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Introduction 

Africa is facing an increasing population and food demand that has already led to large scale land use changes, increasing pressure on land 

and water resources (Drechsel et al., 2001). Soil degradation in tropical agro-ecosystems is strongly linked with water erosion of productive 

top soils. Such a process is particularly important for land dedicated to agriculture compared to natural ecosystems. It rapidly becomes an 

obstacle for achieving an increased food production in a more sustainable way in order to attend the growing population demand (Lal, 

2007).  

 

The three principles of Conservation Agriculture (CA) of no tillage, permanent soil cover and crop rotation (FAO 2008) are often seen as a 

promising solution for mitigating soil erosion processes and enhancing sustainable resources management (Lal, 1985). Reducing soil tillage 

intensity often results in a higher stability of soil aggregates, and protecting soil surface reduces water rainfall energy to detach and 

transport sediments (Scopel et al., 2005). The third principle has more indirect impacts on soil erosion.  The protection they ensure the soil 

directly by their presence and by the total biomass produced as a mulch will differ as a function of the crops grown and their succession in 

time.    

 

In the case of the Lake Alaotra Region in Madagascar, the fertile lowlands are now fully occupied by irrigated rice cropping and farmers 

are using more and more the hillsides called ‗tanety‘ for producing staple crops such as maize, rice, legumes grains or cassava (Domas et 

al., 2010). Nevertheless these new rainfed fields are infertile loamy yellow and red ferralsols which are very susceptible to erosion. 

Diversified CA systems have thus been actively promoted in this region combining several crops and cover crops in rotation and/or 

intercropped. 

 

The aim of this study was to quantify potential effects of CA systems in reducing soil erosion using the RUSLE model to explore different 

crops/cover crop combinations.     

 

Materials and Methods 

This study was conducted in the ‗tanety‘ fields of the Lake Alaotra region with altitude ranging from 750 to 1450 m. We used as an 

example the classical ferralsol from Tafa experimental site (LAT: 17°32'5" and LONG: 48°32'17").  Local climatic conditions are tropical 

sub-humid with a tremendous variability in annual total rainfall (450-1600 mm) and rainfall distribution. The average yearly temperature is 

around 21°C. 

 

We compared four different cropping systems:  

1. Traditional. A two year rotation where upland rice is grown one year and maize the other. The crop residues are often removed after 

harvest. After some years the field is left as fallow.  

2. CA Stylo 1. A three to four year CA rotation on the basis of the Stylosanthes guianensis (stylo). Stylo is introduced in the first year in 

association with e.g. groundnut. In the second year the Stylo grows alone to a height of about 1.5 meter. Upland rice is grown in the 

third year in the stylo mulch. Maize is grown in the fourth year as the stylo mulch disappears and new stylo starts to grow again. Data 

is obtained from test fields. 

3. CA Stylo 2. In theory the same as 2 but closer to farmers‘ fields conditions with less weeding frequency and lower sowing density.  

4. CA Dolichos. A two year CA rotation with a basis of Dolichos Lablab (dolichos). Dolichos is sown with maize the first year. In the 

second year upland rice is planted in the mulch of Maize+Dolichos. 

 

To estimate soil losses we used the Revised Universal Soil Loss Equation (RUSLE) which has been applied in and modified for many 

regions in the world (Renard et al., 1997). RUSLE calculates a yearly average of soil loss at field level by multiplying five factors as in 

equation 1.  

                         eq. 1 

 

In our case, based on 46 years of daily effective rainfall measurements, a yearly average erosivity factor (R) could be calculated as 8487 

MJ·mm·ha
-1 

h
-1

.  The average of five estimation methods was used to estimate the yearly soil erodibility factor (K) as 0.038 ton·h·MJ
-1

mm
-

1
.   Average slope length and steepness scenario was determined, yielding a (LS) factor of 1.5. After consulting local experts overall 

supporting practices (P) values were fixed as 0.4 for the Traditional cropping system and as 0.1 for the CA cropping systems. The major 

part of this study has been to evaluate the cover-management (C) factor for the different cropping systems and calculate consequences for 

soil erosion. The C-factor was divided into a crop component Ccrop and a mulch component Cmulch for every month, calculated for each of 

them as    
       

  where Fci is the fraction of ground cover. The C factor for each month has been calculated multiplying both crop 

and mulch C-factors.  

   

Results and Discussion 

The crop management factor C was divided into a crop component and a mulch component. This approach reveals in a transparent manner 

the respective contribution of crop and mulch cover in reducing soil loss. Results reported in (Figure 1) indicated that Stylo 1 is most 

effectively reducing soil loss through both crop and mulch. The difference between Stylo 1, situation at test fields, and Stylo 2, situation on 

farmers‘ fields, lies in a slower growth of the cover crop rather than the mulch cover. The impact of the Dolichos cropping system can be 

attributed to the mulch, because there is little difference with Traditional if only the crop cover is considered. Mulch of rice and maize is 

not adding much to erosion prevention.  Dolichos mulch has ‗bad timing‘ with respect to erosive rains compared to stylo mulch. Average 
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outcomes for crop management factor C is 0.04, 0.14, 0.13 and 0.56 respectively for the four cropping systems: Stylo 1, Stylo 2, Dolichos 

and Traditional, where the soil is often poorly covered.  

 
Figure 1. Variability of the C-factor throughout the years of rotation, for four cropping systems 

 

For the traditional cropping system an actual soil loss of 86.6 ton·ha
-1

yr
-1

was found (Table 1). Compared to the calculated potential soil 

loss of 484 ton·ha
-1

yr
-1

 for the same LS scenario, this is quite a substantial gain. Nevertheless the impact of CA on actual soil loss is even 

more important as relatively to Traditional, measured in ton·ha-
1
yr

-1
, it represents an additional reduction to 2.0 (2.3%) for Stylo 1, to 5.5 

(6.9%) for Stylo 2 and to 9 (10.3%) for Dolichos. 

 

Table 1. Actual calculated soil loss (ton·ha
-1 

yr
-1

) from monthly crop cover factor (C) for the respective years of the rotation for four 

cropping systems  

Cropping 

system 

Year Soil loss from monthly cover management C 

(ton·ha
-1

yr
-1

) 

Stylo 1 1 7.2 

 2 0.1 

 3 0.2 

 4 0.5 

 Av. 2.0 

Stylo 2 1 18.4 

 2 2.5 

 3 0.3 

 4 0.8 

 Av. 5.5 

Dolichos 1 7.3 

 2 10.6 

 Av. 9.0 

Traditional 1 79 

 2 94.1 

 Av. 86.6 

 

Such a reduction of erosion processes will positively impact on the long term soil organic matter and soil C stocks (Scopel et al., 2005), and 

will allow maintainance of crop productivity longer without resorting to expensive external inputs. This capacity to reduce soil degradation 

processes might be a key issue to convince small-scale farmers of CA advantages and overcome the difficulties for CA adoption in Africa 

as reported by Giller et al. (2009).      
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