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Abstract  

To assess the impact of land use on soil fertility, changes in chemical and physical properties affecting soil 
quality were monitored on Andosols from Mount Bambouto, West Cameroon. In fact, these soils were 
subjected to four land uses and management systems: natural cover, tillage, burning and fallow. In 
comparison with the natural cover, results indicated that tillage reduced Andosol organic carbon (OC: 
6.5% to 4.8%), total nitrogen (N: 4.51‰ to 2.95‰) and cationic exchange capacity (CEC: 22.0 to 20.9 
cmol·kg–1). The abundance of soil macro-aggregates expressed by the water stable aggregates (WSA) 
varied from 53.8% to 12.0%. Tillage also increased the bulk density (da: 0.69 to 1.09 g·cm–3) and the sum of 
exchangeable cations (S: 3.58 to 4.84 cmol·kg–1). Burning reduced Andosol OC (6.5% to 0.8%), total N 
(4.51‰ to 0.95‰) and CEC (22.0 to 10.2 cmol·kg–1), but increased soil pH (4.62 to 6.54), the sum of 
exchangeable cations (3.58 to 5.74 cmol·kg–1) and the abundance of soil macro-aggregates (WSA: 38.2% to 
57.0%). In comparison with tillage, fallow increased Andosol OC (4.8% to 6.5%), total N (2.95‰ to 
5.04‰), CEC (18.0 to 21.6 cmol·kg–1), the sum of exchangeable cations (3.58 to 5.05 cmol·kg–1) and the 
abundance of soil macro-aggregates (WSA: 12.0% to 48.8%). Globally, the tillage management 
deteriorated Andosol chemical and physical properties affecting fertility, whereas the fallow 
management restored them. The burning management also improved some Andosol chemical and 
physical properties affecting quality, though it did not last long.  
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Introduction  

Soil quality is fundamental for sustainable agriculture development (Dumanski and Pieri, 2000). The land 
use and management systems strongly influence soil quality expressed by changes in soil chemical and 
physical properties (organic matter content, CEC, sum of exchangeable cations, acidity, bulk density, 
aggregates stability, etc.). Thus, improper land use and management systems reduce soil fertility and the 
subsequent food security (Oldeman et al., 1990). Many studies on soil fertility have focused mainly on 
nutrients budget and balances (Smaling et al., 1996; Harris, 1998) without emphasis on changes in soil 
chemical and physical properties affecting soil quality over time.  

In Mount Bambouto, a volcanic mountain in West Cameroon Highlands where Andosols are widespread 
(Tematio et al., 2004), strong human pressure on land expressed by the tillage and burning management 
systems have affected the agroecosystems in the past 30 years (Tematio and Olson, 1997). One of the 
consequences is the overexploitation of soil resources with subsequent crop yields decrease. Considering 
the precarious conditions of Andosols characterized by a rapid degradation of the majority of their 
chemical and physical properties when farming, new strategies for sustainable management of Andosols 
in this area have to be found urgently. Therefore, it might be useful to identify the land use and 
management systems impacts on Andosol fertility in Mount Bambouto. The main objective of this study 
was quantified changes in chemical and physical properties of the Andosols from Mount Bambouto 
subjected to tillage, burning or fallow management systems in order to compare the effects of these land 
uses and management systems on Andosol quality changes. This would contribute proposed standard 
systems that safeguard Andosol quality.  
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Materials and methods  

This study was carried out in Mount Bambouto, one of the major volcanoes in the Cameroon Volcanic 
Line that crosses the western part of the Cameroon territory. In this mountain, a recent soils survey 
(Tematio et al., 2004) points out that Andosols are widespread above the altitude 2000 m. 

They are shallow weathered pedons, either with A and BC horizons when developed on crests and steep 
slopes, or A, B and BC horizons when developed on foot-slopes. The surface horizon A is the main 
agricultural soil horizon supporting crop farming. It corresponds to a thick (up to 60 cm) and dark grey to 
dark brown (10YR3/2 - 10YR3/3) loamy soil with fine to coarse crumbly structure. These Andosols in 
Mount Bambouto are mainly devoted to Irish potato and cabbage farming.  

In this area, 17 plots were selected with respect to the farming crops (Irish potatoes), the slopes gradient 
(slightly undulated landscape), the landscape position (foot-slopes), the type of land use and 
management system applied and its duration. They were distributed as follows: 3 plots under the natural 
cover named NT, 2 plots under the short-term (5 years) tillage (T1), 4 plots under the long-term (10 years) 
tillage (T2), 2 plots under the short-term (5 years) burning (B1), 2 plots under the long-term (10 years) 
burning (B2), 2 plots under the short-term (5 years) fallow (F1) and 2 plots under the long-term (10 years) 
fallow (F2). In this area, the most significant variations in chemical and physical properties induced by 
the different land use and management systems occurred within the first 40 cm of the surface horizon A. 
Hence, in each selected plot, soil samples for chemical analyses were collected at 20 cm depth, mixed, air 
dried, crushed and 2 mm sieved. Undisturbed soil samples were also collected at the same depth for bulk 
density and aggregates stability measurements.  

Chemical analyses included soil organic carbon (OC), total nitrogen (N), available phosphorus (P), 
exchangeable cations; cations exchange capacity (CEC) and the soil pH. Soil organic carbon was extracted 
by oxidation with potassium dichromate in strongly acid solution and determined using a TOC-5000A 
analyzer. The total N was determined by Kjeldahl method, the available P by Bray II method and the 
exchangeable cations extracted by NH4OAc buffered at pH 7 and determined by atomic absorption 
spectrophotometer. The CEC at pH 7 was determined using ammonium acetate method. The soil pH was 
determined in a 1:2.5 soil suspension with de-ionised water.  

Physical analyses refer to the bulk density (da), the particle size distribution and the soil aggregate 
stability. Bulk density was obtained using the cylinder of Koppeki method (Blake, 1982). With regard to 
the particle size distribution, sand fraction was separated by wet-sieving with 63 μm sieve, oven dried at 
105°C and weighed. Silts and clay fractions were determined by laser diffraction after destruction of 
organic matter with hydrogen peroxide, followed by the particle dispersal in sodium hexametaphosphate 
solution. The soil aggregate stability was determined according to Le Bissonnais method (Le Bissonnais, 
1996) which combines 3 disruptive tests: slow wetting, fast wetting and mechanical breakdown by 
shaking after pre-wetting tests. After each test, residual aggregates were collected and sieved using a 
column of six sieves: 2000, 1000, 500, 200, 100, and 50 μm. The proportion of each fraction size of stable 
aggregates was calculated.  

Data analyses refer to the sum of exchangeable cations (S), the cations equilibrium (Ca/Mg/K), Al3+ 
toxicity (m) and the soil aggregate stability calculation. Exchangeable cations (S), was obtained by 
summing up the exchangeable cations. The cations equilibrium noted (Ca/Mg/K) is the relative 
abundance of Ca2+, Mg2+ and K+ in soil qualifying the competition between the above cations during 
plant nutrition. Al3+ toxicity (m) (Equation 1) refers to the ratio between the concentration of free Al3+ in 
the soil solution and exchangeable cations (S).  

The soil aggregate stability is expressed by the water stable aggregates (WSA) as shown in Equation 2, the 
geometric mean diameter (GMD) as given in Equation 3 and the mean weight diameter (MWD) in 
Equation 4.  

In these equations, n is the number of aggregates size ranges above 0.5 mm, wi is the weight of aggregates 
in a size of average diameter xi, and wo is the total weight of aggregates placed on 5 mm sieve for 
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analysis. The mean values of the soil chemical and physical properties in each series of plots under the 
same land use and management system were obtained using MS EXCEL software. 

Results  

Soil chemical properties 

Organic Carbon (OC), Total Nitrogen (N) and Available Phosphorous (P). The soil OC content was high 
in the study plots and varied from 4.8% to 6.5%, except in B1 (0.8%) and B2 (1.5%) (Table 1). It decreased 
slightly from NT (6.5%) to T1 (5.7%) and T2 (4.8%), and abruptly in B1 (0.8%) and B2 (1.5%). Inversely, it 
increased in F1 (6.5%) and F2 (5.5%) compared to T1 and T2. The total N content followed the same trend 
like the soil OC content and varied from 0.95‰ to 5.04‰. It thus decreased slightly from NT (4.51‰) to 
T1 (4.15‰) and T2 (2.96‰), and abruptly in B1 (0.95‰) and B2 (1.96‰), and increased significantly in F1 
(5.04‰), but remained low in F2 (1.87‰). The available P content varied from 7.0 to 43.6 mg·kg–1 in the 
study plots. Its lowest value was in NT (7.0mg.kg-1). It increased in T1 (22.2 mg·kg–1), T2 (11.7 mg·kg–1), 
B1 (18.7 mg·kg–1) and B2 (43.6 mg·kg–1), but decreased in F1 (10.8 mg·kg–1) and F2 (15.9 mg·kg–1) relative 
to T1 and T2. 

Cation Echange Capacity (CEC), Exchangeable Cations and Acidity. The CEC content was relatively 
high in the study plots and varied from 10.2 to 22.0 cmol·kg–1 (Table 1). The highest value was in NT (22.0 
cmol·kg–1). It decreased slightly in T1 (18.0 cmol.kg-1) and T2 (20.7 cmol.kg-1) and severely in B1 (10.2 
cmol·kg-1) and B2 (11.4cmol.kg-1), but increased slightly in F1 (20.6 cmol·kg–1) and F2 (21.6 cmol·kg–1) 
with respect to T1 and T2. The sum of exchangeable cations (S) was very low in the study soils (3.6 to 5.7 
cmol·kg–1).  

It increased slightly from NT (3.6 cmol·kg–1) to T2 (4.9 cmol·kg–1), B1 (5.7 cmol·kg–1), B2 (3.9 cmol·kg–1), F1 
(5.1 cmol·kg–1) and F2 (4.3 cmol·kg–1), and remain unchanged in T1 (3.6 cmol·kg–1). It highest content was 
in B1. The most abundant exchangeable cation was Ca2+ (1.60 to 3.92 cmol·kg–1), followed by Mg2+ (0.61 to 
2.00 cmol·kg–1), K+ (0.15 to 0.99 cmol·kg–1) and Na+ (0.03 to 0.09 cmol·kg–1). The cations equilibrium was 
close to the optimal equilibrium (76/18/6) in NT (78/17/5), T2 (73/20/7) and F1 (78/17/5), and highly 
unbalanced in T1 (54/ 39/7), B1 (58/25/17), B2 (41/51/8) and F2 (63/33/4) with respect to Ca deficiency. 
The exchangeable Al3+ content varied from 0.00 to 0.28 cmol·kg–1. Consequently, the aluminum toxicity 
was relatively low (m: 0.0% to 7.0%). Nevertheless, the study soils were strongly acids (pH 4.42 to 4.64), 
except for B1 and B2 with weak acid soils (pH 6.54 and 6.18 respectively). This acidity increased slightly 
from NT (pH 4.62) to T1 (pH 4.42) and T2 (pH 4.53), but decreased abruptly in B1 (pH 6.54) and B2 (pH 
6.18) and slightly in F1 (pH 4.64) and F2 (pH 4.47) relative to T1 and T2. 

Soil physical properties 

Bulk density (da) and particle size distribution. The bulk density (da) varied from 0.69 to 1.14 g.cm-3. 
The lowest value was in NT (0.69 g.cm-3). It increased significantly in T1 (0.93 g·cm–3), T2 (1.09 g·cm-3), F1 
(1.14 g·cm–3) and F2 (1.09 g.cm–3) and lesser in B1 (0.77 g·cm–3) and B2 (0.79 g·cm–3). The silt (60 to 78%) 
and clay (14 to 36%) fractions were dominant. The clay fraction increased in T1 (36%) and T2 (31%), and 
decreased in B1 (20%) and B2 (14%) relative to NT (29%). It also decreased in F1 (25%) and F2 (31%) 
compared to T1 and T2. The highest fine silt content was in NT (53%). It decreased in T1 (47%), B1 (34%), 
B2 (49%), F1 (45%) and F2 (50%) and remain unchanged in T2 (53%). The coarse silt abundance also 
decreased from NT (17%) to T1 (13%) and T2 (13%), but increased in B1 (34%) and B2 (29%). It also 
increased in F1 (28%) and F2 (16%) compared to T1 and T2. The sand fraction was the less abundant (2% 
to 12%) with the highest value in B1 (12%). 
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Table 1: Mean values of the physical and chemical soil characteristics in the studied plots 

Studied plot 

Soil organic matter Exchangeable cations CEC Exchangeable 
acidity 

Soil 
acidity 

da 
(g.cm-3) 

Particle size (%) Cation 
equilibrium 

OC 
(%) 

N 
(‰) 

P 
(mg.kg-

1) 

Ca2+ Mg2+ K+ Na+ S Al3+ m (%) pH clay Fine 
silt 

Coars
e silt 

San
d 

(cmol.kg-1 of soil) 

Not tilled NT 6.5 4.5 7.0 1.7 0.9 0.8 0.0 3.4 22.0 0.3 5.9 4.6 0.7 29 52 17 2 (78/17/5) 

Tilled 
T1 5.7 4.2 22.2 1.8 1.1 0.8 0.0 3.7 18.0 0.2 7.0 4.4 0.9 36 47 13 4 (54/39/7) 

T2 4.8 3.0 11.7 3.1 1.5 1.0 0.0 5.6 20.9 0.2 5.5 4.5 1.1 31 53 13 3 (73/20/7) 

Bur
n 

B1 0.8 1.0 18.7 5.1 3.0 2.0 0.0 10.1 10.2 0.0 0.0 6.5 0.8 20 34 34 12 (58/
25/1
7) 

 

 B2 1.5 2.0 43.6 4.9 3.1 2.6 0.1 10.7 11.4 0.0 0.0 6.2 0.8 14 49 29 2 (41/
51/8
) 

 

Fallow 
F1 6.5 5.0 10.8 2.7 1.2 1.0 0.0 4.9 20.6 0.3 5.1 4.6 1.1 25 45 28 2 (78/17/5) 

F2 5.5 1.9 15.9 1.7 1.1 1.0 0.0 3.8 21.6 0.3 5.7 4.5 1.1 31 50 16 3 (63/33/4) 
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Aggregate stability. The soil aggregate stability parameters were displayed in Table 2 (29.4%, 12.0% 
and 15.8%) and the highest in B2 (57.0%, 51.4% and 52.2%), respectively after the slow wetting and the 
stirring after pre-wetting tests. 

Table 2: Soil aggregates stability in the studied plots 

Studied 
plot 

Test  Slow wetting Fast wetting Stirring after wetting 

WSA 
(%) 

GMD 
(mm) 

MWD 
(mm) 

WSA 
(%) 

GMD 
(mm) 

MWD 
(mm) 

WSA 
(%) 

GMD 
(mm) 

MWD 
(mm) 

Not 
tilled NT 58.3 1.76 2.69 38.9 1.55 1.95 38.2 1.47 1.91 

Tilled 
T1 48.4 1.62 242 37.9 1.44 1.90 34.5 1.26 1.72 

T2 29.4 1.30 1.47 12.0 1.18 0.06 15.8 0.94 0.79 

Burn 
B1 53.3 1.70 2.66 53.3 1.69 2.67 46.7 1.55 2.34 

B2 57.0 1.72 2.85 51.4 1.70 2.57 52.2 1.64 2.61 

Fallow 
F1 40.1 1.55 2.00 27.5 1.28 1.38 48.2 1.67 2.41 

F2 48.8 1.63 2.44 42.5 1.53 2.13 29.6 1.28 1.48 

 

The geometric mean diameter (GMD) of the soil macro-aggregates decreased progressively after the 
slow wetting (1.30 - 1.76 mm), the fast wetting (1.48 - 1.70 mm) and the stirring after pre-wetting (0.94 – 
1.67 mm) tests. It decreased from NT (1.47 - 1.76 mm) to T1 (1.26 - 1.62 mm), T2 (0.94 - 1.30 mm), B1 
(1.55 - 1.70 mm), B2 (1.64 - 1.72 mm), F1 (1.28 - 1.67 mm) and F2 (1.28 - 1.63 mm) whatever the test. The 
lowest GMD values were in T2 (1.30 mm, 1.18 mm and 0.94 mm, respectively after the slow wetting, the 
fast wetting and the stirring after pre-wetting tests). The mean weight diameter (MWD) of the soil 
macro- aggregates also decreased severely after the slow wetting (1.47 - 2.69 mm), the fast wetting (0.60 
- 2.67 mm) and the stirring after pre-wetting (0.79 – 2.61 mm) tests. It always decreased from NT (1.91 – 
2.69 mm) to T1 (1.72 – 2.42 mm), T2 (0.60 – 1.47 mm), F1 (1.38 – 2.41 mm) and F2 (1.48 – 2.44mm), but 
increases in B1 (2.34 – 2.67 mm) and B2 (2.57 – 2.85 mm). The lowest values of the MWD of these soil 
macro-aggregates remained in T2 (1.47 mm, 0.60 mm and 0.79 mm after the slow wetting, the fast 
wetting and the stirring after pre-wetting tests respectively). The water stable aggregates (WSA) 
abundance in the study soils remained relatively high after the slow wetting test, and varied from 29.4% 
to 57.0%. It decreased significantly after the fast wetting (12.0% to 53.3%) and the stirring after pre-
wetting (15.8% to 52.2%) tests regardless of the land use and management systems. It decreased in T1 
(34.5% - 48.4%), T2 (12.0% - 29.4%), F1 (27.5% - 48.2%) and F2 (29.6% – 48.8%); but increased slightly in 
B1 (46.7% - 53.3%) and B2 (51.4% - 57.0%) compared to NT (38.2% - 53.8%). The lowest WSA abundance 
was in T2. 

Discussion  

Variations in most of the soil chemical and physical properties are the key for understanding the impact 
of land use and management systems on soil quality.  

Changes in soil chemical properties  

In the Andosols from Mount Bambouto, the tillage management system resulted in a significant 
reduction of soil organic matter expressed by the soil OC (6.5% to 4.8%) and the total N (4.51% to 
2.96‰) contents, giving a reduction ratio of 26.1% and 34.4% respectively. Similar reduction has been 
reported (Mbagwu and Piccolo, 1998; Spaccini et al., 2000) with the soil OC losses ranging from 15% to 
40% within 2 - 12 years of tillage (Davidson and Ackerman, 1993; Evrendilek et al., 2004). Such 
reduction is commonly attributed to the microbial oxidation of the organic compounds previously 
protected in the soil aggregates which were destroyed by cultivation (Cambardella and Elliot, 1993; 
Piccolo, 1996). The burning management system also severely reduced the soil organic matter content 
by calcinations (OC: 6.5% to 0.8%, N: 4.51‰ to 0.95‰) giving a reduction ratio of 87.7% and 78.9% 
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respectively. Generally, reduction in the soil organic matter content influences negatively the fertility of 
Andosols, since it is known to play a central role in the exchangeable cations retention (Shoji et al., 
1993). This reduction could also lead to increased soil erodibility, causing an offsite transport of the soil 
nutrients and the subsequent soil fertility decline. Conversely, the fallow management system improves 
the soil organic matter content relative to the tillage management system (OC: 4.8% to 6.5%, N: 2.96‰ 
to 5.04‰) with an increasing ratio of 26.1% and 41.3% respectively. This increase in the soil organic 
matter content with fallow may be consistent with additional supply of the organic residues which act 
as compost with time (Feller et al., 1987). These particulate organic matters are protected physically in 
soil aggregates (Six et al., 1999). In Andosols from Mount Bambouto, the tillage and burning 
management systems also led to net loss of the CEC content (22.0 to 18.0 and 10.2 cmol·kg–1) with a 
reduction ratio of 18.2% and 53.6% respectively, giving rise to the soil fertility decline (Nobel, 1989), 
whereas the fallow management system restored it relative to the tillage management system (18.0 to 
21.6 cmol·kg–1) with an increasing ratio of 16.7%. Inversely, the above three land use and management 
systems are marked by a slight increase of the sum of the exchangeable cations relative to the natural 
cover (3.6 to 4.9 cmol·kg–1, 5.7 and 5.1 cmol·kg–1) with an increasing ratio of 26.5%, 36.8% and 29.4%, 
respectively. In the tillage management system, this may be due to an input of fertilizers during land 
preparation. In the fallow management system, it suggests that this unmanaged period can restore the 
soil nutrients exported by the harvest of the plant biomass. In the burning management system, it may 
be consistent with release of base cations during soil calcination (Vlek et al., 2004) as indicated by the net 
increase in the soil pH values in B1 (6.54) and B2 (6.18). Thus, the burning management system 
improves the soil fertility through accumulation of the exchangeable cations. But it is well known that 
this improvement lasts only for a short period and that the water erosion and the subsequent soil 
nutrients leaching leads to soil impoverishment (Vlek et al., 2004). The soil acidity also increases in the 
tillage management system compared to the natural cover (pH 4.62 to 4.42), inducing decrease in 
agricultural productivity (Aitken, 1997). Even 10 years of the fallow management system practice (F2 
plots) is not enough to improve the strong acidity induced by the tillage management system. As noted 
in the Andosols from Mount Bambouto, the long-term tillage (T2 plots) and the fallow management 
systems raised  the cations equilibrium close to the optimal equilibrium (T2: 73/20/7, F1: 78/17/5 and 
F2: 63/33/4) and consequently improved Andosol fertility. Inversely, the short-term tillage (T1 plots) 
and the burning management systems led to cations imbalance (T1: 54/39/7, B1: 58/25/17 and B2: 
41/51/8) with a significant Ca2+ deficiency. This Ca2+ deficiency may induce a severe antagonism 
between the cations during the plant’s nutrition. 

Changes in soil physical properties  

The soil compaction (36.7%) induced by the tillage management system and expressed by the soil bulk 
density increase (0.69 to 1.09 g·cm–3) had significant effect on soil physical properties. It reduced 
infiltration and percolation of water, and thus led to surface runoff and land degradation by soil 
erosion. Even after 10 years of the fallow management system practice, these soils may not recover from 
the tillage management system induced compaction. The water stable aggregates (WSA: 12.0% - 53.3% 
and 15.8% - 52.2%) abundance, the geometric mean diameter (GMD: 1.18 - 1.70 mm and 0.94 - 1.67 mm) 
and the mean weight diameter (MWD: 0.60 - 2.57 mm and 0.79 - 2.61 mm) values revealed that the fast 
wetting and the stirring after pre-wetting tests representing moderate to violent storms highly disrupt 
Andosol macro-aggregates. The slow wetting test corresponding to moderate rainfalls is least 
disruptive (WSA: 29.4% - 57.0%; GMD: 1.30 - 1.76 mm; MWD: 1.47 - 2.85 mm). Generally, Andosols from 
Mount Bambouto have low to moderate resistance to water erosion. As far as the land use and 
management system is concerned, the tillage management system led to a significant destruction of 
Andosol macro-aggregates (WSA: 12.0% - 48.4%; GMD: 0.94 - 1.62 mm and MWD: 0.60 - 2.42 mm), 
whereas the burning management system regenerated them ((WSA: 46.7% - 57.0%; GMD: 1.55 - 1.72 mm 
and MWD: 2.34 - 2.85 mm). The fallow management system also regenerated Andosol macro-
aggregates after the tillage management system practice (WSA: 27.5% - 48.8%; GMD: 1.28 - 1.67 mm and 
MWD: 1.38 - 2.44 mm). The destruction of Andosol macro-aggregates by the tillage management system 
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with its subsequent increasing clay fraction (36%) may be consistent with the mechanical breakdown of 
soil aggregates by ploughing. The regeneration of Andosol macro-aggregates with the burning 
management system practice may be related to Al3+ activity in the soil solution. In fact, above pH 5.5, 
Al3+ precipitates in soil as hydroxides and can act as links between mineral particles, generating soil 
aggregates. Under the fallow management system, regeneration of Andosol macro-aggregates may be 
associated to formation of organo-metal and oxides-humus complexes with organic acids acting as 
binding agents (Tate and Theng, 1980). The increase in Andosol macro-aggregates abundance in both 
cases and the relatively low bulk density indicate well-structured soils with good pore connectivity.  

Conclusion  

Tillage management system is a significant driver of Andosol fertility decline. It reduces significantly 
soil organic matter and CEC content, increases soil acidity and compaction, and destroys Andosol 
macro-aggregates; the chemical and physical properties that affect negatively the Andosol quality. The 
relative increase of the sum of exchangeable cations and the cations equilibrium close to optimal 
equilibrium after 10 years of tillage practice are not enough to restore effectively the Andosol fertility.  

Burning management system has mitigated influences on Andosols quality. The severe reduction of soil 
organic matter and CEC content, and the cations equilibrium imbalance in the burning management 
system affect negatively the Andosol quality. Inversely, the net increase of the sum of exchangeable 
cations and the soil pH above 6, and the fairly high soil macro-aggregates abundance contribute to 
improve significantly the Andosol quality. But this improvement lasts only for a short period because 
water erosion and it subsequent nutrients leaching leads to the soil impoverishment.  

Fallow management system globally improves significantly the Andosol quality. It is sustainable in 
term of soil organic matter, CEC and sum of the exchangeable cations increase, and soil macro-
aggregates regeneration after the tillage management system practice. But, even 10 years of the fallow 
management system is not enough to regenerate efficiently the soil macro-aggregates and improve the 
soil acidity.  
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