10 indicates a good decomposition of the organic matter. This decrease in
soil carbon and nitrogen in this system could also be explained by erosion or
leaching of these elements due to substrate degradation (crusting, compaction)
caused by overgrazing in the parts enriched in fine elements. There is also a
physical protection of the organic matter ([23] [24]) due to an interaction with
the mineral matrix, giving it a certain resistance to biodegradation; ([25] [26]).

Thus, for ferruginous kaolinite soils, the chemical and biological properties
depend largely on the organic matter content, according to threshold and often
linear functions.

The combination of kriging with remote sensing classification methods is
another approach likely to improve the results of the spatialization of soil prop-
erties [27]. These different approaches will be tested in our previous work on the

characterisation of the physico-chemical parameters of the soil cover.
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6. Conclusions

Geostatistics has enabled us to know and better understand the soil characteris-
tics of the Kelle Gueye pilot site. Soil pedological knowledge is of capital impor-
tance. It allows farmers to be guided towards precision agriculture.

The granulometry is dominated by the sandy fractions and the sum of the fine
sand represents more than 50%. This high dominance of the fine fraction, com-
bined with the permeability of the texture, provides good air circulation in the
pores essential for groundnut and cowpea cultivation.

The physico-chemical analyses show non-saline soils and a weakly acidic to
neutral pH. The soils are poor in organic matter. The results of the study also
point to the need to explore other statistical methods that could provide a good
characterisation of the dynamics of acidity in the soil.

It would be interesting to extend the study area to the whole commune and
even create other pilot sites in the region in order to generalise the results.

It is also necessary to improve local practices of fertilisation, maintenance and
regeneration of the land in order to improve production and the standard of liv-

ing of the populations.
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