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ABSTRACT 

 

Soil degradation is a serious problem for people living in watersheds of Benin. This degradation is 

mainly due to poor farming practices and because of this poor management annual maize production 

reduced critically. This study was aimed to estimate the state of physical and chemical soil degradation 

of three watersheds of southern Benin. One reference site representing sacred forest was also chosen for 

comparing the results of watershed. Soil cores were also collected from these selected sites. Physical 

and chemical parameters were determined from the collected soil samples. Results of study revealed that 

the watershed soil is more compact and lower in nutrients than the soil of reference sites. The bulk soil 

density was significantly higher in Govié and Lokogba watersheds compared to their reference site. As a 

result of intensive farming and water erosion, root biomass of the soil has significantly decreased from 

86 to 82% in Govié, 69 to 67% in Lokogba and 75 to 70% in Linsinlin. The total soil nitrogen of 

watershed declined significantly, from 33 to 24% in Govié, 32 to 30% in Lokogba and 38 to 25% in 

Linsinlin. Available soil phosphorus decreased from 10.93 ppm to 7.11 ppm in the Lokogba watershed. 

The soil phosphorus of Linsinlin watershed was reported highest from 5.5 ppm to 8.00 ppm compared to 

the reference site. The soil organic matter of watershed declined from 38 to 37% in Govié and 68 to 

66% in Lokogba. Lokogba watershed is the most degraded one compared to three watersheds studied. 
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1 Introduction 

 

Soil degradation is an important global problem because of its 

adverse impact on agricultural production, food security and 

the environment. Inadequate management of land, especially in 

areas with high population densities and fragile ecosystems, 

further increases the loss of productivity of farmers deprived of 

resources. This in turn affects their food security and living 

standards (FAO, 2003).The environmental degradation is a 

major problem that many countries face but the mechanisms 

involved in this degradation vary from country to country. In 

developed countries, the use of certain technologies and 

excessive consumerism leave behind volumes difficult to 

recycle waste. This phenomenon manifests itself in the South 

by over exploitation of wood resources and erosion of land 

each year led to the abandonment of seven million hectares and 

the disappearance often million hectares of tropical rainforests 

(Joseph, 2003; Amy, 2008). 

 

In sub-Saharan Africa (SSA), agricultural production is subject 

to many uncertainties and constraints. The level of fertility is 

generally low (organic matter content less than 2% nitrogen). 

Population growth is also main constrain factor for the 

agriculture of the African savanna areas in SSA. Increasing 

scarcity of farmland in many cases leads to the abandonment 

of the long-term fallow (Dugué, 1998). The high density of the 

population in the area has resulted in pressure on the land. 

Surface sown by each household are decreasing (2 to 0.5 ha) 

due to the divisions of land at inheritance. Farmers are forced 

to exploit their land, use of fallow becoming rare and difficult. 

Sub-Saharan African countries are among those with the 

highest nutrient depletion rate (Stoorvogel & Smaling, 1990; 

Smaling, 1993; Smaling et al., 1997). According to the 

International Center for Soil Fertility and Agricultural 

Development (IFDC), Africa annually loses 8 million metric 

tons of soil nutrients and more than 95 million hectares of land 

have been degraded to the point significantly reduce 

productivity (Henao & Baanante, 2006). The environmental 

degradation evolves with bioclimatic conditions and human 

action. This soil degradation is particularly worrying. 

Development actors and researchers therefore cannot remain in 

different to this problem. 

 

In watersheds of Benin, ecosystem degradation is a concern for 

the survival of populations whose number increases 

significantly from several years. Soil degradation is a 

considerable problem in Benin, because high rainfall 

intensities and low-input farming systems are prevalent. Soil 

degradation is aggravating due to a rapid expansion of 

cropland resulting from population growth including 

migration, lacking soil conservation activities and increased 

rainfall variability due to climate change (Hiepe, 2008). Due to 

so many problems, restore of the environment is a major 

challenge for the exchange and transmission of information 

must be of the best ways to encourage and support positive 

action. Aware of the increased degradation and the urgent need 

to reverse the process, a diagnostic study of the state of soil 

degradation in three watersheds of southern Benin was 

undertaken to make proposals for their restoration. This study 

aims to evaluate the impact of farming practices on soil 

degradation. The study site is a cultivated soil, so under the 

effect of farming practices and the reference site is 

uncultivated soil, therefore without any influence of farming 

practices. The comparison of the state of their soil degradation 

through soil physical, chemical and biological properties will 

allow us to achieve the objectives of this study. 

 

2 Materials and Methods 

 

2.1 Experimental site 

 

This study takes place in the districts of Allada (Latitude 6° 39' 

52'’ North & Longitude 2° 9' 35'' East), Aplahoue (Latitude 6° 

56' 32'’ North & Longitude1° 40' 25'' East) and Djidja 

(Latitude 7° 20' 46'’ North & Longitude 1° 56' 8'' East). 

Aplahoué and Djidja are located in the south-western Benin. 

This area is characterized by insecure tenure, land pressure and 

high irregularity in rainfall. Allada is located in the south of 

Benin, characterized by land pressure and low crop yields. In 

all the sea areas (Figure 1), soils are much degraded. Three 

watersheds i.e. Govié watershed in Allada, Lokogba watershed 

in Aplahoué and Linsinlin watershed in Djidja were selected 

from these three studies sites (one per site). From each 

watershed, a reference site was also chosen. The assumption is 

that the reference site may not be disturbed over at least 50 

years.  

 

The reference site is an uncultivated site for a long time, a site 

where no human or animal activity was performed. This site is 

nearby the study site (1 km in maximum) so both the site can 

share similar climatic and geological conditions. The 

comparison of these two sites allows us to study the effect of 

intensive farming practices on soil properties. This reference 

site is used as reference in the assessment of the rate of soil 

degradation in each watershed. The reference site in Lokogba 

is a sacred forest installed since 62 years. The reference site in 

Linsinlin is a natural forest near Couffo River under 

conservation more than 120 years by traditional religion. The 

reference site in Govié is a sacred forest established since 55 to 

60 years. 

 

2.2 Soil sampling 

 

To estimate the soil degradation state in the three watersheds, 

in total 42 soil cores were collected from the Lokogba 

watershed. Among these 20 bulk cores and 1 sectioned core 

were collected from the transect 1 while 20 bulk cores and 1 

sectioned core were collected on the transect 2 along the two 

parallel down slope transects. Similarly total 35 soil cores were 

collected from the Linsinlin watershed. Here also these soil 

cores were selected from the two parallel down slope transects 

i.e. 15 bulk cores and 1 sectioned core on transect 1, 18 bulk 

cores and 1 sectioned core on transect 2 were collected.  
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Figure 1 Map showing studies sites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Effect of intensive farming practices on soil bulk density along two transects of Govié watershed. 
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Lowest numbers of soil cores (26) were collected from the 

Govié watershed. Among these, 12 bulk cores and 1 sectioned 

core were collected from the transect 1 while12 bulk cores and 

1 sectioned core were collected from the transect two.  12 soil 

cores i.e. 10 bulk cores and 2 sectioned cores were collected in 

on the reference site of each study site. These soil samples 

were taken at a depth of 40 cm. For sectioned cores, samples 

are cut to 2 cm thickness from deep 0 to 20 cm, 4 cm from 

deep 20 to 40 cm. Thus, in a soil core, 15 samples were 

obtained. The cores in reference site were collected in a grid of 

2 m x 2 m. 

 

2.3 Soil Physical preparation 

 

Each soil sample was air dried and oven dried at around 60°C 

for 48 hours and the weight of the dried sample was recorded 

(Mt). The sample was lightly ground or hand disaggregated 

and sieved through a 2 mm mesh to separate soil particles from 

the coarser rock fragments. The weights of the two fractions 

less and greater than 2 mm were recorded (Mf and Mc). The 

bulk density and porosity of the soil sample (fine fraction) 

were calculated by the formulas of Bulk density (g.cm
-3

) = Dry 

soil weight (g) / Soil volume (cm
3
) and Soil volume = 3.14 x r

2
 

x h; h = depth of soil sampled. The biomass of the root 

available in each sample was also evaluated. 

 

2.4 Chemical analysis of soil samples 

 

For chemical analysis each soil sample was air dried and 

sieved through a 2 mm mesh. This sample was further taken 

for the chemical analysis and total soil nitrogen content was 

determined by Kjeldjal method (Jones et al., 1991) while the 

available form of P was estimated by Bray 1 method (Bray & 

Kurtz, 1945) and total P was calculated by Duval method 

(Duval, 1962). Potassium content of these collected samples 

determined by atomic absorption method (Fishman & Downs, 

1966) and soil organic matter content (SOM) measured by 

Walkley and Black method (Walkley & Black, 1934). 

 

2.5Statistical analysis 

 

T-test was performed with SAS version 9.2 software to 

compare physical and chemical characteristics of watershed 

transect soil to those of reference site. Average equality of two 

independent samples test was performed with the same 

software to compare the two transects soil characteristics. 

 

3 Results  

 

3.1 Soil bulk density and root biomass 

 

Bulk soil density and root biomass of the soil collected from 

Lokogba watershed suggested that along with the transect 1 

and 2, the density of the soil is greater than the reference site 

and this stands for soil compaction due to overexploitation and 

tillage. These results are confirmed by the root biomass content 

of the soil which was reported very low along transect relative 

to the reference site. A significant difference was reported 

between soil bulk density of transect 2 and that of the reference 

site (p < 0.0001) while between thetransect 1 and the reference 

site, this difference was not reported significant at the 5% level 

(p = 0.062). Independent two samples T-test showed that the 

soil bulk density of the transect 1 is not different from that of 

the transect 2 (p = 0.136). Bulk density of the soil is same in 

the two transects (Figure 2 and 3). 

 

 

 

 

 

 

 

 

 

 

Figure 3 Effect of intensive farming practices on soil root biomass along two transects of Govié watershed. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Effect of intensive farming practices on soil bulk density along two transects of Lokogba watershed. 
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Figure 5: Effect of intensivee farming practices on soil root biomass along two 

transects of Lokogba watershed. 

Figure 6 Effect of intensive farming practices on soil bulk density along two 

transects of Linsinlin watershed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Effect of intensive farming practices on soil root biomass along two 

transects of Linsinlin watershed. 

Figure 8 Effect of intensive farming practices on soil nitrogen content along two 

transects of Govié watershed. 
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Figure 9 Effect of intensive farming practices on soil nitrogen content along two 

transects of Lokogba watershed. 

Figure 10 Effect of intensive farming practices on soil nitrogen content along two 

transects of Linsinlin watershed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Effect of intensive farming practices on soil available P along two 

transects of Govié watershed. 

 

 

 

Figure 12 Effect of intensive farming practices on soil available P along two 

transects of Lokogba watershed. 
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Figure 13 Effect of intensive farming practices on soil available P along two 

transects of Linsinlin watershed. 

Figure 14 Effect of intensive farming practices on soil organic matter along two 

transects of Govié watershed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 Effect of intensive farming practices on soil organic matter along two 

transects of Lokogba watershed. 

 

Figure 16 Effect of intensive farming practices on soil organic matter along two 

transects of Linsinlin watershed. 
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Similarly from the Linsinlin watershed, the density of the soil 

along transects was reported substantially equal to that from 

the reference site. But root biomass of soil along transect is 

lower than the reference site. This can be justified that this 

reducing biomass may be because of continuous cropping 

(Figure 4 and 5). There is nosignificant difference between soil 

bulk density of the two transects and it is p = 0.757 for 

transect1 and p = 0.059 for the transect 2. The two transects 

have a similar soil bulk density and root biomass because the 

probability of independent two-samples T-test a rep = 

0.137and p = 0.284 respectively, so more than 5%. However, 

the root biomass of the soil both transects is significantly 

different from that of the reference site (p <0.0001). 

 

At the Govié watershed the density of the soil of transect 1 is 

greater than the reference site which stands for soil compaction 

due to overexploitation and tillage. One-sample T-test showed 

that the soil bulk density of transect 2 is very significantly 

different from that of the reference site. At the transect 1, the 

difference is not significant at 5% level (p = 0.272). The root 

biomass content of the soil is very low along transects relative 

to the reference site. There was a very highly significant 

difference between the soil root biomass of both transects and 

that of the reference site (p < 0.0001). The soil bulk density 

and root biomass are the same at both transects from the 

independent two-samples T-test (p = 0.109 and p = 0.283 

respectively). The study site Watershed  Goviéis homogeneous 

from the soil bulk density point of view of and root biomass 

(Figure 6 and 7). 

 

3.2 Soil chemicals properties 

 

3.2.1 Soil acidity 

 

The reference site of the village Goviéis is characterized by 

neutral soil reaction (pH = 6.57) while the soil samples 

collected from the watershed are acidic in nature. This 

difference in soil acidity is significant at the 0.1% level (p < 

0.0001) at both transects. The difference between the current 

acidity and exchangeable acidity shows that the watershed soil 

has an average acidification potential. Unlike Govié’s village, 

soil of reference site and soil of watershed in Lokogba and 

Linsinlin villages are low acid.  

 

However, the t-test showed a significant difference of current 

soil acidity at the 5% level between the reference site and the 

Lokogba watershed. On this watershed, no significant 

difference was reported in the potential acidity. In the village 

of Linsinlin, there is no significant difference between the 

current and potential acidity of the reference site and the 

watershed. The potential for soil acidification in Lokogba 

watershed is average. However, this potential is low in the 

village of Linsinlin because the difference pHH2O - pHKCl is 

below 0.5 (Table1, 2 and 3). 

 

3.2.2 Soil nitrogen content 

 

Reference sites of the three watersheds are rich in nitrogen and 

this content varies between 0.15 and 0.25% depending on the 

interpretation standards (Calvet & Villemin, 1986). In case of 

watershed, the soil of Govié watersheds are rich in nitrogen at 

both transects and it is superior than the soil of reference site 

(Figure 8).This difference between the soil nitrogen content of 

the reference site and watershed is significant at the 0.1% level 

(p < 0.0001).  

 

 

 

 

Table 1 Effect of intensive farming practices on soil acidity along two transects of Govié watershed. 

 

Soil samples 

point 

Transect lenght 

(m) 

Current soil acidity Exchangeable soil acidity 

Transect 1 Transect 2 Transect 1 Transect 2 

P1 0 5.5 5.1 4.4 4.1 

P2 15 5.2 5.1 4.3 4.5 

P3 30 5.0 5.1 4.2 4.2 

P4 45 5.1 5.4 4.3 4.7 

P5 60 5.3 5.1 4.6 4.4 

P6 75 5.2 4.9 4.2 4.1 

P7 90 5.0 5.3 4.2 4.6 

P8 105 7.1 5.4 4.9 5.0 

P9 120 6.1 5.5 5.3 4.6 

P10 135 6.0 5.3 5.3 4.5 

P11 150 5.4 5.5 4.6 4.9 

P12 165 5.0 5.3 4.2 4.6 

    Reference site 6.6 6.4 

Studies sites vs 

Reference site 

T-Value -6.13 -24.84 -15.35 -21.95 

Pr-Value <0.0001*** <0.0001*** <0.0001*** <0.0001*** 
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Table 2 Effect of intensive farming practices on soil acidity along two transects of Lokogba watershed 

 

Soil samples point Transect lenght 

(m) 

Current soil acidity Exchangeable soil acidity 

Transect 1 Transect 2 Transect 1 Transect 2 

P1 0 6.6 6.0 5.3 5.2 

P2 15 6.1 6.0 5.5 5.2 

P3 30 6.2 6.3 5.7 6.2 

P4 45 6.2 6.1 5.5 5.6 

P5 60 6.0 5.9 5.3 4.9 

P6 75 6.1 6.2 5.6 5.5 

P7 90 6.1 6.0 5.5 5.3 

P8 105 6.1 6.3 5.4 5.9 

P9 120 5.8 5.9 5.0 5.0 

P10 135 5.8 6.0 5.1 5.5 

P11 150 5.6 6.0 4.7 5.3 

P12 165 6.3 5.9 5.8 5.1 

P13 180 6.4 5.5 5.7 4.5 

P14 195 6.2 5.7 5.4 4.8 

P15 210 6.0 5.6 5.4 4.9 

     Reference site 5.8 5.4 

Studies sites vs 

Reference site 

T-Value 4.69 2.70 -0.09 -1.24 

Pr-Value <0.0001*** 0.017** 0.930 (ns) 0.235 (ns) 

 

The soil of Lokogba watershed is not rich in nitrogen unlike 

the reference site (Figure 9).The t-test showed that the nitrogen 

content of the soil of Lokogba watershed is significantly 

different from the reference site at 0.1% level (p < 0.0001). 

These results are similar to those obtained on the Linsinlin 

watershed where the soil is very rich in nitrogen as well 

(Figure 10). 

 

3.2.3 Soil phosphorus content 

 

Soil of the Govié watershed (Figure 11) have very low 

phosphorus availability in the two transects and the reference 

site (P2O5 < 40 ppm). The t-test showed no significant 

difference between the available phosphorus content of the soil 

of the watershed and the reference site (p = 0.8415). 

Phosphorus availability for the crop is 4.43% on the reference 

site while it 4.38% to 4.56% in the two transect of watershed 

respectively. The soil of this watershed therefore has a problem 

in phosphorus solubilization and soil has an available 

phosphorus deficiency. In the Lokogba watershed, reference 

site and watershed soil are also very low in available 

phosphorus (Figure12) but the available phosphorus content of 

the reference site was higher (10.93 ppm) than the watershed  

and phosphorus level was 7.92 ppm for the transect 1 and 7.11 

ppm for the transect 2. There is a significant difference 

between the content of available phosphorus on reference site 

and the watershed at 0.1% level. The one sample t-test showed 

that the two transects have almost similar available phosphorus 

content. Similarly, the availability of phosphorus in the 

Lokogba watershed soil (Available P / Total P) was also very 

low and it was 10.56% for the reference site and 10.40 to 

11.08% in the watershed. The soil of Lokogba’s village has 

also a phosphorus retrogradation problem, but not as much as 

the soil of Govié. The results are similar at the Linsinlin 

watershed where phosphorus availability varies from 8.47% to 

11.16% on the watershed against 8.79% in the reference site 

(Figure 13). The three sites are very low in available 

phosphorus for the crop. The ratio Nt/Pt (Total nitrogen / Total 

P) is higher than 4 at all sites and then shows an imbalance 

between phosphate and nitrate supplies (Boyer, 1982). 

 

3.2.4 Soil organic matter 

 

Reference sites of Lokogba and Govié had higher Soil Organic 

Matter (SOM) than the Linsinlin. The soil organic matter is 

lower in all studied sites than in reference sites. The soil 

organic matter content of the Govié and Lokogba watersheds is 

significantly different from that of their reference site at 0.1% 

level. But the difference is not significant at the Linsinlin 

watershed. The three watersheds have different behaviors 

towards the decomposition of soil organic matter. Compared to 

the reference site, decomposition of soil organic matter is fast 

in Linsinlin (C:N<8), normal in Govié (8 <C:N <12) and poor 

in Lokogba (C:N> 12) . In watershed, the decomposition of 

soil organic matter is fast in Govié and Lokogba, normal on the 

transect 2 in Linsinlin watershed but bad on the transect 1 of 

the site. This poor decomposition of soil organic matter on the 

transect 1 in Linsinlin watershed is due to the presence of 

several concave sampling points on this transect. In these 

concave points are cumulated soil fine particles, plant residues 

and water, resulting from water erosion, reducing the 

biological activity of the soil and organic matter leading to low 

humification (Figure 14, 15 and 16). 
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4 Discussions 

 

4.1 Bulk density and root biomass content 

 

Bulk density is an indicator of soil compaction. It is used to 

express soil physical, chemical and biological measurements 

on a volumetric basis for soil quality assessment and 

comparisons between management systems. High bulk density 

is an indicator of low soil porosity and high soil compaction 

(Arshad et al., 1996). The soil the study sites has a higher bulk 

density than that of the reference sites. So under the effect of 

farming practices, soil becomes compact, an indicator of soil 

degradation. Compaction can result in shallow plant rooting 

and poor plant growth, influencing crop yield and reducing 

vegetative cover available to protect soil from erosion. 

Agricultural activities significantly influence the bulk density 

in the horizons A of cultivated soils (Brady & Weil, 2002).  

 

The high value of bulk density at watershed compared to 

forests (reference site) reflects the effects of repeated brush 

fires and bare with no plant protection updates after 

deforestation and generally absence of any input of organic 

matter on this land use (Boyer, 1982; Segalen, 1995). This 

leads to intense erosion due to heavy rainfall in the tropics and 

soil can quickly present a compacted horizon at shallow depth 

that limits and restricts rooting, water supply and minerals 

absorption (Alongo et al., 2013). Low bulk density values in 

the forest (reference site) are due to the process of humification 

and decomposition of organic matter occurring initially in the 

upper soil horizons and root biomass development (Boa, 1990; 

Harmand & Nutti, 1998). 

 

4.2 Soil acidity 

 

Soil acidity is an indication of the general soil level equivalent 

chemical elements. Soil acidity is in direct relation with the 

exchangeable cations and anions (Brady & Weil, 2008). Soil 

acidification is a natural process and is generally accelerated 

by agriculture. The rate of acidification varies enormously 

depending on the soil type, land use, productivity and 

management of the farming system (Moore, 2001).The 

acidification is a natural phenomenon which born with 

pedogenesis and higher in humid tropical climates, also caused 

by the cultivation and the gradual deterioration in entire 

regions studied including alternate climate (Dabin, 1985). 

 

Clearing and intensification of agriculture contributes to soil 

acidification. There is regular soil impoverishment with 

culture. Many experiments have been made in various areas, 

especially in alternate climates on ferralitic soil. These 

experiments showed that the soil is gradually depleted from the 

forest to the cultivation (Siban, 1972). Fauck (1956) indicates a 

reduction in pH from 0.15 to 0.20 units per year after clearing 

and in 6 years of cultivation, the pH is evolved from 6.5 to 5. 

There is almost no study on soil acidity along transects 

watershed. 

 

 

Table 3 Effect of intensive farming practices on soil acidity along two transects of Lokogba watershed 

 

Soil samples point Transect lenght 

(m) 

Current soil acidity Exchangeable soil acidity 

Transect 1 Transect 2 Transect 1 Transect 2 

P1 0 7.1 6.2 7.0 6.0 

P2 15 6.6 5.8 6.4 5.4 

P3 30 6.5 6.1 6.1 5.6 

P4 45 6.3 6.0 5.6 5.9 

P5 60 6.2 6.0 5.2 5.7 

P6 75 6.2 6.0 6.0 5.8 

P7 90 5.8 5.3 5.7 5.0 

P8 105 5.5 5.1 5.3 5.0 

P9 120 4.9 5.2 4.8 5.1 

P10 135 5.0 6.1 4.9 6.0 

P11 150 5.6 6.4 5.5 6.0 

P12 165 6.1 6.4 5.2 6.1 

P13 180 5.9 5.3 5.7 5.1 

P14 195 7.4 5.1 7.0 4.8 

P15 210 6.3 5.4 6.3 5.3 

    Reference site 6.0 5.7 

Studies sites vs 

Reference site 

T-Value 0.53 -1.96 0.45 -1.57 

Pr-Value 0.607 (ns) 0.070 (ns) 0.657 (ns) 0.139 (ns) 
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4.3 Soil nitrogen content, available phosphorus and organic 

matter 

 

Soil organic matter, nutrients and soil structure are the main 

factors influencing soil fertility. Many of African countries 

soils are heavily depleted of nutrients, and soil organic matter 

is below 1.0% or even 0.5% in the top soil (Bot &Benites, 

2005). The reason for a decline in SOM and the closely linked 

nutrient content is simply that the biomass and nutrient cycle is 

not sustained; meaning more material in the form of soil 

organic matter and / or nutrients (especially the macro-

nutrients of nitrogen, phosphorous and potassium) leaves the 

system than is replenished. This results from removal of crop 

products and residues (plant biomass), loss through soil 

erosion, leaching of nutrients (below the rooting depth), 

volatisation of nutrients (e.g. nitrogen) and accelerated 

mineralization of SOM through tillage (FAO, 2011). 

 

Nitrogen losses to other compartments of the ecosystem are 

related to its  runoff in to the river, leaching, absorption by 

plants, organization by the microflora, biological 

denitrification and its volatilization from the soil (KauarkLeite, 

1990). The low organic matter, nitrogen and available 

phosphorus in the watershed soil compared to the reference 

site, is due to farming activities and especially to water 

erosion. Water erosion of soils, it is not just the land that goes 

into the river. It carries with it many other nutrients. Nitrogen 

is highly soluble in water, can be found easily in runoff into 

streams or groundwater through leaching. Phosphorus mainly 

associated with soil particles is found in the river runoff 

(COGEBY, 2004). Organic matters are light enough, are 

transported by runoff.  

 

Dautrebande et al. (2006) reported that the add to the loss of 

land out of watersheds associated starting nutrients (nitrogen, 

phosphorus) of organic matter dissolved in runoff water or 

attached to soil particles them- same. The organic material is 

transported either by surface runoff or as individual particulate 

form or attached to soil mineral particles (TBE, 2005). These 

departures thus explain the deficit of watershed soil in nutrients 

and organic matter. 

 

Conclusion 

 

Watersheds are very sensitive to degradation. With intensive 

farming practices, soils of these watersheds are degraded 

further. The results of this study confirm this assertion. 

Compared to nearby reference sites (undisturbed forest), the 

soil of studies watersheds is more compact (high bulk density) 

and has a very low total nitrogen, available phosphorus, 

organic matter and root biomass. To combat soil degradation 

of these watersheds, it will promote farming practices that 

preserve the physical, chemical and biological soil. This is 

necessary to improve crop productivity and food security of the 

population living in these watersheds. 
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