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ABSTRACT 

 

Soils degradation in Benin is most commonly reported thread for the agricultural production and this 

situation became more crucial in the Centre of Benin. This study has been carried out to evaluate the 

contribution of farmer’s soil conservation practices to combat soil erosion in the agricultural watershed 

of Linsinlin. A field experiment was conducted on loamy-sand soil using Fisher Block design under 

researcher management. The factors which testified during study were tillage and mulching. The 

“Runoff plot” system was installed to collect erosion data. Three rainfall episodes viz, June 15, 19 and 

27, 2016 with 52, 27 and 57 mm of water were used for the data collection. Rain distribution was 

measured for each rainy episode using a rain gauge. These three rainy episodes constitute a repetition. 

Results of study revealed that tillage and mulching treatment significantly decrease runoff, soil loss and 

nutrients loss (nitrogen, available phosphorus, potassium, magnesium). In case of nutrient lose, highest 

amount of nitrogen and potassium were lost.  The interactive effect of tillage system and mulching was 

significant on runoff, soil and nutrient loss. The treatment combining isohypse ridging with mulching 

practice reduced total runoff from 6.27% to 0%, soil loss 2028 kg.ha
-1

. rain
-1 

 to  0  kg.  ha
-1

.rain
-1

and  
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1 Introduction  

Chemical and physical degradation affects most of the present 

agricultural land in Africa (Henao & Baanante, 1999). The soils 

have poor nutrient retention capacity, and many are heavily 

leached and eroded. In tropical areas, rainfall also accelerated 

erosion due to the low vegetation density (Bationo et al., 2004). 

Soil erosion is a big threatens for the agricultural productivity, 

food security and environmental sustainability (Kurothe et al., 

2014), this condition became more serious in African continent 

and erosion affects 72% productivity. The nutrient lost is 2.5 

times higher as compared to remaining soil (Benmansour et al., 

2006). The dynamics of agro-systems and agrarian structures in 

the central agro-ecological zone of Benin has led to a negative 

evolution of soil (Agossou & Igué, 2002). Under population 

pressure (3.5% as growth rate), fallow practice is greatly reduced 

or even suppressed in favor of continuous cropping systems, 

overexploitation of soils without organic or mineral fertilizers. 

These poor practices results in nutrient depletion, a significant 

decrease of soil organic matter pool, changes in the nitrogen cycle 

(Dabin, 1956), runoff, soil erosion and soil acidification. Thus, 

crop yields and the sustainability of cropping systems are 

compromised. Under the cover of natural vegetation, soil erosion 

is non-existent or minimal. With the removal of vegetation cover 

and fallow, inherent fertility is drastically reduced and accelerated 

erosion (Nyakatawa et al., 2001; Isikwue, 2005; Pandey et al., 

2007). Further, Kouelo (2016) reported an average annual soil 

loss of 17.69 t.ha
-1

.an
-1

 over the last 50 years at the Lokogba 

watershed in Aplahoué. Agricultural practices must ensure the 

sustainability of agricultural systems. Tillage, when properly 

carried out, is an excellent means of combating water erosion. 

Residues of plants left on the soil surface play a fundamental role 

in soil protection against erosion (Mazarei &Ahangar, 2013). The 

objectives of this study were to determine how various types of 

tillage and mulching affects soil erosion in centre of Benin and to 

use the results to identify sustainable land management practices 

that would reduce soil erosion. 

2 Materials and Methods 

2.1. Study area 

The experiment was carried out at Linsinlin watershed (latitude 7° 

20' 46'’ North; longitude 1° 56' 8'' East and 190m above mean sea 

level) at Djidja municipality in Benin from May 29, 2016 to 

August 31, 2016 (Figure 1). The study area is situated on the 

Precambrian basement of the Peneplaine Cristalline base rocks as 

 
nutrient loss (from 4.32 kg. rain

-1
to 0 kg. rain

-1
for total nitrogen, from 0.17 kg.rain

-1
to 0 kg.rain

-

1
for available phosphorus, from 4.38 kg.rain

-1
 to 0 kg.rain

-1
 for potassium, from 3.32 kg.rain

-1
 to 

0 kg.rain
-1

 for magnesium). Particulate organic matter, clay and sand fraction were more lost 

through water erosion on the watershed of Linsinlin. 

 

 
Figure 1 : Geographical location and physical map of the study area 
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embrechites and granites (Igué, 2000). The soil of the study area 

is ferruginosols type (Baize & Girard, 2009). Major chemical 

properties of the study area soil are presented in Table 1. The soil 

of the field experiment have a poor chemical properties. 

Especially, the low soil organic matter indicate a higher degree of 

soil degradation of this watershed. Linsinlin has a bimodal rainfall 

distribution with a long rainy season from March to July and a 

short rainy season from September to November. The annual 

rainfall of the study area is 1200mm and the average temperature 

is around 28°C, while the average slope in the study site is 5%. 

2.2. Experimental design  

The experiment design used is known as “Runoff plot”. The 

erosion plots system (Figure 2) includes a rain gauge and 7 

erosion plots of 21 m² (6 treatments combining tillage and 

mulching and 1 control plot), isolated from the outside by metal 

sheets embedded in the ground at the edge of the plots. 

Downstream, a receiving system directs runoff water and eroded 

soil to a storage system consisted by two tank. The first tank was 

connected to each plot by a PVC pipe with 40 mm in diameter. It 

is pierced in its upper part with 8 identical holes and connected to 

the second by a PVC pipe of 20 mm diameter. Using this system, 

it was possible to determine the runoff rate, the fine suspended 

soil loss (fraction able to migrate over a long distance) and the 

coarse soil particle loss (short-distance crawling). This erosion 

measurement on small plots allows to weigh various factors 

(vegetation, slope, soil, cultural practice) which involved in water 

erosion, but it is only sheet erosion, the one that interests mainly 

agronomists and pedologists. Three rainfall episodes i.e. June 15, 

2016, June 19, 2016 and June 27, 2016 with 52 mm, 27 mm and 

57 mm rainfall were used for the data collection. Rain amount was 

measured for each rainy episode using a rain gauge. Each rainy 

episode constitutes a repetition. Various treatments used in this 

study were Control (T0), No tillage + without mulch (T1), No 

tillage + with mulch (T2), Minimum tillage + without mulch (T3), 

Minimum tillage + with mulch (T4), Isohypse ridging + without 

mulch (T5) and Isohypse ridging + with mulch (T6).  

2.3. Data collection  

The data collected were runoff volume, soil loss, nutrient loss, 

mineral and organic constituents of soil lost.  

2.3.1.Runoff volume 

After each rain over 30 minutes, runoff was collected in the tanks 

with the installed receiving system. The runoff volume (Vr) is 

calculated by the following formulae (Roose,1967): 

Vr = V1 + (8 x V2); 

whereas: V1 = Volume of runoff in the first tank and V2 = 

Volume of runoff in the second tank. 

2.3.2. Soil loss 

Sediments deposited at the bottom of each tank were collected, 

dried in open air and weighed. The runoff water was homogenized 

and an aliquot of 200 ml was taken and dried in an oven at 50° C 

for 72 hours to determine suspended sediment. The suspended 

sediment in the total runoff volume was added to the bottom 

sediment weight for Total Soil Loss (PT) using the following 

formulae (Kouelo, 2016): 

PT = Tf + Cs (Vr / Qa); 
 

Whereas  Tf = sediments deposited at the bottom of the tanks; Vr 

= volume of runoff; Cs = Sediment load and Qa = the amount of 

aliquot taken. 

Table 1 Chemical characteristics of study area soil 

Depth (cm) Nitrogen (%) 
Available phosphorus 

(ppm) 

Organic matter 

(%) 

CEC (méq/100g de 

sol) 

pH 

KCl Eau 

0-20 0.11    74.62                       0.91 25.94 5.10 5.75 

20-40 0.11    74.16                       0.69 32.81 4.93 5.78 

 

 
Figure 2 : Runoff design used in this study  
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2.3.3 Nutrients loss 

Collected sediment was air dried and sieved through a 2 mm 

mesh. The sample was further taken for the chemical analysis. 

Total soil nitrogen content was determined by Kjeldahl method 

(Jones et al., 1991). Available phosphorus was estimated by using 

of Bray I method (Bray & Kurtz, 1945), soil organic carbon was 

estimated by using the method given by Walkley &Black (1934), 

and exchangeable bases (Mg
2+

 and K
+
) were estimated by using 

the Metson method (1956). 

2.3.4. Mineral and organic constituents of land lost by water 

erosion 

The fractionation principle used was proposed by Feller (1979). 

The fractions considered for mineral constituents were clay       

(>2 µm), silt (2 µm -50 µm) and sand (50 µm-2000 µm). For 

organic constituents, the fractions used were particulate organic 

matter  (> 50 μm) and minor organic matter (<50 μm). The 

mineral and organic fractions were dried in an oven at 50° C for 

72 hours. The organic carbon content of these fractions was 

determined by the method of Walkley & Black (1934) modified 

by Tekalign et al. (1991). 

2.5. Statistical analysis 

Data were subjected to analysis of variance (ANOVA) with two 

factors, using the general linear model (GLM) procedure of SAS 

(Version 9.2). Mains effects tested were those of tillage, mulching 

and interactive effect of these two. Mean were separated using the 

test of Student-Newman-Keuls at a 5% probability level. 

3 Results 

3.1. Runoff and soil loss 

Tillage and mulching effect were significant on runoff and soil 

loss (Table 2). For tillage, isohypse ridging significantly reduces 

runoff from 6.27% (control) to 0.25% (ridging) and soil loss from 

2027.71 kg.ha
-1

.rain
-1

(control) to 6.41 kg.ha
-1

.rain
-1

(ridging) for an 

average rainfall of 45 ± 16.6 mm. Mulching practice also 

significantly reduces the runoff rate from 6.27% (control) to 

1.77% (without mulch) and to 0.25% (with mulch); soil loss from 

2027.71 kg.ha
-1

.rain
-1

 (control) to 142.74 kg.ha
-1

.rain
-1

(without 

mulch) and to 23.40 kg.ha
-1

.rain
-1

 (with mulch). Interactive effect 

of tillage and mulching was significant on runoff and soil loss 

(Table 2). Figures 3 and 4 showed the interactive effect of tillage 

and mulching. Through these figures, it could be noted that 

treatment combining isohypse ridging with mulch (T6) has totally 

reduced the runoff (0% runoff) and soil erosion (0 kg.ha
-1

.rain
-

1
soil lost). Compared to direct seeding without vegetation cover 

(T1), other treatments also significantly reduced runoff and        

soil loss. Indeed, treatments that combine one or others          

tillage modalities with mulching practice (T4, T2) negatively 

impacted runoff and soil loss. In addition, treatments can be 

classified in descending order of runoff and soil loss reduction 

(T6, T5, T4, T2, T3, T1, and T0). 

3.2. Nutrients loss 

Results of study revealed that tillage and mulching significantly  

(p <0.05) affected  total  nitrogen,  available phosphorus,  

exchangeable potassium and magnesium loss (Table 2). In fact, 

isohypse ridging has reduced nutrients loss under water erosion by 

around 99% compared to control. Minimum tillage and no-tillage 

reduced nutrient loss less than isohypse ridging (Table 4). 

Mulching practice reduced available phosphorus loss from 0.17 

kg.rain
-1

 to 0.002 kg.rain
-1

, magnesium loss from 3.32 kg.rain
-1

 to 

0.01 kg.rain
-1

, total nitrogen loss from 4.32 to 0.04 kg.rain
-1

 and 

potassium loss from 4.39 to 0.15 kg.rain
-1

.  

The interactive effect of tillage and mulching was significant on 

the reduction of total nitrogen, available phosphorus, potassium  

and magnesium loss under water erosion. Figures 5, 6, 7 and 8 

show the effect of combination of these two factors on nutrients 

loss. From analyzing these figures, it was reported that isohypse 

ridging  combined  to  mulching (T6) nullified all nutrients loss      

  

 

Table 2 Summary of analysis of variance (ANOVA) for various parameters studied in the experiment 

Factors Runoff Soil loss 
Nutrients loss 

Textural fractions 

 

Organics fraction 

  

N P K
+
 Mg²

+
 S L A POM MOM 

Tillage *** *** *** *** *** *** *** *** *** *** *** 

Mulching ** *** * ** * * *** *** *** *** * 

Tillage vs Mulching * ** * ** * * *** *** *** *** * 

* = Stands for significant at p≤0.05; ** = Stands for significant at p≤0.01; *** = Stands for significant at p≤0.001; ns = Stands for no 

significant ; N= total nitrogen ; P= available phosphorus; K
+
= potassium ; Mg

²+
= magnesium ; S= Sand ; L=Loam; A= Clay ; POM= particulate 

organic matter ; MOM= fine organic matter. 
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(0 kg. rain
-1

). Moreover, mulching practice induced arithmetic 

reduction of nutrients loss compared to treatments that did not 

receive mulch. Further, direct seeding combined with mulch (T2) 

reduced total nitrogen loss by 84%, available phosphorus loss by 

86%, potassium loss by 91% and magnesium loss by 63% 

compared to direct seeding without mulch (T1). 

3.3. Mineral Constituents lost under water erosion 

Both tillage and mulching significantly affected soil textural 

 fractions (sand, silt and clay) (Table 2). On isohypse ridging and 

no-tillage plots, soil lost contains more clay (42.44% and 38.12% 

respectively) than sand and silt (Table 4). On plots under 

minimum tillage and control plot, soil lost contains more sand 

than silt and clay. Mulching practice has reinforced the effect of 

tillage. In fact, mulch significantly reduced sand, silt and clay lost 

through erosion. Clay and sandy fractions were more affected 

(33.07 and 39.93% respectively).The combination of soil tillage 

and mulching significantly affected eroded mineral fractions 

(Table 2).  Analyzing  the Table 3, it  was  reported  that  isohypse 

 
Figure 3 Interactive effect of tillage and mulch on total nitrogen 

(The bars corresponded to the standard error which represents 

mean ± SE. Different letters indicate statistically significant 

difference) 
 

 

 
Figure 4 Interactive effect of tillage and mulch on available 

phosphorus (The bars corresponded to the standard error which 

represents mean ± SE. Different letters indicate statistically 

significant difference) 
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Figure 5 Interactive effect of tillage and mulch on runoff (The 

bars corresponded to the standard error which represents mean ± 
SE. Different letters indicate statistically significant difference) 

 

 
 

Figure 6  Interactive effect of tillage and mulch on soil loss (The 

bars corresponded to the standard error which represents mean ± 

SE. Different letters indicate statistically significant difference) 
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 ridge combined with mulch (T6) completely reduced the effect of 

water erosion. Therefore no soil and textural fractions lost under 

this treatment. In general, for all treatments, sand and clay 

fractions are the most affected except under minimum tillage 

without mulch (T3), which caused more silt loss than clay and 

sand. 

3.4. Organic Constituents lost under water erosion 

Tillage significantly (p <0.05) influenced particulate and fine 

organic matter affected by runoff and associated soil loss      

(Table 2). In general, results of study (Table 4) revealed maximum  

 

 

Table3 Interactive effect of tillage and mulching on textural 

fractions lost by water erosion 

 S L A 

T0 42.47 ± 0.26
c
 21.67 ± 0.31

b
 35.86 ± 0.55

c
 

T1 37.86 ± 0.34
d
 23.62 ± 0.38

b
 38.52 ± 0.70

b
 

T2 35.73 ± 0.99
d
 17.90 ± 0.51

c
 46.36 ± 0.48

a
 

T3 30.96 ± 0.6
e
 37.06 ± 0.94

a
 31.99 ± 1.54

c
 

T4 54.06 ± 0.60
a
 21.64 ± 0.59

b
 24.63 ± 0.21

e
 

T4 47.70 ± 0.53
b
 16.06 ± 0.27

c
 36.24 ± 0.61

c
 

T6 0.00 ± 0.00
f
 0.00 ± 0.00

d
 0.00 ± 0.00

f
 

S= Sand ; L=Loam; A= Clay, mean ± SE value followed by the 

different letter in same vertical column are significantly different  

 
Figure 7 Interactive effect of tillage and mulch on magnesium (The bars corresponded to the standard error which represents mean ± SE. Different 

letters indicate statistically significant difference) 

 

 

Figure 8 Interactive effect of tillage and mulch on potassium (The bars corresponded to the standard error which represents mean ± SE. Different 
letters indicate statistically significant difference) 
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Table4: Effect of tillage and mulching on runoff, soil loss, nutrients loss and textural and organic fractions lost by water erosion 

Modalities Runoff (%) 
Soil loss 

(kg.ha
-1
.rain

-1
) 

Nutrients loss Textural fractions Organic fractions 

Nitrogen 

(kg. rain
-1
) 

Available P 

(kg. rain
-1
) 

K
+
 (kg. rain

-

1
) 

Mg
2+

 (kg. 

rain
-1
) 

S (%) L (%) A (%) 
POM 

(kg. rain
-1
) 

MOM 

(kg. rain
-1
) 

Control 6.27 ± 1.33
a
 2027.71 ± 85.05

A
 4.32 ± 0.27

a
 0.17 ± 0.01

a
 4.39 ± 0.27

a
 3.32 ± 0.06

a
 42.47 ± 0.15

a
 21.66 ± 0.18

b
 35.85 ± 0.31

b
 490.35 ± 4.27

a
 134.94 ± 12.05

a
 

No tillage 2.04 ± 0.70
b
 209.97 ± 66.53

B
 0.29 ± 0.1

b
 0.02 ± 0.006

b
 0.79 ± 0.11

b
 0.08 ± 0.03

b
 36.79 ± 0.54

b
 20.76 ± 1.29

c
 42.44 ± 1.77

a
 60.07 ± 19.82

b
 14.25 ± 4.34

b
 

Minimum tillage 0.60 ± 0.22
C
 25.40 ± 10.23

C
 0.06 ± 0.01

b
 0.003 ± 0.001

c
 0.06 ± 0.02

c
 0.03 ± 0.01

b
 42.51 ± 5.17

a
 29.35 ± 3.45

a
 28.31 ± 1.69

c
 8.17 ± 2.93

c
 1.78 ± 0.61

c
 

Isohypse ridging 0.25 ±  0.11
C
 6.41 ± 3.94

C
 0.02 ± 0.01

b
 0.0007 ± 0.0003

c
 0.04 ± 0.03

c
 0.01 ± 0.005

b
 33.85 ± 10.85

c
 28.03 ± 3.59

a
 38.12 ± 8.10

a
 2.27 ± 0.93

d
 0.48 ± 0.22

c
 

Control 6.27 ± 1.33
A
 2027.71 ± 85.05

A
 4.32 ± 0.27

a
 0.17 ± 0.01

a
 4.39 ± 0.27

a
 3.32 ± 0.06

a
 42.47 ± 0.15

a
 21.66 ± 0.18

b
 35.85 ± 0.31

a
 490.35 ± 4.27

a
 134.94 ± 12.05

a
 

No-Mulch 1.70 ± 0.49
B
 172.60 ± 66.02b 0.23 ± 0.08

b
 0.01 ± 0.004

b
 0.42 ± 0.16

b
 0.08 ± 0.02

b
 38.84 ± 2.43

b
 25.58 ± 3.07

a
 35.58 ± 1.00

a
 41.20 ± 15.86

b
 9.32 ± 3.68

b
 

With Mulch 0.23 ± 0.1
C
 23.40 ± 9.58c 0.04 ± 0.01

c
 0.002 ± 0.0006

c
 0.15 ± 0.09

b
 0.01 ± 0.004

c
 39.93 ± 7.93

b
 27.18 ± 3.34

a
 23.67 ± 6.70

b
 5.80 ± 2.50

c
 1.69 ± 0.72

c
 

N= total nitrogen ; P= available phosphorus; K+= potassium ; Mg²+= magnesium ; S= Sand ; L=Loam; A= Clay ; POM= particulate organic matter ; MOM= fine organic matter, mean ± SE value followed by the different letter in same vertical column 

are significantly different  

521                                           Akplo et al. 

                                                                                



 

 

Journal of Experimental Biology and Agriculture Science  
http://www.jebas.org 

 
 
 
 

Effect of Tillage and mulching on soil water erosion in Linsinlin watershed, Centre of Ben          522

                                                                                

 

 

reduction in particulate organic matter (POM). Indeed, the lowest 

organic matter loss (for both fractions) was obtained with 

isohypse ridging. This modality allowed a reduction of particulate 

and non-particulate organic matter (MOM) of 488.08 kg. rain
-1

 

and 134.46 kg. rain
-1

 respectively compared to the control plot 

(T0). Mulching also significantly influenced particulate and fine 

organic matter. The presence of mulch allowed 99% reduction in 

both organic fractions compared to the control. With this factor, 

POM was highly affected by water erosion.  

The interactive effect of the both tillage and mulching was 

significant on the particulate and fine fractions of soil organic 

matter running by erosion (p <0.05). Combination of isohypse and 

mulch totally reduced soil organic matter loss (for both fractions). 

In general, treatments received mulch reduced organic matter loss 

(both fractions) than those that did not receive mulch (Figures 9 

and 10).  

4 Discussion 

The results of this study showed that tillage and mulching 

significantly influenced runoff and soil loss. Isohypse ridging has 

considerably reduced runoff, soil loss compared to the control. It 

has significantly reduced (about 99%) nutrients lost by water 

erosion for all nutrients compared to the control plot. Mulching 

practice significantly reduced the loss of phosphorus and 

magnesium. Further it was reported that nutrient loss increase 

with runoff and eroded soil quantity. Indeed, ridges constitute 

obstacles for water whose flow velocity is greatly reduced. 

Similar results were obtained by Kouelo (2016) who had 

concluded that no-tillage significantly increase runoff, soil loss 

and nutrients loss compared to tillage. Kurothe et al., (2014) 

argued that cultivation practices, especially tillage, constitute an 

important management tool to combat water erosion risks, to 

promote in situ water conservation, crop yields improvement and 

stabilization in rainfed systems in semi-arid and subtropical 

regions. Residue cover protects soil from degradation caused by 

raindrops, increases the structural stability of the surface 

aggregates by increasing soil organic matter content, and creates a 

strong macro porosity from the surface (Labreuche et al., 2007). 

Results of this study confirm this fact and have shown that various 

treatments have significantly reduced runoff, soil loss and 

nutrients loss compared to the control plot. In addition, treatments 

combining the mulching practice with tillage have remarkably 

reduced water erosion compared to those that did not receive 

mulch. Isohypse ridging combined with mulching canceled 

runoff, soil loss and nutrients loss. Indeed, this canopy dissipates 

not only the energy of the raindrops, but also that of the runoff. 

Heddadj et al. (2005) recognized that tillage combined with 

significant surface cover reduces water erosion.  

This study showed that tillage and mulching significantly affected 

the mineral and organic fractions of the soil lost by water erosion. 

Indeed, for organic fractions evaluated, it was found that 

particulate organic matter was the most affected. Indeed, fine 

organic matter is bound to the soil fine particles, which limits its 

erosion. Clay and sand fractions are the most eroded. Running soil 

organic and mineral fractions, erosion acts directly on the soil and 

the aggregates stability. Isohypse ridging significantly reduced the 

 

Figure 9Interactive effect of tillage and mulch on particulate organic 

matter (The bars corresponded to the standard error which represents 
mean ± SE. Different letters indicate statistically significant difference) 

 

 

Figure 10 Interactive effect of tillage and mulch on fine organic matter 

(The bars corresponded to the standard error which represents mean ± 
SE. Different letters indicate statistically significant difference) 
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                                                                                loss of organic fractions. It reduced these losses by more than 

200% compared to the control plot. In fact, ridging by reducing 

runoff and loss of soil, also reduces the loss of organic fractions. 

Mulching practice has reinforced this action of isohypse ridging. 

Its combination with ridging cancels the loss of organic and 

mineral fractions. Findings of this study were also confirmed by 

the findings of Blanchart et al. (2004) and Kouelo (2016). Further, 

Kouelo (2016) had found that carbon losses occur mainly in solid 

/ particulate form and related to bottom and / or suspended soils. 

But the losses are greatly reduced by vegetation, roughness of the 

surface of the tilled soil or by mulch or as a result of the reduction 

of the slope. Blanchart et al. (2004) estimate that carbon losses are 

negligible in well-covered environments (~ 50 kg.ha
-1

.an
-1

) where 

they are easily compensated by aerosols and especially litter: they 

have little Influence on the stock of organic matter in the soil. 

Carbon losses depend heavily on energy sources and the type of 

erosion. 

Conclusion 

Isohypse ridging and mulching constitute two effective practices 

for the sustainable use and conservation of agricultural soils on 

low slopes, Findings of this study confirms these facts. Compared 

to the control, isohypse ridging and mulching can reduced 70 to 

80% soil erosion. Combination of isohypse ridging and mulching 

can reduced water runoff, soil loss, and nutrient loss up to100%. 

The two factors tested significantly influenced the organic and 

mineral fractions affected by water erosion. In general, the most 

affected mineral fractions are clay and sand and the most affected 

organic fraction is particulate. Moreover, the minimum plowing 

without mulch practice has favored the loss of silt rather than clay 

and sand. In order to better combat soil degradation through water 

erosion and the efficient use of water, logging combined with 

mulching could be useful. 
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