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Abstract 

In order to the conservation of soil resources and the preservation of water and 

biodiversity, the study of the variation of soil erodibility according to physico-

chemical and biogeographical parameters in Allal Al Fassi watershed is of great 

importance. The measurement of soil erodibility according to the Wischmeier and 

Smith model requiring a series of physico-chemical analyses of several intrinsic soil 

parameters (texture, structure, permeability, organic matter content, etc.) is performed 

on 9 transects with 150 samples. The first, the results are combined with the 

biogeographical parameters of the soils (slope, pedology, lithology and land use) and 

then are submitted to a multivariate statistical analysis, were able to highlight both the 

qualitative and quantitative characteristics of the watershed. Soil erodibility in Allal 

Al Fassi watershed is moderately strong, ranging from 0.05 to 0.38 t. ha. h. ha-1MJ-

1.m-1. Statistical analysis shows that soil erodibility (K) is closely related to texture, 

organic matter content and especially land use. It is more important in farmland, 

unlike soils occupied by matorral. Soils become more erodible when the silty fraction 

dominates and clay and organic matter levels decrease. 
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1. Introduction 

Human activity has caused a sharp increase in the erosion rate of natural and agricultural soils, by destroying over time 

the balance between their formation and stability. The gradual decrease of soil resources, consequence of this 

destruction, has been the origin of the decline of historical civilizations [1]. Global annual soil losses are estimated at 

35.9 billion tons for year 2012 [2,3]. The Mediterranean region is particularly subject to soil erosion due to its climate. 

It is submitted to long dry periods followed by heavy erosive rains, on steep slopes and few developed and fragile 

soils. In some parts of the Mediterranean region, erosion has reached an irreversible stage and in others parts no soil 

remains [4]. Soil erosion is one of the main environmental problems affecting the sustainability of Mediterranean 

agro-forestry systems [5,6,7]. The intensity of water erosion, sediment producer, is influenced by the characteristics of 

watershed parameters such as lithology [8], relief [9,10], climate and vegetation [11]. The variation and interaction of 

these causal parameters of soil water erosion affect the pedological heritage, often with serious socio-economic and 

ecological consequences. This effect results in stripping of the organo-mineral layer of the soils leading to a significant 

decrease in fertility [12,13] and an enrichment of restraint with sedimentary inputs, downstream, followed by a 

progressive reduction in their useful volume often leading to their filling up and death. Cumulative sediment inputs 

can also have an impact on water quality, mainly when they are loaded with nutrients, causing eutrophisation 

[14,15,16], on biodiversity and clogging of the wadi bed downstream of dams during emptying [17,18]. In Morocco, 

the protection of watersheds through the fight against water erosion became then one of priorities of the Office of 

High Commissioner for Water and Forests and Fight against Desertification [19]. The latter has set 1.5 million 

hectares as a priority and urgent tranche to be treated by 2020, including the Allal Al Fassi watershed upstream of the 

restraint. After dam’s construction on the upper course of Oued Sebou and in a watershed with a climatic context 

ranging from semi-arid to humid, under the influence of thunderstorm flow, the restraint’s Allal Al Fassi has suffered 

the combined effects of nature and human activities. By opting for the problem to which the watershed is subject, the 

objective of this study is to determine the causal parameters responsible for water erosion and to analyse their 

interactions in order to have visibility on siltation rate of restraint. The physico-chemical and biogeographic 

parameters of the soils are integrated in the understanding of the variation in erodibility (K), calculated using the 

revised universal soil loss equation (RUSLE) [20]. The combination of the model with Geographic Information 

System tools (ArcGIS) allows the precise spatialization of soil erodibility over large areas [21,22,23] and contributes 

significantly to soil conservation management, erosion control and general watershed management [24]. The whole is 

subjected to multivariate statistical analysis to apprehend the combinations and interactions between the different 

parameters in the erodibility process. 

 

1. Materials and methods 

2.1. Presentation of Allal Al Fassi watershed 

The watershed of Allal Al Fassi, on the upper course of Oued Sebou, constitutes one of its subwatersheds upstream 

and covers the provinces of Boulemane, Sefrou, Taza and Ifrane on an area of 5352 Km2 (Figure 1). The Allal Al 

Fassi watershed lies entirely in the Middle Atlas chain. The geological formations are diversified, from Paleozoic to 

Quaternary age, with predominance of Lias limestones and dolomites [25,26]. It is considered as an altitude zone, 

where 88% of the total area is above 1000m with an average of 1549m, having a mountain peak located at 2959m and 

an outlet of 344m. The majority of its lands has a slight to moderate slopes, around 84% of the watershed has a slope 

less than 14%. Its compactness index which is about 1.77 shows that’s well drained. It’s the combination of Oued 

Guigou, Oued Zeloul and Oued Maaser, which are the main sustainable streams thanks to the contribution of water 
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ressources such as Ain Sebou, Ain Timerdine and Ain Ouender.  Many bioclimatic stages co-exist in Allal Fassi 

watershed varying from humid with cold winter to semi-arid. Such variety brings a diversity in plant species 

consisting mainly of holm oak (Quercus rotundifolia), cedar (Tetraclinis articulata), red juniper (Juniperus phoenicea), 

Atlas cedar (Cedrus atlantica) and Aleppo pine (Pinus halepensis) [19]. 

 

 

Figure 1: (A) Location of the Allal Al Al Fassi watershed in Morocco. (B) Sebou watershed. (C) Land use in the Allal 

Al Fassi watershed (2019). (D) Pictures of the main land uses in the study watershed (1) Matorral in the Ahermoumou 

site, (2) Steppe in the Serghina site, (3) Uncultivated land in the Imouzzer Marmoucha site, (4) Farmland in the M’Dez 

site. 
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2.2. Sampling 

The erodibility factor K, calculated according to the revised universal soils losses equation RUSLE, is one of five 

factors which are related to climate, soil, topography, vegetation and management. This study focuses on the 

erodibility factor K [20] and the physicochemical and biogeographic parameters of soils (Figure 2). To achieve, nine 

sampling transects have been chosen to be representative of the entire watershed (Timahdite, Ahermoumou, 

Immouzzer Marmoucha, Serghina, Taarart, M'Dez, Tighboula and El Menzel). This resulted in 150 samples. In the 

field, the sampling strategy was based on a transect approach where the samples were spaced 5 or 10 meters aligned 

along steepest slope and direction of water flow in order to follow its action on the soil surface. Samples are taken at a 

depth of 15 to 30 centimetres, using an auger consisting of a T-handle connected by an extension to a steel cylinder 

seven centimetres in diameter and thirty centimetres in height.  

 
 

Figure 2:Flowchart of K erodibility calculation by the RUSLE method 

 
 

Figure 3:Materials and methods for the preparation and physico-chemical analysis of soil samples. 
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The cylinder is driven manually into the ground in a clockwise rotational movement. Once it has been pushed in along 

its entire length, if substrate is not reached, it is removed and the sample is packed in appropriate containers (plastic 

bags). Some samples are subdivided according to depth into five sub-samples. The samples are observed and 

described in the field (including grain size, structure and colour). In laboratory, the samples taken are first dried in the 

open air, weighed and then sieved using an electric sieve shaker and a 2 mm mesh sieve to separate the fine fraction 

from the coarse fraction. For physico-chemical analyses, the fine fraction recovered is dried in an oven at 100°C for 24 

H, crushed using an electric mill and homogenised by an electric homogeniser (Figure 3). 

 

2.3. Physico-chemical analyses   

Particle size analysis, content of organic matter and carbonates dosage and pH and electrical conductivity 

measurement were carried out on the fine fraction (≤ 2mm). The laser diffraction particle size analyzer 

ANALYSETTE 22 NanoTec was used to determine the grain size. The pH and electrical conductivity were measured 

using a Consort-C562 multi-parameter. Before measuring pH, the soil samples were dissolved (10g of sample in 25 ml 

distilled water) and stirred with a glass rod for one minute to form a soil suspension that was suitable for measuring 

the concentration of dissociated H+ ions in the supernatant liquid [27]. For measurement of electrical conductivity, 

10g of each sample is dissolved in 100ml of distilled water and stirred with a magnetic stirrer for 2 hours. This allows 

the entire sample to be suspended and achieves an equilibrium between the solid and liquid phases. The solution is 

then left to stand for half hour before measurement [28]. Carbonate content is determined using Bernard's calcimeter 

[29], which measures the volume of carbon dioxide (CO2) released by the action of hydrochloric acid (HCl) on the 

calcium carbonates (CaCO3) contained in the soil sample. Dosage of organic matter content is based on carbon 

dosage, one of its most important constituents. The latter is determined by the Walkley-Black [30] method, which 

assumes that potassium dichromate oxidizes the carbon in the soil. The potassium dichromate changes colour 

according to the quantity of reduced products. This colour change can be compared to the quantity of organic carbon 

present in the soil (Figure 3). The results of physico-chemical analyses (organic matter content, percentages of sands 

and silts) allowed to calculate the erodibility K (Table 1). It is calculated according to the equation of Wischmeier and 

Smith [31] where M is the percentage of silts and fine sands, M0 is the percentage of organic matter, Ss is the soil 

structure code and P is the soil permeability code (Figure 4). The erodibility K equation was adjusted by Dumas [32] 

to correct for some imperfections, especially reduction of runoff energy. Where K is erodibility factor calculated by 

Wischmeier and Smith [31] and X is percentage of coarse elements greater than 2mm (Figure 4). 

 

 
 

Figure 4: Equations for calculating erodibility K. 
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2. Results and discussions 

Soils in Allal Al Fassi watershed are classified in 10 different classes (entisols, aridisols, vertisols, mollisols, 

inceptisols, alfisols, C1 complex, C2 complex, C3 complex, and C4 complex). The resulting soil map was digitized 

from the map produced by the High Commissioner for Water and Forests and Fight against Desertification [19] and 

corrected from bibliographic data [33,34] and field data (Figure 5). From erodibility calculate of the different soil 

samples of each transect, an adjusted K value is assigned to each soil class in the watershed (Figure 4). Knowing that 

expresses the susceptibility of each soil class to particle detachment and transport, it ranges from 0.05 to 0.38 with 

value 0 for the soils least susceptible to water erosion and value 0.38 for the most susceptible soils. The distribution of 

soil erodibility allowed to highlight erodibility classes over the entire watershed area. 22.24% of the latter is occupied 

by soils with low erodibility (0.051-0.185), 19.15% is occupied by soils with medium erodibility (0.185 - 0.278) and 

34.61% is occupied by soils with high (0.278 - 0.316) to very high erodibility (0.316 - 0.380) (Figure 6). According to 

nature and structure of soils in the watershed, the lowest erodibility value corresponds to structured and evolved soils 

(vertisols, alfisols and mollisols) and the highest value corresponds to less structured and few evolved soils (entisols, 

Aridisols and C2 and C3 complexes). 

 

 

Table 1: Characteristics and K-adjusted erodibility of some soil samples from the Allal Al Fassi watershed 

Echantillon 
Clay 

% 

Silt 

% 

Sand 

% 
Texture 

F<2mm 

% 

F>2mm 

% 

O.M. 

% 

Code 

P 

Code 

Ss 
K 

K 

ajusted 

TIM-E1 32,1 66,5 1,4 
Fine silt-

clay 
83,63 16,37 2,29 6 2 0,37 0,262 

TIGH-E1 21,3 68,6 10,1 Fine silt 62,69 37,31 1,47 3 2 0,40 0,167 

SEGH-E1 26,7 64,8 8,5 Fine silt 95,57 4,43 0,65 3 2 0,38 0,339 

MNZ-E1 24,1 69,6 6,3 Fine silt 92,85 7,15 2,70 3 4 0,41 0,351 

MDZ-E1 13,0 71,8 15,2 Fine silt 67,51 32,49 1,87 3 2 0,46 0,218 

IMZM-E1 37,2 58,6 4,2 
Fine silt-

clay 
61,84 38,16 1,18 6 3 0,37 0,151 

TAAR-E1 17,3 72,0 10,7 Fine silt 77,22 22,78 0,63 3 2 0,49 0,294 

AHER-E1 30,1 66,9 3,0 
Fine silt-

clay 
88,00 12,00 2,26 6 3 0,42 0,325 

R-AHER1 30,1 66,9 3,0 
Fine silt-

clay 
95,48 4,52 3,02 6 3 0,40 0,357 

R-IMZ1 35,9 60,6 3,5 
Fine silt-

clay 
60,62 39,38 1,36 6 3 0,39 0,150 

R-TAAR1 20,1 69,2 10,7 Fine silt 99,61 0,39 0,64 3 3 0,50 0,469 

R-MNZ1 22,7 70,1 7,2 Fine silt 90,72 9,28 3,09 3 3 0,37 0,305 

R-TIGH1 22,7 67,6 9,7 Fine silt 55,20 44,8 1,38 3 3 0,43 0,141 

R-SEGH1 28,5 66,9 4,6 
Fine silt-

clay 
99,10 0,9 0,17 6 3 0,50 0,483 

R-TIM1 32,0 65,9 2,1 
Fine silt-

clay 
83,36 16,64 2,31 6 3 0,40 0,281 

R-MDZ1 12,8 69,8 17,4 Fine silt 56,59 43,41 1,82 3 3 0,48 0,168 
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Figure 5: Soil map of Allal Al Fassi watershed. 

 

3.1. Soil erodibility according to physico-chemical and bio-geographical parameters 

The analyses results carried out in the laboratories are used to understand the actions, correlations and combinations of 

factors on soil erodibility in Allal Al Fassi watershed. Grain size analysis allowed the proportion of fine fraction 

(≤2mm) to be determined, which varies between 35.33 and 99.87% with an average 83.45%, and the calcimetry 

indicated a CaCo3 content that varies between 14.81 and 71.07%. The majority of soil samples (70.86%) have a fine 

silt texture with an average silt content of 65.06%. 20.47% of the samples have a silt-clay texture, 7.08% have a 

sandy-clay texture. Organic matter contents are low and vary between 0.02 and 5.09%. The soils are generally neutral 

with basic tendencies and a high cation exchange capacity (Table 2). Soil erodibility in the watershed shows a perfect 

but opposite correlation, positive with fine fraction (r=0.83) and negative with coarse fraction (r=-0.38). It should be 

noted that few physico-chemical soil parameters show a significant correlation with K erodibility. This is positively 

correlated with the percentage of silts (r=0.36), if silts content increases the erodibility increases. If the effect of clays 

(r=-0.46), organic matter (r=-0.12) and CaCO3 (r=-0.16) is associated, erodibility is negatively correlated, and if their 
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rates increase, erodibility decreases, which evokes in the first place the effect of organo-mineral complex in the 

structure and maintenance of the intrinsic balance of soils and resistance to the effects of water erosion (Figure 7). 

 

 

Figure 6: Soil erodibility map of Allal Al Fassi watershed. 

 

 

Table 2: Summary statistics of physico-chemical parameters and soil erodibility in Allal Al Fassi watershed. 

 

 

Slope 
pH EC 

Clays Silts Sands CaCO3 OM F<2mm Density 
K ajusté 

% % % % % % % g /cm3 

Average 9,92 8,05 279,58 25,94 65,06 9,00 40,25 1,90 83,45 1,17 0,28 

Standard deviation 5,32 0,50 168,72 9,93 9,75 7,40 13,16 1,07 13,93 0,42 0,09 

Coeff. of variation (%) 53,67 6,2 60,35 38,3 15 82,2 3,27 5,6 16,69 35,71 3,37 

Minimum 0 7,09 114 12,8 3 0,1 14,81 0,02 35,33 0,10 0,05 

Maximum 21,34 9,32 1296 94,90 81,20 35,80 71,07 5,09 99,87 2,38 0,48 
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Figure 7: Correlation matrix of erodibility K with physico-chemical parameters and slope of soils in Allal Al Fassi 

watershed. 

 

Soil texture shows significant variances with K erodibility. The fine fraction weighs significantly on erodibility, more 

the fine fraction is abundant more the erodibility is important. The percentage of clays also shows significant variances 

with the erodibility, the higher percentage of clays corresponds to the lower erodibility. This evokes their role of 

cement wich play in the microaggregates, constituents of soil structure and responsibles for their stability, due to their 

high cation exchange capacity which conditions reactivity with humic substances [35]. Silty soils are the most 

sensitive to erodibility, particularly those that are poor in clays and organic matter [36] (Figure 8). The variance of 

erodibility K according to soils organic matter content shows that they are negatively correlated. Erodibility is greater 

for low organic matter contents, which explains the effect of organic matter in the formation of organo-mineral 

complexes [37] that stabilize soils and oppose water erosion [38,39,40,41]. The apparent density of soils significantly 

affects erodibility, which increases for less dense soils. Knowing that as they develop and evolve, soils become more 

structured and have fewer voids and so more denser and more resistant to water erosion [42] (Figure 8). The ANOVA 

results show significant differences in erodibility for the three properties, texture, land use and lithology. It is thus 

modest on soils under matorral and farmland while it is significant on soils under steppe and uncultivated soils. 

Erodibility becomes more important in the case of sols in fine silty texture, soils occupied by steppe or farmland, and 

soils on alternating marl and sandstone substrates (Figure 9). Soils become less erodible when the silty fraction 

decreases, compared to the different proportions of the sandy and clay fractions, which is theoretically most vulnerable 

to water erosion [43]. Knowing that this vulnerability begins with the rebounding of particles under the action of rain 

"splash effect" [44,45], then by the closure of structural porosity [46] and finally by the redistribution of fine particles 

by runoff and sedimentation in flapping laminates. The fine fraction and clay contents present totally opposite effects 

to erodibility, given that the second is included in the first. The clay content decreases erodibility, the silt content 

increases erodibility and the sand content remains in an intermediate situation. 
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Figure 8: Variance of erodibility according to physico-chemical parameters of the soils in Allal Al Fassi watershed. 
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Figure 9: Variance of erodibility according to soil texture, land use and lithology in Allal Al Fassi watershed. 

 

The soil erodibility is lowered under the effect of the contents of organic matter and CaCO3. The latter mainly 

resulting from the precipitation of carbonates in solution during repeated infiltration of rainwater through the soil, 

participates in the cohesion of particles. The soils density which theoretically is the result of arrangement and cohesion 

of clays, silts, sands, organic matter and CaCO3, reduces erodibility when its value is high. However, it should be 

noted that the indifference of pH and EC parameters on erodibility. In the case of types of land use, erodibility 
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decreases on agricultural and under matorral soils. The soils on limestone substrate and / or yellow marl or on 

alluviums are most protected in Allal Al Fassi watershed (Figure 9). 

 

3.2. Variations of soil parameters and erodibility according to land use 

Three types of land use are selected to analyse variations in the physico-chemical parameters and soil erodibility 

(Figure 10). Among these land uses are soils under matorral where erodibility is relatively low compared to those on 

farmland or uncultivated soils. This is logical because plants protect soils from the mechanical effect of rainfall and 

provide litter that protects them on the surface and humifies them at depth. Whereas cultivated or uncultivated soils 

without vegetation are affected by the rains and organic matter accumulates in small quantities. Cultivated soils are 

also characterised by successive labours which homogenise the soil profile. pH which depending of antagonistic 

effects of CaCO3 rate in this generally calcareous environment and of organic matter rate, is relatively neutral for sub-

matorral soils, which tends to be basic for cultivated soils. To this added that of the organomineral complexes 

responsible for the cationic exchanges which are well manifested in soils under matorral [47]. 

The rates of fine fraction and clays in the three cases of land use show no more significant differences. However, it 

should be noted that slight decrease and increase respectively in the rates of fine fraction and clays are the result of 

successive labours which exposes the various constituents to water erosion and mainly the silty fraction. 

  

Figure 10: Variations in erodibility and some soil parameters under three land uses. 

 

3.3. Main parameters variations according to depth and some land uses 

In this case, it been chosen fine fraction, clay and organic matter contents and pH as parameters and farmland, 

uncultivated soils and soils under steppe as land cover. In farmland, soils characterized by labours during the year 

which destroy structure and disrupt different horizons, the fine fraction content remains constant independent of depth. 

Unlike uncultivated soils where the fine fraction is greater on surface, in the upper horizons (from 0 to 10 cm), which 

could be due either to surface compaction by pastoralism, or to disrupt followed by sedimentation in flapping 

laminates during water erosion. In the case of soils under steppe safe from human actions, the distribution of fine 

fraction along the profile is not constant but moderate. Where it is high, it could indicate an accumulation horizon. The 
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organic matter content is slightly higher for understeppe soils than for uncultivated ones, mainly due to the presence of 

vegetation, unlike cultivated soils which are weak. In the top part which contains enough organic matter could be 

witness the horizons differentiation of the soil profile. In contrast to cultivated soils where there is no trend in clay 

content, understeppe and uncultivated soils have slightly increasing clay contents in depth. This is probably due to the 

relative stability of soil profiles marked by vertical leaching during rainfall followed by clay accumulation.  Overall, 

pH value of the soils of Allal Al Fassi watershed located in a carbonate environment should be basic and would only 

decrease in the presence of organic matter. In case of the two types of unplowed soils, this trend is marked in their 

upper parts (Figure 11). 

 

  

Figure 11: Evolution of some parameters according to depth of soil under three land uses 

 

3.4. Transect Ahermoumou  

As mentioned above, the study of physicochemical and biogeographic parameters of the soils of Allal Al Fassi 

watershed is based mainly on the results of transect analyzes. Ahermoumou transect is one of nine transects that can 

be representative. It was carried out along a north facing slope with a moderate and irregular slope (average slope of 

15%) and covered with mollisols. The transect ends in the North in an alluvial plain. 18 soil samples are taken there in 

three types of land use, from number 1 to number 11 are under matorral, from number 12 to number 15 in farmland 

soil and from number 12’ to number 14’ in uncultivated soil (Figure 12). The grain size analysis of fine fraction 

(≤2mm) of soil samples from Ahermoumou transect, shows irregular and sinuous variations in particular the 

percentages of fine fraction, clays, silts and sands.  
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Figure 12: Situation of soil samples along Ahermoumou transecs. 

 

The percentage of clays presents a peak (95%) for Aher8 sample at the expense of silts percentage (3%), which agrees 

with a slight drop in organic matter percentage and a drop in erodibility K. This is due to the presence of flat at Aher8 

sampling site, facilitating the accumulation of clays and probably the action of pedogenesis (Figure 13). The curve of 

organic matter percentage shows that the percentage is higher in soils samples under matorral than those in farmland 

soils or uncultivated soils. It decreases with altitude from Aher1 sample (2.26%) to Aher10 sample (5.09%) and drops 

to Aher12 sample (1.91%). This drop of organic matter percentage could be due to a change of land use type 

(matorral, farmland or uncultivated soil), to a variation of density of plant cover (in matorral, number of shrubs feet 

per surface) and to a change of substrate (mollisols on limestones under matorral and farmland soils or uncultivated 

soils on alluvial deposits). Knowing that the apparent density of soils expresses its structure and porosity, in particular 

its aggregation and adhesion [48]. In Ahermoumou transect, the apparent density of different soil samples is relatively 

high for farmland soils compared to soils under matorral or uncultivated soils. These samples have a particular 

composition which could justify this increase which is manifested by a clay content of around 30%, a silt content of 

65% and a very small amount of organic matter 
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Figure 13: Parameters and erodibility of each soil sample of the Ahermoumou transect. 

 

 

3. Conclusion 

The study of soil erodibility according to physicochemical and biogeographic parameters in Allal Al Fassi watershed 

allowed to raise several questions, in which answers are understand this erodibility phenomenon in a context that is 

both natural and subject to human action. The K erodibility calculation of different soil samples, using the revised 

universal soils losses equation RUSLE, contributed to attribution an adjusted K value for each soil type. It varies 

between 0.05 and 0.38 t. ha. h. ha-1MJ-1.m-1 depending on nature and structure of soils, it is low for structured and 

evolved soils (vertisols, alfisols and mollisols) and high for less structured and disrupt soils (entisols, aridisols and C2 

and C3 complexes). From the combinaison of the erodibility calculation results with the physico-chemical and 

biogeographic parameters, relationships between them were defined. Analysis of matrix correlation and simple linear 

relationships, using the Pearson correlation index, shows that erodibility is strongly correlated positively with fine 

fraction and negatively with coarse fraction. It is positively correlated with silts percentage and negatively correlated 

with percentages of clays, organic matter and CaCO3, suggesting the effect of organo-mineral complex in sols 

structure and maintenance of intrinsic balance and resistance to water erosion. The ANOVA analysis shows that 

erodibility presents significant variances with fine fraction, clays and organic matter percentages and apparent density. 

It decreases for densest soils that are most evolved, best structured and most resistant to water erosion. This analysis 
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indicated that erodibility is important when fine fraction is abundant and clay and organic matter percentages are low. 

Erodibility shows significant differences with texture, land use and lithology. It is relatively low on undermatorral 

soils and high on understeppe, farmland and uncultivated soils. However, the sols texture dominated by fine silts and 

the alternating marl and sandstone substrates play in its favour. The analysis of variation of physico-chemical 

parameters (fine fraction, clay and organic matter contents and pH) according to depth in three soil types (farmland 

soils, uncultivated soils and soils under steppes) highlights the effects of natural phenomena such as pedogenesis, 

vegetation cover and substrate nature and human activities phenomena. 

 

Reference 
[1] Robinson, A. (1977). Relationship between soil erosion and sediment delivery. Colloque de Paris(122), 159-167. 

Paris: Assoc. Intern. Hydrol. Scient. 

[2] Borrelli, P., Robinson, D., Fleischer, L., Lugato, E., Ballabio, C., Alewell, C., . . . Panagos , P. (2017). An 

assessment of the global impact of 21st century land use change on soil erosion. Nat Commun, 8. doi:10.1038/s41467-

017-02142-7 

[3] chmidt, S., Alewell, C., & Meusburger, K. (2019). Monthly RUSLE soil erosion risk of Swiss grasslands. Journal 

of Maps, 15(2), 247-256. doi:10.1080/17445647.2019.1585980. 

[4] Karydas, C., Sekuloska, T., & Silleos, G. (2009). Quantification and site-specification of the support practicefactor 

when mapping soil erosion risk associated with oliveplantations in the Mediterranean island of Crete.Environ Monit 

Assess,149,19-28. doi:10.1007/s10661-008-0179-8. 

[5] García-Ruiz, J. (2010). The effects of land uses on soil erosion in Spain. Catena, 81, 1-11. 

[6] Arnaez, J., Lasanta, T., Errea, M., & Ortigosa, L. (2011). Land abandonment, landscape evolution, and soil erosion 

in a Spanish Mediterranean mountain region: the case of Camero Viejo. LAND DEGRADATION & DEVELOPMENT, 

550, 537-550. 

[7] Almagro, M., Vente, J., Boix-Fayos, C., García-Franco, N., Melgares de Aguilar, J., González, D., . . . Martínez-

Mena, M. (2016). Sustainable land management practices as providers of several ecosystem services under rainfed 

Mediterranean agroecosystems. Mitig. Adapt. Strategies Glob. Change, 21, 1029-1043.  

[8] Dietrich, W., & Dune, T. (1978). Sediment budget for a small catchment in mountainous terrain. Z. Geomorph. 

N.F., Suppl. Bd 29, 191-206. 

[9] Meade, R., Yzyk, T., & Day, T. (1990). Movement and storage of sediement in rivers of the United States and 

Canada. The geology of North America, 255-280. 

[10] Milliman, J., & Syvitski, J. (1992). Geomorphic/tectonic control of sediments.Discharge of sediment to the ocean 

: the importance of small mountain rivers. J. Geol.(100), 525-544. 

[11] Martins, O. (1988). Flux of particulate inorganic matter through the Niger River into the Atlantic ocean. 

Netherlands Journal of Sea Research, 22(2), 91-97. 

[12] Guerra, A., Maes, J., Geijzendorffer, I., & Metzger, M. (2016). An assessment of soil erosion prevention by 

vegetation in Mediterranean Europe: current trends of ecosystem service provision. Ecol. Indicat., 60, 213-222. 

[13] Panagos, P., Imeson, A., Meusburger, K., Borrelli, P., Poesen, J., & Alewell, C. (2016). Soil conservation in 

Europe: wish or reality. Land Degrad. Dev., 27, 1547-1551. 

[14] Didon, J., Durand-Delga, M., & Kornprobst, J. (1973). Homologies géologiques entre les deux rives du détroit de 

Gibraltar. Bulletin de la Société géologique de France, XV(7), 77-105. 

[15] Forsberg, C. (1989). Importance des sédiments dans la compréhension cyclages de nutriments dans les lacs. 

Hydrobiologia, 1(176), 263-277. 

[16] Jigorel, A., & Morin, J. (1994). Bilan de la sédimentation dans une retenue eutrophisée, quinze ans après sa 

création. Acte du 7ème Congrès International de Géologie de l'Ingénieur (pp. 2667 - 2674). Rotterdam: Lisbonne, 

Balkema Edition. 

[17] Poirel, A., Vindimian, E., & Garric, J. (1994). Gestion des vidanges de réservoirs, mesures prises pour préserver 

l'environnement et retour d'expérience sur une soixantaine de vidanges. 18ème Congrès des Grands Barrages 

Commission Internationale des Grands. Durban Q.69-R.9, 321-349. 

[18] Merle, G., Nihouarn, A., & Daligault, P. (1996). Opérations de restauration et recolonisation naturelle sur la 

Sélune (Manche) après une opération de vidange de barrages. Hydrologie dans les pays celtiques. Actes du 1er 

Colloque Interceltique d'Hydrologie et de Gestion des Eaux. Rennes, France.79, pp. 275-282. Paris : INRA Editions. 



 

 Mor. J. Chem. 8 N°4 (2020) 919-935 

934 

 

[19] H.C.E.F.L.C.D. (2010). Plan National d'Aménagement des Bassins Versants.Résume et rapport de synthèse. 

[20] Renard, K., Foster, G., Weesies, G., McCool, D., & Yoder, D. (1997). Predicting Soil Erosion by Water: A Guide 

to Conservation Planning With the Revised Universal Soil Loss Equation (RUSLE). (A. R. Service, Éd.) Agriculture 

Handbook, 703, 404. 

[21] Willward, A., & Mersey, J. (1999). Adapting the RUSLE to model soil erosion potential in a mountainous 

tropical watershed. Catena, 38(2), 109-129. 

[22] Lu, D., Li, G., Valladares, G., & Batistella, M. (2004). Mapping soil erosion risk in Rondonia, Brazilian 

Amazonia: using RUSLE, remote sensing and GIS. Land Degrad Dev, 15, 499-512. 

[23] Jasrotia, A., & Singh, R. (2006). Modeling runoff and soil erosion in a catchment area, using the GIS, in the 

Himalayan region, India. Environ Geol, 51, 29-37. 

[24] Prasannakumar, V., Vijith, H., Abinod, S., & Geetha, N. (2011). Estimation of soil erosion risk within a small 

mountainous sub-watershed in Kerala, India, using Revised Universal Soil Loss Equation (RUSLE) and geo-

information technology. Geoscience Frontiers, 3(2), 209-215. doi:10.1016/j.gsf.2011.11.003. 

[25] Charrière, A. (1990). Héritage hercynien et évolution géodynamique alpine d'une chaîne intracontinentale: Le 

Moyen Atlas au sud-est de Fès. Maroc: Université Paul sud-est, Toulouse III. 

[26] Sabaoui, A. (1998). Rôles des inversions dans l'évolution meso-cenozoique du Moyen Atlas septentrional 

(Maros). L'exemple de la transversale El Menzel-Ribat Al Khayr-Bou Iblane.Rabat: Université Mohammed V-Agdal. 

[27] NF ISO 10390. (2005). Qualité du sol - Détermination du pH. (X31-117). AFNOR. 

[28] Mathieu, C., & Pieltain, F. (2003). Analyse chimique des sols: méthode choisies.(E. T. Doc, Éd.) France: 

Lavoisier. 

[29] NF EN ISO 10693. (2014). Qualité du sol - Détermination de la teneur en carbonate - Méthode volumétrique. 

(X31-105). AFNOR. 

[30] Walkley, A., & Black, I. (1934). Estimation of Soil Organic Carbon by the Chromic Acid Titration Method. Soil 

Science, 29-38. 

[31] Wischmeier, & Smith, (1978). Prediction rainfall erosion losses from cropland east of the Rocky Mountains : 

aguide for selection of practices for soil and water conservation. Handbook(573), 60. US : Dept Agriculture. 

[32] Dumas, J. (1965).Relation entre l’érodibilité des sols et leurs caractéristiques analytiques. Cahiers 

ORSTOM.Série Pédologie, 3(4), 307-333. 

[33] Baali, A. (1998). Gènèse et évolution au plio-quaternaire de deux bassins intramontagneux en domaine carbonaté 

méditérraneen. Les bassins versants des dayets Afourgagh et Agoulmam (Moyen Atlas, Maroc). Fès: Faculté des 

Sciences Dhar. 

[34] Baali, A., Cheddadi, R., & Chairi, R. (2007). Evolution sédimentologique, pédologique et paléoclimatique du 

bassin lacustre de la dayet Agoulmam (Moyen Atlas, Maroc) depuis le Pléistocène (Soltanien) à l'Holocène. Revue 

Méditerranéenne de l'Environnement, 267-280. 

[35] Stengel, P., Douglas, J., Guérif, J., Goss, M., Monnier, G., & Cannell, R. (1984). Factors influencing the variation 

of some properties of soils in relation to their suitability for direct drilling. Soil and Tillage Research, 4(1), 35-53. 

[36] Le Bissonnais, Y., Cerdan, O., Lecomte, V., Benkhadra, H., Souchère, V., & Martin, P. (2005). Variability of soil 

surface characteristics influencing runoff and interrill erosion. CATENA, 62(2-3), 111-124. 

[37] Bonneau, M., Brethes , A., Lelong, F., Levy, G., Nys, C., & Souchier, B. (1979). Effets de boisements résineux 

purs sur l'évolution de la fertilité du sol. (AgroParisTech, Éd.) Revue Forestière Francaise (3). 

[38] Chaney, K., & Swift, R. (1984). The Influence of Organic Matter on Aggregate Stability in Some British Soils. 

European Journal of Soil Science, 35(2), 223-230. 

[39] Haynes, R., & Swift, R. (1990). Stability of Soil Aggregates in Relation to Organic Constituents and Soil Water 

Content. Journal of Soil Science, 41(1), 73-83. 

[40] Bartolia, F., Burtina, G., & Guerif, J. (1992). Influence of organic matter on aggregation in Oxisols rich in 

gibbsite or in goethite. II. Clay dispersion, aggregate strength and water-stability. Geoderma, 54, 259-274. 

[41] Le Bissonnais, Y., & Arrouays, D. (1997). Aggregate stability and assessment of soil crustability and erodibility: 

II. Application to humic loamy soils with various organic carbon contents. European Journal of Soil Science, 48(1), 

39-48. 

[42] Terzaghi, K., Peck, R., & Mesri, G. (1996). Soil Mechanics in Engineering Practice. (I. John Wiley and Sons, 

Éd.) New York: Third Edition. 

[43] Lelong, F., Roose, E., Darthout, R., & Trevisan, D. (1993). Susceptibilité au ruissellement et à I’érosion en nappe 

de divers types texturaux de sols cultivés. Expérimentation au champ sous pluies simulées. SCIENCE DU SOL, 31(4), 

251- 279. 



 

 Mor. J. Chem. 8 N°4 (2020) 919-935 

935 

 

[44] Bollinne, A. (1975). La mesure de l’intensité du splash sur sol limoneux. Mise au point d’une technique de terrain 

et premier résultats. Pédologie, 25(3), 199-210. 

[45] Poesen, J. (1985). An improved splash transport model. zeitschrift für geomorphologie, 29(2), 373-382. 

[46] Boiffin, J. (1987). La dégradation structurale des couches superjïcielles du sol sous l’action des pluies.Paris: 

INAPG. 

[47] Duchaufour, P. (1977). Pédologie I: Pédogenèse et classification. Paris: Masson. 

[48] Kauffman, S., Sombroek, W., & Mantel, S. (1998). Soils of rainforests: Characterization and major constraints of 

dominant forest soils in the humid tropics. (S. A. D., Éd.) Soils of Tropical Forest Ecosystems, 9-20. 

 

 

 

 

  

 

 


