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Abstract  Soil samples were taken from the 0-20 cm range from three sites in the Hadjer Lamis region. According 
to the climatology (rainfall and temperature trends) over the last thirty years, Dandi, Mani, and Karal have an arid 
climate based on the Koppen-Geiger classification. A physico-chemical characterization analysis of these samples 
gives us the granulometry by sieving according to the NFP18-560(1978) standards in the bottom of the sieves for the 
different samples, which are as follows: Dandi: 63.4%, Karal: 70.5%, Mani: 2.1%. Mani has a plasticity index (PI) 
that cannot be measured, while Dandi and Karal have plasticity indices of 4.75 and 21.15 respectively. Using the soil 
classification table based on PI values, the Dandi soil is sandy and the Karal soil is sandy clay. The results of the 
chemical analyses reveal that these three soil samples have organic matter contents of 0.655%, 0.617%, and 0.519% 
respectively, which are not very appreciable, as these soils are poor overall. The pH-water varies between 6.26 
(weakly acidic) and 7.64 (slightly alkaline) with an average of 7.72 (neutral), the exchangeable base content is 
normal for some samples and abnormal for others. The poverty of these soils is undoubtedly because they are arid 
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1. Introduction 

Food self-sufficiency is a quest for some African 
countries. Countries of sub-Saharan Africa are no 
exception to this rule [1]. To achieve food self-sufficiency, 
with the increase in the African population in general and 
sub-Saharan Africa in particular, it will be necessary to 
increase agricultural production, among other things 
[2,3].To achieve this, several levers need to be activated, 
at best in synergy, including increasing the area under 
cultivation and soil fertility [4,5], controlling and 
managing water, intensifying the diversification of 
agricultural products, strengthening the system for 
preventing and managing food crises, building the 
capacity of technical support services and producers 
organizations and supporting training in promising 
agricultural sectors. Achieving food self-sufficiency would 
be an asset for all countries, especially those in the Sahel. 
This is all the truer given that some of these countries are 
experiencing recurring food crises. The harsh climate in 
the Sahel is a major contributing factor (low rainfall, poor 

distribution of rain, etc.) [6], despite the efforts of those 
involved in the agricultural sector, yields from one year to 
the next depend on several factors: rain, drought, wind, 
locust invasion, etc. Soils are known for the spatio-temporal 
variability of their characteristics, outside certain privileged 
areas such as plains, lowlands, etc., one of the common 
characteristics of these soils is their aridity. Soils that are 
used for several purposes over time gradually lose their 
fertility. In fact, many soils in sub-Saharan Africa have a 
low level of intrinsic fertility due to natural constraints 
specific to each agro-ecological zone [7]. These deficiencies 
are determining factors in production [8,9] considers 
fertility as a judgement of "the productive capacity of an 
environment whose various characteristics are assessed".  

Most fields in rural Africa are family farms, and land 
management strategies are still largely the result of 
collective choices. the concept of fertility must therefore 
be considered at several levels, from the plot to the region, 
and demographic trends mean that pressure on land is 
increasing considerably [10]. This observation, made 
generally in sub-Saharan Africa, could justify a study in 
the context of Chad, an agricultural country. 

Chad, a landlocked Sahelian country, lies between 
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latitudes 7o and 24o North and longitudes 13o and 24o East. 
It has a warm continental climate. Rainfall in Chad varies 
from north to south between 100 and 1,200 mm per year, 
which has a major influence on the agricultural production 
system. This rainfall is characterized by very high annual 
variability, with a high risk of drought, the country is 
therefore exposed to the vagaries of the weather, with very 
marked effects on agricultural and food production. 

Chad has a population of 16,722,196 (National Institute 
of Statistics, Economic and Demographic Studies 
(NISEDS), 2021), the demographic growth of Chad is 
3.30, 44.2% of this population is affected by temporary or 
chronic food insecurity. 

Agriculture and livestock farming are the basis of Chad's 
economic development, agriculture plays a predominant place 
in the national economy and remains the driving force behind 
the country's development, contributing at several levels. 

The first agriculture's main contribution to the economy 
is its large share of GDP, estimated at 23%, of which 20% 
comes from food production and 3% from cash crops 
(groundnuts, cotton, gum arabic), it is also a major 
provider of jobs, employing 2/3 of the country's working 
population, more than half of whom are women. 

The second fundamental contribution of agriculture is 
the production of food, which provides an immediate 
response to the issues of food insecurity and poverty, 
which are particularly acute given the recurrent food 
shortages in Chad. Agriculture's third contribution to 
overall growth is the supply of raw materials to the 
country's agri-food industries. 

Most of the players in this agricultural sector are family 
farms, which for several decades have been facing a 
combination of unfavorable situations that have had an 
impact on their production levels [11]. First, soil fertility 
has declined [12], with fertilization and amendment 
practices contributing to changes in soil properties [13-16]. 

Improving soil fertility management practices requires : 
the application of organic manure (manure, compost, crop 
residues) [17] and mineral fertilizers (NPKSB and urea) to 
crops; the practice of short or long fallow periods; the 
promotion of the use of nitrogen-fixing cover crops and 
fodder crops for the sustainable improvement of soil fertility 
and yields; training farmers to master simple, low-cost soil 
fertility management techniques combining light erosion 
control works and the addition of organic matter at plot level. 

Many researchers have demonstrated the increase in 
certain yields with the use of nitrogenous fertilizers [18-20] 
[9]. Vegetation cover and land use influence soil properties 
such as water retention and porosity. To compensate for these 
declines, a great deal of work has been done on soil 
characterization, including work by [21-23] on the 
characterization of soil physicochemical parameters. 

The present work, which involves a comparative study of 
the soils at three of the above-mentioned sites, adds to and 
deepens our physicochemical knowledge of these different 
types of soil [23], their properties in relation to fertilization 
practices, and those related to water: affinity, retention, 
circulation, and the soil's behavior in relation to water. 

2. Materials and Methods 
This part of the work is reserved for the presentation of 

the equipment and methods used. The GPS coordinates 
and mean altitudes of the study sites will be presented 
later, see Table 1. 
Soil analysis in laboratories 

Soil samples were taken in June 2023 from different 
horizons (0-20 cm). The choice of these depths is dictated 
by the fact that they are the parts of the soil where the 
roots grow, fixing the plant to its support and supplying it 
with the various elements necessary for plant growth: heat, 
water, all the nutrients: this is also where the notion of soil 
fertility is best understood [23]. 

The samples were subjected to various physico-
chemical characterizations (particle size analysis, 
Atterberg limits, normal Proctor, pH-water, pH-KCl, total 
phosphorus, assimilable phosphorus, total potassium, 
organic carbon, total nitrogen, cation exchange capacity, 
natural water content, exchangeable bases, plasticity index 
and consistency index). 

The granulometric analysis was carried out at the 
SATOM laboratory in Ndjamena (Chad) and the chemical 
analyses were carried out at the BUNASOL laboratory in 
Ouagadougou (Burkina Faso).  

Granulometric analysis by wet sieving was carried out 
in accordance with NF P 18-560 (1978). The Atterberg 
limits were determined in accordance with standard NF P 
94 - 051 (1993). The liquidity limit (WL) was determined 
using the Casagrande disc method and the plasticity limit 
(WP) using the roller method. The optimum moisture 
content (Wopt) and maximum dry density (ρopt) were 
determined by normal Proctor in accordance with 
standard NF P 94 - 093 (1999). The optimum water 
content is an index that characterizes the behavior of a 
soil in the presence of water. It represents the quantity of 
water required to lubricate the soil particles and allow 
them to move within the mass to occupy as little space as 
possible. The pH (pH-water and pH-KCl) (hydrogen 
potential) was determined using the method of Mc. Lead 
(1982). Total phosphorus and assimilable phosphorus 
were determined in accordance with international 
standard NF ISO 11263 [24]. The organic matter (OM) 
content was determined using the Walkey and Black 
method, which consists of cold oxidation of the organic 
carbon fraction with potassium dichromate (K2Cr2O7 at 
1N) in an acid medium and back titration with Mohr's 
salt (SO4Fe, SO4(NH4)2, 6 H2O at 0.5N). The organic 
matter content is estimated by multiplying the percentage 
of organic carbon by the factor 1.724). Total nitrogen is 
obtained using the method described in international 
standard NF ISO 13878. Cation exchange capacity was 
measured using the Metson method in AFNOR standard 
NF X31-130. The natural water content of the soils 
studied was determined by the method of successive 
weighings before and after drying the samples in an oven 
at 105oC in accordance with the requirements of standard 
NF P 94 - 050 (1995). The content of elements Ca2+, 
Mg2+, Na+, K+ was determined by the fluoro-nitro-
perchloric method [25]. The plasticity index was 
calculated as the difference between the liquidity limit 
and the plasticity limit (Equation 1). The consistency 
index was calculated as the difference between the liquid 
limit and the natural water content, all related to the 
plasticity index (Equation 2). 
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3. Results 

According to the GPS coordinates, the distance 
separating the sites is no more than ten kilometers and the 
average altitudes vary between 276 and 285 m with an 
average of 281.66 m. 
Location of sample collection site 

3.1. Physical Characteristics of Dandi, Karal 
and Mani Soils. 

Table 1 shows the geographical coordinates of the 
study regions.  

Tables 2, 3 and 4 show the geotechnical properties of 
soil samples from Dandi, Karal and Mani respectively. 

Figure. 1 gives the cumulative particle size curves of 
the Dandi, Karal and Mani soil samples. 

 
Figure 1. Granulometric curves for Dandi, Karal and Mani soils 

Table 1. GPS coordinates and average altitudes of sites in the study area 

Localités GPS coordinats 
Medium altitude (m) 

 N E 
Dandi 12o48.954’ 14o40.722’ 284 
Karal 12o52.752’ 14o45.507’ 276 
Mani 12o44.622’ 14o41.155’ 285 

Legend:     N: latitude North        E: longitude East 

Table 2. Geotechnical properties of materials for Dandi 

Locality Geotechnical properties Numerical values 

Dandi 

Plasticity of the base material  
Liquid limit (Ll) (%) 27 

Plasticity limit (Wp) (%) 22,25 
Water content (w) (%) 02,83 
Consistency index (Ic) 5,08 

Plasticity index (Ip) (%) 4,75 
Normal Proctor test  

Optimum water content (Wopt) (%) 17,7 
Maximum dry Density )( dγ  )/( 3mg  1,75 

Table 3. Geotechnical properties of materials for Karal 

Locality Geotechnical properties Numerical values 

Karal 

Plasticity of the base material  
Liquid limit (Ll) (%) 40,45 

Plasticity limit (Wp) (%) 19,25 
Water content (w) (%) 4,49 
Consistency index (Ic) 1,70 

Plasticity index (Ip) (%) 21,15 
Normal Proctor test  

Optimum water content (Wopt) (%) 20,2 

Maximum dry Density )( dγ  )/( 3mg  1,53 
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Table 4. Geotechnical properties of materials for Mani 
Locality Geotechnical properties Numerical values 

Mani 

Plasticity of the base material  
Liquid limit (Ll) (%)  

Plasticity limit (Wp) (%)  
Water content (w) (%) 2,92 
Consistency index (Ic)  

Plasticity index (Ip) (%)  
Normal Proctor test  

Optimum water content (Wopt) (%) 10 
Maximum dry Density )( dγ  )/( 3mg  1,88 

 
Plasticity index: IP = WL-WP (1) 
WL designates the liquid limit and WP the plastic limit. 

Consistency index: IC= L

P

W W
I
−

 (2) IP designates the 

Consistency index. 

3.2. Chemical Characteristics of Dandi, Karal 
and Mani Soils 

Many of chemical parameters were studied, and to this 
end we drew up two tables, Tables 5 and 6, which give the 
proportions 1 and 2 of the chemical parameters in the 
three soil samples studied. 

Tables 7, 8 and 9 show the equilibrium ratios between 
Ca2+, Mg2+ and K+ cations and the CEC of Dandi, Karal 
and Mani soils respectively. 

Table 5. Proportions of some chemical elements present in the  
three soils 

Parameters Dandi Karal Mani Standards 
TOM (%) 0,655 0,617 0,519 3,6-6,5 
TC (%) 0,380 0,358 0,301 1,26-2,5 
TN (%) 0,036 0,041 0,029 ----------- 

C/N 11 9 10 11-15 

TP (ppm) 192 279 384 0,2-0,23 
(g.kg-1) 

AP (ppm) 2,02 5,50 9,72 3-8 

Legend: TOM: Total Organic Matter, TC: Total Carbon, TN:  Total 
Nitrogen, C/N:  Carbon on Nitrogen, TP: Total Phosphorus, AP: 
Assimilable Phosphorus  

Table 6. Proportions of some chemical elements present in the  
three soils 

Localities Dandi 
 Karal Mani Standards 

Parameters 
TP KT 478,00 494,00 324 3700 

E B 

Ca2+ 2,34 8,11 1,44 5-8 
Mg2+ 1,25 3,77 0,70 1,5-3 
K+ 0,87 0,37 0,67 0,15-0 ,25 
Na+ 0,61 0,25 0,05 0, 3-0 ,7 

SB S 5,07 12 ,50 2,86 7,5-15 
V V 38 51 26 60-90 

CEC T 13,34 24,50 11 10-20 

Sr 
pH-K 5,56 5,42 5,62 -------- 
pH-E 7,64 6,28 6,26 --------- 

Legend : TP: Total Potassium (mg/kg), EB: Exchangeable Bases 
(meq/100g), SB: Sum of Bases (meq/100g), V: saturation rate (%), Sr: 
Soil reaction, CEC: Cation Exchange Capacity (meq/100g), pH-K: pH-
KCl, pH-E; pH-eau, Ca2+:Assimilable calcium , Mg2+ :Assimilable 
magnesium, Na+ : Assimilable sodium , K+: Assimilable potassium 

The organic matter content is estimated by multiplying 
the percentage of organic carbon by the factor 1,724. 

Normative reference values [25-28]. The critical 
threshold value for total potassium is 3.7 g.kg-1 [29]. 

{ }NaKMgCaXNaKMgCaXS n ,,,,22 =+++== +++++∑   
and n = {1,2} 

S(meq/100g): Sum of «exchangeable bases». 
Saturation rate: 100(%) ×=

T
SV  (3) 

T(meq/100g): Cation Exchange Capacity (CEC). 
In the case of acid soils, an "Exchange Acidity Rate" or 

EAR is calculated, which in fact corresponds to a 
"desaturation rate": 
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×
−

=×=
T
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T
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Table 7. Equilibrium ratio between Ca2+, Mg2+, K+ cations and CEC 
in the soil of Dandi 

Locality Parameter 
Reports Values Standards Quantity 

Dandi 

Ca2+/Mg2+ 1,87 [2-9] Low 
K+/Mg2+ 0,69 [0,05-0,1] Very high 
Ca2+/K+ 2,68 ‹ 12 Low 
K+/CEC 0,065 ‹ 2 Very low 

(Ca2++Mg2+) 
/K+ 4,16 [12-15] Very low 

Table 8. Equilibrium ratio between Ca2+, Mg2+, K+ cations and CEC 
in the soil of Karal 

Locality Parameter 
Reports Values Standards Quantity 

Karal 

Ca2+/Mg2+ 2,15 [2-9] Normal 
K+/Mg2+ 0,09 [0,05-0,1] Normal 
Ca2+/K+ 21,91 › 12 Very high 
K+/CEC 0,015 ‹ 2 Very low 

(Ca2++Mg2+) 
/K+ 32,25 [12-15] Very high 

Table 9. Equilibrium ratio between Ca2+, Mg2+, K+ cations and CEC 
in the soil of Mani 

Locality Parameter 
Reports Values Standards Quantity 

Mani 

Ca2+/Mg2+ 2,057 [2-9] Normal 
K+/Mg2+ 0,95 [0,05-0,1] Very high 
Ca2+/K+ 2,14 ‹ 12 Low 
K+/CEC 0,06 ‹ 2 Very low 

(Ca2++Mg2+) 
/K+ 3,22 [12-15] Very low 

Reference values [29]. 
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4. Discussions 

Table 1 gives the GPS coordinates and average altitudes 
of the sites in the study area, which vary between 276 and 
285 m, with an average of 281.66 m. The altitudes of the 
sites are close to each other. 

Physical analysis: tables 2, 3 and 4 give the geotechnical 
properties of the Dandi, Karal and Mani soils respectively. 

Table 4 shows that the soil sample from Mani has 
Atterberg limits that cannot be measured, the clay content 
of this soil is low, and we were unable to roll the soil. This 
is consistent with the grading curve for the Mani soil in 
figure 1. This curve stands out from the others because of 
its shape, which begins close to the mesh opening axis. 
This soil has a very low clay content. 

Table 2, the Dandi soil has a plasticity index (PI) of 
4.75 or for 0 < PI < 5, the degree of plasticity gives a non-
plastic soil (the test loses its meaning in this value range) 
or, based on the classification of soils according to their 
plasticity index 1< PI <7, the soil is sandy. For the sample 
from Karal (Table 3), we have a plasticity index of 21.15, 
but for 15<PI<40, the degree of plasticity gives a plastic 
soil or, based on the classification of soils according to 
plasticity index values, 17≤PI, the soil is clayey. These 
last two soil samples show extensions of the plastic 
domain that are smaller than the material presented by 
[30], and we can also see that the Dandi and Karal PI 
frame those presented by [31]. 

Table 3 shows that the Mani soil sample has Atterberg 
limits that cannot be measured, and the agility of this soil 
is very low, making it impossible to roll the soil. this 
corroborates the particle size results obtained in Table 2. 

In addition, Dandi has a plasticity index (PI) of 4.75 or 
for 0 < PI < 5, the degree of plasticity gives a non-plastic 
soil (the test loses its meaning in this value range) or 
based on the classification of soils according to the 
plasticity index 1< PI < 7, the soil is sandy, for the sample 
from Karal, we have a plasticity index of 21.15, or for 15< 
IP< 40, the degree of plasticity gives a plastic soil or 
based on the classification of soils according to plasticity 
index values, 17≤IP, the soil is clayey. 

These two soil samples show extensions of the plastic 
domain lower than the material presented by [30], and we 
also see that the IPs of Dandi and Karal bracket those 
presented by [31].  

Chemical analysis: Table 6 gives us the following 
results: the total potassium, TK (mg/kg) of the three 
samples varies between 324 and 494 with an average of 
432. The total potassium levels obtained are low 
compared with the normative value, which is around 3700 
mg.kg-1. Karal has the highest level, 494 mg.kg-1, 
followed by Dandi (478 mg.kg-1) and Mani (324 mg.kg-1). 
Exchangeable bases (meq/100g): the Ca2+ content in the 
three samples ranged from 1.44 to 8.11, with an average of 
3.96. This average is low compared with the normative 
values, which range from 5-8 [29]. On the other hand, 
Karal had a content of 8.11 meq/100g, which is slightly 
higher than the norm, followed by Dandi (2.34 meq/100g) 
and Mani (1.44 meq/100g), which had low contents 
compared with the normative values. 

Mg2+ (meq/100g) in the three samples varies from 0.70 
to 3.77 with an average of 1.90, which is normal. On the 

other hand, Karal has a content of 3.77 meq/100g, which 
is slightly higher than the normative values [1.5-3]. Next 
comes Dandi with 2.34 meq/100g (normal content), then 
Mani with 0.70 meq/100g, a low content. 

The K+ content varies from 0.37 to 0.87 meq/100g, with 
an average of 0.63 meq/100g. This average is high 
compared with the normative values, which are in the 
range 0.15-0.25. Furthermore, Dandi (0.87 meq/100g) and 
Mani (0.67 meq/100g) have very high contents, while 
Karal has a slightly high content of 0.37 meq/100g. 

Na+ has a normative value range of 0.3-0.7 meq/100g 
[29], Na+ levels in the samples vary from 0.05 to 0.61 
meq/100g with an average of 0.30 meq/100g, a normal 
level. Dandi has a normal content of 0.61 meq/100g, Karal 
has a slightly low content of 0.25 meq/100g and Mani a 
very low content of 0.05 meq/100g. 

The sum of the S bases varies from 2.6 to 12.50 
meq/100g with an average of 6.81 meq/100g, which is 
below the critical thresholds of 7.5-15 meq/100g, Karal 
has a sum of the bases of 12.50 meq/100g, which is above 
the critical thresholds, the content of the Dandi sample is 
5.07 meq/100g, which is low, and that of Mani is 2.86 
meq/100g, which is very low. 

The saturation levels of all the samples are low 
compared with the normative values (Table 6). 

The pH is an indication of the general level of assimilable 
chemical elements in the soil and is directly related to the 
exchangeable cations and anions. It plays an important role in 
the mechanism for retaining or releasing nutrients. 

Table 6 gives us the following results by parameter: 
pH-water, the reading of the soil results shows that this 
parameter is around an average of 6.72 (neutral, ([6.6;7.4]) 
with a minimum of 6.26 (weakly acidic, ([6;6.6]) and a 
maximum of 7.64 (slightly alkaline, ([7.4;7.8]) [29]. 

The average pH-water values obtained are lower than 
those obtained in [32]. The pH-water of the soils analysed 
is comparatively higher than the pH-water obtained in the 
work of [33], while the pH-KCl varies between 5.42 and 
5.62 with an average of 5.52, which is higher than the pH-
KCl obtained by [14].  

The results of the analyses (Table 5) showed that the 
soil samples from the three sites had low levels of organic 
matter [0.519-0.655], compared with the work of [14], 
although these levels were better than the organic matter 
levels of [34]. 

The total nitrogen content (Table 5) varies in the range 
[0.029-0.041%] with an average of 0.035%. Karal has the 
highest content of 0.041%, followed by Dandi (0.036%) 
and Mani (0.029%), assimilable phosphorus varies from 
[2.02-9.72ppm] with an average of 5.74 ppm which is 
normal, while Mani has a level of 9.72ppm which is high, 
Karal has a level of 5.50ppm which is normal, while 
Dandi has a level of 2.02ppm which is low, taking into 
account the normative values. 

Total phosphorus varies from [192-384ppm] (Table 5) 
with an average of 285ppm, which is a little high. In 
addition, the total phosphorus content of the Dandi sample 
is 192 ppm, which is slightly below the norms, while 
Karal (279 ppm) and Mani (384 ppm) have levels that are 
above the normative values. 

The C/N ratios of the three soils vary from 9 to 11, with 
an average of 10, which is outside the norm, only Dandi 
has a normal content, which reflects the speed of 
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decomposition of the organic matter in these soils. These 
parameters (Table 5) are all lower than those obtained in 
the work carried out by [34]. CEC range from 11 to 24.50 
meq/100g, with an average of 16.28 meq/100g, which is 
normal. Dandi and Mani have normal CEC, but Karal has 
a high CEC (Table 6). 

Tables 7, 8 and 9 give the equilibrium ratios between 
the cations Ca2+, Mg2+, K+ and CEC of the soil samples 
studied from Dandi, Karal and Mani respectively. The 
different equilibrium ratios considered in this study are 
Ca2+/Mg2+, K+/Mg2+, Ca2+/K+, K+/CEC and 
(Ca2++Mg2+)/K+. 

The Ca2+/Mg2+ equilibrium ratio varies in tables 7, 8 
and 9 from 1.87 to 2.15 with an average of 2.02, which is 
normal. However, in Table 7, this value is 1.87, which is 
low; this result (Table 7) suggests that there is a slight 
deficiency of Ca2+ over Mg in the Dandi soil. 

 In Table 8, Ca2+/Mg2+ is 2.15, which is a normal value, 
so there is a balance between assimilable calcium and 
assimilable magnesium. This balance is also observed for 
the Mani soil sample (Table 9). 

The K+/Mg2+ ratio is high for the soil samples from 
Dandi (Table 7) and Mani (Table 9). In these soils, 
magnesium is deficient in relation to potassium, whereas 
the soil sample from Karal (Table 8) has a normal value. 

The Ca2+/K+ ratio is 21.91 in the Karal soil (Table 8), 
which is very high, potassium is deficient in relation to 
calcium, but the ratio is 2.14, less than 12, which is low 
for the Mani sample (Table 9). It is 2.68, lower than 12, 
and low for the Dandi sample (Table 7). Dandi and Mani 
have a low Ca2+/K+ ratio, whereas Karal has a high 
Ca2+/K+ ratio [33]. 

The K+/CEC ratios for the three soil samples are low 
(K+/CEC is less than 2) [33]. In tables 7 and 9, the soil 
samples from Dandi (4.16) and Mani (3.22) have low 
(Ca2++ Mg2+)/K+ ratios, whereas (Table 8) the soil sample 
from Karal (32.25) has a high ratio [29]. 

5. Conclusion 

The soils studied have slightly different grain sizes at a 
depth of 0-20 cm, leading to different plasticity indices, 
some of which are not even measurable. The pH-water 
values are all around neutral, and the organic matter 
content is not very appreciable in most cases, whereas the 
C/N and CEC values are. The nutrient balance reveals 
mineral deficiencies and excesses, including Ca2+ 
deficiencies in the Dandi and Mani samples and total 
carbon deficiencies in all three samples, as well as an 
excess of Mg2+ in the Karal sample and an excess of K+ in 
all three samples. Overall, the soil sample from Karal has 
better physico-chemical characteristics than the others, 
followed by the sample from Dandi, and in third place the 
sample from Mani. 

References 
[1] S. DURY ET AL., « Production agricole et sécurité alimentaire en   

Afrique de l’Ouest ». Cah. Agric. 2017,26,61001- EDP Sciences 
2017-10.1051̸ agri ̸ 2017047 (2017). 

[2] E.W. PONGOMBO SHONGO, L’autosuffisance alimentaire en  
Afrique noire est possible. Cahiers Agricultures, (1997) ; 6 :195-7. 

[3] SOULEYMANE NOUREINI SAYOUTI, ABDELKADER AIT 
EL MEKKI, Le plan Maroc vert et l’autosuffisance alimentaire en 
produits de base à l’horizon 2020. Alternatives Rurales (3). www. 
Alternatives-rurales.org.Octobre(2015). 

[4] BOUREIMA TRAORE, effet des techniques de gestion de la 
fertilité sur le sol et sur les systèmes de culture à base de mil dans 
la région de Mopti au Mali, Thèse, Université de Bamako, Faculté 
des Sciences et Techniques, 20 juin (2009). 

[5] ASIMI SALAWU, Influence des modes de gestion de la fertilité 
des sols sur l’activité microbienne dans un système de cultures de 
longue durée au Burkina-Faso », Thèse, Université Polytechnique 
de Bobo-Dioulasso, (2009). 

[6] AMIR SIDO YACOUBA, GUERO YADJI, MELLA MAMANE 
TCHICAMA ET NOUROU ABDOURAHAMANE ISSA, 
Caractérisation des sols de Guillé Koira et Lassourou dans les 
communes rurales d’Imanan et Tondikandia au Niger pour une 
meilleure culture de riz autour des mares » Int. J. Biol. Chem. Sci. 
12(6) :2474-2485, ISSN 1997-342X (Online), ISSN 1991-8631 –
(Print), Décembre (2018). 

[7] NYEMBO KIMUNI LUCIENS, USENI SIKUZANI YANNICK, 
CHINAWEJ MBAR MUKAZ DIEUDONNE, KYABUNTU 
ILUNGA DIEUDONNE, KABOZA YAMBAYAMBA, 
MPUNDU MUBEMBA MICHEL, BABOY LONGANZA 
LOUIS, Amélioration des propriétés physiques et chimiques du 
sol sous l’apport combiné des biodéchets et des engrais minéraux 
et influence sur le comportement du maïs (Zea mays L. Variété 
Unilu). J. Appl.Biosci. (2014). 74 :6121-6130. ISSN 1997-5902. 

[8] NYEMBO KIMUNI LUCIENS, USENI SIKUZANI YANNICK, 
MPUNDU MUBEMBA MICHEL, BUGEME MUGISHO 
DAVID, KASONGO LENGE EMERY, BABOY LONGANZA 
LOUIS « Effets des apports des doses variées de fertilisants 
inorganiques (NPKS et Urée) sur le rendement et la rentabilité 
économique de nouvelles variétés de Zea mays L. à Lubumbashi, 
Sud-est de la RD Congo ». Journal of Applied Biosciences 
59 :4286-4296. (2012) ISSN 1997-5902. 

[9] PIERI CHRITIAN, Fertilité des terres de savanes. Bilan de trente 
ans de recherche et de développement agricoles au sud du Sahara. 
Montpellier : CIRAD-IRAT, 452 p. ISBN 2-87614-024-1. (1989). 

[10] AZIABLE ETSE, TCHEGUENI SANOUKA, SABI KOKOU, 
BADJONA B. MAGNOUDEWA, DJAHINI KOKOU, KILI A. 
KOFFI TCHANGBEDJI GADO, BADA GNON.  Étude de la 
disponibilité du phosphore assimilable des composants de déchets 
urbains dans deux sols différents. European scientific Journal 
February (2014) edition Vol.10. No.6 ISSN: 1857-7881 (print) e-
ISSN 1857-7431. 

[11] NYORE, ALI MADI, MOHAMED GAFSI ET YAKOUBA 
OUMAROU, Déterminants de l’adoption de l’arbre comme 
fertilisant par les exploitations agricoles familiales dans les 
agrosystèmes du Nord Cameroun, Afrique SCIENCE 22(6) (2023) 
79-90. ISSN 1813-548X, http ;//www.afriquescience.net. 

[12] SALIF KANTE, Gestion de la fertilité des sols par classe 
d’exploitation au Mali-sud. Thèse Wageningen Université, ISBN 
90-5808-569-4 (2001). 

[13] A. PERNES-DEBUYSER ET D. TESSIER, Influence de matières 
fertilisantes sur les propriétés des sols. Etude et Gestion des sols, 
Volume 9, 3, (2002) -pages 177 à 186. 

[14] MAURICE OGNALANGA, DAGLIH MESSA M’AKOUE, 
SAMSON DAUDET MEDZA MVE, PAUL ONDO OVONO.  
Effet de la bouse de vaches, du PNK 15 15 15 et de l’urée à 46% 
sur la croissance et la production du manioc (Maniho esculenta 
Crantz var 0018) au Sud-Est du Gabon (Franceville) . Journal of 
Animal & plant sciences, (2017). Vol. 31, Issue 3: 5063-5073. 
Publication date 31/01/2017, http://www.m.elewa.org/JAPS;ISSN 
2071-7024. 

[15] AZIZ KPERA, CHRITOPHE BERNARD GANDONOU, 
ANDRE BOYA ABOH, SAVIN GANDAHO, LEOPOLD 
SIMPLICE GNANCADJA.  Effet de différentes doses de bouse 
de vache, d’urine humaine et de leur combinaison sur la croissance 
végétative et le poids des fruits de l’ananas (ananas comosus (L.) 
Merr.) au sud Benin. Journal of Applied Biosciences 110: 10761-
10775. ISSN (1997)-5902. 

[16] FRANÇOIS BIGORRE, Influence de la pédogénèse et de 
l’usage des sols sur leurs propriétés physiques. Mécanismes 
d’évolution et éléments de prévision. Thèse, Université Henri 
Poincaré-Nancy 1, (2000). 

[17] BLANCHARD MELANIE, Gestion de la fertilité des sols et rôle du 
troupeau dans les systèmes coton-céréales-élevage dans le Mali-Sud. 

 



 American Journal of Materials Science and Engineering 41 

Thèse, Université Paris-Est, Créteil Val de Marne (2010). 
[18] GANRY FRANCIS. Utilisation des engrais marqués dans la 

fertilisation des légumineuses. Recherche d’une meilleure 
efficacité de l’engrais et d’une meilleure efficience de la fixation. 
Mission à Vienne (France) Autriche 11-16 février (1973). 

[19] TRAORE M.F. Etude de la fumure minérale azotée intensive des 
céréales et du rôle spécifique de la matière organique dans la 
fertilité des sols au Mali. L’Agronomie Tropicale. Série 2, 
Agronomie Générale. Etude Techniques, 29 (5): 567-586. (1974). 

[20] S. MIKO AND A.A. MANGA. Effect of intra-spacing and 
nitrogen rates on growth and yield of sorghum (Sorghum bicolor l.) 
Var.icsv 400. pat (2008); 4(2): 66-73 ISSN: 0794-5213. Online 
copy avalable at www.patnsukjournal.com/currentissue. 

[21] ARMEL B. LAIBI, MOUSSA GOMINA, BRAHIMA SORGHO, 
ETIENNE SAGBO, PHILIPPE BLANCHART, MOHAMED 
BOUTOUIL ET DOMINIQUE K.C. SOHOUNHLOULE, 
Caractérisation physico-chimique et géotechnique de deux sites 
argileux du Bénin en vue de leur valorisation dans l’éco-
construction, Int. J. Biol. Chem. Sci. 11 (1) : 499-514. February 
(2017). ISSN 1997-342X (Online). ISSN 1991-8631 (Print).  

[22] FRANÇOIS OUEDRAOGO, Etude des transferts d’eau à 
l’interface sol-atmosphère, cas d’un sol du Burkina Faso à faible 
teneur en eau. Thèse, Université de Montpellier 2. (2008). 

[23] D. TOUHTOUH, Y. MOUJAHID, E.M. EL FALEH, R. EL 
HALIMI, Caractérisation physico-chimique de trois types de sol 
du saï, Maroc. J. Mater Environ. Sci 5(5) (2014) 1524-1534. 
ISSN :2028-2508 CODEN : JMESCN. 

[24] BUOL, S.W., SOUTHARD, R.J., GRAHAM, R.C., MC DANIEL, 
P.A., (2011b). Soil genesis and classification. John Wiley § sons. 
13: 978-0-8138-0769-0. 

[25] HOWELER, R.H., Diagnosis of nutritional disorders and soil 
fertility maintenance of cassava. Tropical Tuber Crops: Problems, 
Prospects and Future Strategies. Oxford and IBH Publishing Co., 
New Delhi, India 181-193 (1996). 

[26] HOWELER, R.H., Nutrient Inputs and Losses in Cassava-based 
Cropping Systems. Examples from Vietnam and Thailand. 
Southeast Asia 20, 22. (2001). 

[27] GIROUX, M., AUDESSE, P, Comparaison de deus méthodes de 
détermination des teneurs en carbone organique, en azote total et 

du rapport C/N de divers amendements organiques et engrais de 
ferme. Agrosol 15, 107-110. (2004). 

[28] DOUCET, R., Le climat et les sols agricoles, ed. Berger, Eastman, 
Québec, xv, 443. (2006). 

[29] C.S.A. BALLOT, G. MAWUSSI, W. ATAKPAMA, M. MOITA-
NASSY, T.M. YANGAKOLA, I. ZINGA, SILLA S., 
KPERKOUMA W., G. DERCON, KOMLAN B. et KOFFI A, 
Caractérisation physico-chimique des sols en vue de 
l’amélioration de la productivité du manioc (Manihot esculenta 
Crantz) dans la région de Damara au centre-sud de Centrafrique. 
Agronomie Africaine 28(1) : 9-23 (2016). 

[30] SAYOUBA KABRE ET AL., Evaluation des propriétés thero-
hydro-mécaniques des briques en terre compressée (BTC) issues 
de la carrière de Matourkou, au Burkina Faso. Université Ouaga 1 
Pr J-KI ZERBO, UFR/SEA, Département de Physique, 
Laboratoire des Matériaux et Environnement (LA.M. E), BP 7021 
Ouagadougou, Burkina Faso (2019).  

[31] MAHAMADOU SOULEY ISSIAKOU, Caractérisation et 
valorisation des matériaux latéritiques utilisés en construction 
routière au Niger. Thèse, Université de Bordeaux (2016). 

[32] FADWA RAFIK, NAJIB SABER, FATNA ZAAKOUR, HAJAR 
MOHCINE KAOUTAR MOUSTARHFER, CHAKIB 
MARRAKCHI.  Caractérisation physico-chimique et estimation 
de la stabilité structurale des sols agricoles de la région de Sidi 
Rahal, Sahel (Chaouia côtière, Maroc). European Scientific 
Journal September (2015) édition Vol.11, No. 27 ISSN : 1857-
7881 (Print) en e-ISSN 1857-7431. 

[33] AKASSIMADOU ET YAOU-KOUAME. J. APPLI.BIOSCI.  
Caractéristiques morpho-pédologiques et potentiels d’un sol de 
basfond secondaire developpé sur granit-gneiss en région de 
savane guinéenne (centre de la Côte d’Ivoire). Journal of Applied 
Biosciences 79 : 6968-6982 ISSN 1997-5902. (2014). 

[34] SAMUEL OUOBA, ALFA OUMAR DISSA, MOUSSA 
SOUGOTI, FABIEN CHERBLANC, JEAN-CLAUDE BENET 
ET JEAN KOULIDIATI. Détermination d’une couche 
superficielle de sol favorable au transfert du Trichloréthylène 
(TCE) vers l’atmosphère. Afrique SCIENCE 10(3) (2014) 60-72. 
ISSN 1813-548x, http:// www.afriquescience.info. 

 

 
© The Author(s) 2023. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


