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Abstract 
 
The research work was conducted on eroded soil in the Keroua forest of Saida, Algeria, whose objective 

is to know the changes in the physicochemical and biological properties of forest soils subjected to the effect of 
water erosion. The samples were taken to a depth between 0-10 cm in each zone (eroded zone and control 
zone). Our results show that the biological properties are the most affected by water erosion where there was a 
significant decrease in basal respiration and microbial biomass, which had a negative influence on the metabolic 
quotient (higher values in the eroded area). For chemical properties, there was an increase in organic matter 
and total limestone, while the pHWater decreased in the eroded zone. For the physical properties. We raised a 
slight difference between the two areas, but which was not statistically significant. 
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Introduction 
 
The modification of natural ecosystems into agroecosystems accentuated the severity of soil erosion in 

the first half of the 20th century (Rémillard, 2011). Vegetation cover tends to weaken and soils are increasingly 
exposed to leaching and erosion, which leads to irreversibility of the situation and causing the desertification of 
this area (Von Hardenberg et al., 2001). 

The loss of soil surface layer by water erosion has been identified as one of the major elements of soil 
degradation (Avakoudjo, 2015). As a result, it can negatively affect the functioning of the pores which transmit 
and retain water, and be a major obstacle to producing enough food to meet the demand of the growing world 
population (Pimentel, 2006). According to Avakoudjo (2015), the physical properties are indicators that 
determine the soil erosion process marked mainly by the sealing of the crust on the soil surface, soil compaction, 
poor drainage, hampered root growth, excessive runoff and accelerated erosion.  

The effects of water erosion in forests are easily recognized. Visually, a loss of plant cover with the 
appearance of different forms of erosion. The intrinsic properties of the soil are not well known; therefore, it is 
very important to know the effects of this constraint on the properties of the soil and understand the damage 
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caused on the fertility of forest soils. This is what justifies this study undertaken, which aims to assess the effect 
of water erosion on the physico-chemical and biological properties of the soil in two different sites in the 
Keroua forest of Saida, Algeria. Specifically, this involves comparing the properties of uneroded soil (forest soil) 
with eroded soil. 

 
 

Materials and Methods 
 
Study area 
The study was carried out in the Keroua forest of Saida, Algeria, at an average altitude of 850 m (Figure 

1). The area, being on large depressions with not very steep rock walls, where the slope is of the order of 24%. 
However, in the affected site (34°54'43.05"N; 0° 7'27.38"E), signs of water erosion are present. On the one 
hand, a remarkable abundance of ravines, where the dimensions are different. Varying depths between 0.20 and 
3.5 m, and widths between 0.20 and 6 m. on the other hand, the formation of soil slaking crust that characterize 
these bare soils. Their presence is accentuated by cutting of wood, and the vulnerability of the soil to erosion, 
due to the aggressiveness of the rains. 

In terms of orographic homogeneity, the control zone located by GPS coordinates (34° 54'41.83 "N; 0 ° 
7'22.95" E), has the same altitude, slope and exposure (north). This site is marked by abundant vegetation that 
constitutes a good canopy ensuring protection of the soil against water erosion.  

 

 
Figure 1. Location of the study area  
 
Methodology and soil sampling 
In each of the field sites (eroded zone and control zone), the depth in which the soil samples were taken 

is 10 cm, were we have obtained a total of 25 samples in each zone. After removing the litter, fine roots and 
stones. Each soil sample was sieved to 2 mm and divided into two equal parts, one of which was stored instantly 
at -4 °C in order to analyse the soil microbial properties. The other part of the sample was air dried at room 
temperature to determine the soil physicochemical properties.  
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Physical analysis 
Soil moisture was estimated by the loss of mass observed after passing at 105 °C for 24 hours (Mathieu 

and Pieltain, 1998). Bulk density (ρv) was determined using a style ring 5 cm in height and 5.5 cm in diameter 
in the field (Blake and Hartge, 1986). 

The principle of measurement of the real density (ρ) is to determine the weight of a sample of known 
mass by placing it in a pycnometer under vacuum for several hours (until the air bubbles disappear) (Pétard, 
1993). 

Total porosity is defined as equal:  
 

� �%� =
� − �	

�
× 100  (1) 

 
For the water retention capacity. The method consists of soaking a soil sample into a beaker that 

contains water until it becomes saturated. After removing excess water, the sample will be dried in oven at 105 
°C for 24 h (Saetre, 1998). The permeability is measured according to the protocol described by (Mathieu and 
Pieltain, 1998).  

 
Chemical analysis 
The pH Water is measured in a soil suspension: water with a ratio of 1 / 2.5 and in a solution of 1N KCl 

with the same ratio, soil salinity is measured in a liquid solution with a ratio of 1, 2.5. The calcium carbonate 
(CaCO3) contents were determined by Bernard’s Calcimètre. Calcination allows us to measure the organic 
matter in the soil. The sample is placed for 16 hours in oven at 550 °C. 

 
Biological analysis 
Basal respiration (BR) is measured by injecting of 1 ml of the air produced by the substrate incubated 

for 24 hours at 23 °C. The apparatus used is a chromatograph equipped with a TCD detector and a filled 
column (Porapack) in which helium circulates at a flux of 60 mL.h-1, which measures carbon dioxide (CO2) 
(Anderson and Domsch, 1978). 

The carbon dioxide (CO2) concentration of the vials was analysed by gas chromatography and corrected 
in the same way as previously described for basal respiration after incubation with a mixture of talc and glucose. 
Induced respiration rates were converted to microbial biomass (MB) using the relation established by (Beare et 
al., 1990). 

The metabolic quotient (qCO2) is obtained as follow (Anderson and Domsch, 1978): 


��� =
��

��
 

 (2)  

 
Statistical analysis 
The statistical software used is Minitab 17 (Minitab, LLC, company, United States). The comparison 

of the means between the results of the physicochemical and microbiological properties of the uneroded soil 
(forest soil) with an eroded soil obtained in the two zones was carried out by the student t-test.  

 
 
Results  
 
Change in the physical properties of soils affected by water erosion 
The physical properties of the soil affected by water erosion did not change significantly (p> 0.05). 

However, a slight difference was observed between the two zones (Table 1). Soil moisture and water retention 
capacity increased in soils subjected to water erosion compared to forest soil by around 0.33% and 0.8% 
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respectively. For soil permeability, we recorded a decrease in the rate of infiltration by 0.09 (mm.h-1) in eroded 
soils comparing with forest soil. 

Concerning soil densities, a slight decrease (0.11 g.cm-3) was noted for the bulk density in the area 
affected by water erosion (p> 0.05). Whereas, the real density increased by around 0.07 (g.cm-3) in eroded soils 
(p> 0.05). Finally, the total porosity of the soil, which represents the ratio between these last two parameters, 
increased in the area subjected to water erosion compared to the forest area. This difference represents about 
5.08%. 

 
Change in the chemical properties of soils affected by water erosion 
The results of chemical properties show a significant decrease in pH Water and soil organic matter in 

eroded soils. While for the other parameters, the difference between the two areas is not statistically significant 
(Table 1).  

For the whole of the pH Water, pH KCl and electrical conductivity, the values recorded in the area subject 
to water erosion are low compared to the values recorded in the control area. The difference between the two 
zones is 0.18 for pH Water, 0.12 for pH KCl and 0.02 (dS.m-1) for electrical conductivity. 

The soil organic matter content (eroded soil= 12.65%; control= 8.49%) and total limestone (eroded 
soil= 9.32%; control= 3.77%) are significantly influenced by water erosion, where there was an increase of 
around 4.16% and 5.55% (respectively) in the eroded area compared to their controls. 

 
Table 1. Physico-chemical properties of control and eroded soil 

Properties Eroded soil Control Signification 

Chemical 

pH Water 7.58 7.76 * 
pH KCl 7.44 7.32 NS 

Electrical conductivity(dS.m-1) 0.24 0.22 NS 
Organic matter (%) 12.65 8.49 *** 
Total limestone (%) 9.32 3.77 * 

Physical 

Bulk density (g.cm-3) 1.17 1.28 NS 
Real density (g.cm-3) 2.49 2.42 NS 
Total porosity (%) 51.57 46.47 NS 

Moisture (%) 5.48 5.15 NS 
Retention capacity (%) 63.20 62.40 NS 
Permeability (cm.h-1) 2.55 2.64 NS 

This table records the mean values with its significance threshold (*: P<0.05; **: P<0.01; ***; P<0.001; NS: not 
significant).  

 
Change in the biological properties of soils affected by water erosion 
The constraint of water erosion caused a regression in the biological properties. However, this significant 

decrease is of the order of 0.79 (μg C-CO2.g-1 DM.h-1) for basal respiration and 1 (μg Cmic.g-1 DM) for 
microbial biomass (Figure 2). 

The metabolic quotient rates raised in the eroded areas are significantly higher than the rates of the 
control soils 24.5-1.95 (mg C-CO2.(g Cmic)-1.h-1) respectively. 
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Figure 2. Variation in biological properties in eroded and control zones 
DM: Dry mass; Cmic: Carbon Microbial 
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Discussion 
 
Water erosion is generally known as a factor in soil degradation. For that, the studies on this constraint 

are numerous and their results are different as it is our case. The literature on the effects of this constraint on 
soil moisture seems contradictory. Some authors have found that water erosion decreases the water content in 
the soil, while others have found the reverse. Our results which showed that humidity is higher in soils subjected 
to water erosion are controversial by Nandi and Luffman (2012) who found that soil samples from erosion sites 
had a slightly higher moisture content than soil samples from uneroded sites (22% and 24.54%, respectively). 

We consider that this increase is due to soil sampling in the study area which constitutes both an erosion 
area and a deposition area. This hypothesis is supported by Li et al. (2015), these authors, who compared the 
effect of water erosion in forests and adjacent edges, found higher water contents in edge soils (topographically 
forms a depression) than in forest soils. Likewise, water erosion in our study area reduced soil permeability. 
These results are supported by Vaezi et al. (2017) who concluded that, the physical properties of the soil such 
as permeability were strongly damaged by the impact of raindrops as the intensity of precipitation increased. 
According to Ramos and Pla (2003), a soil exposed to precipitation is subjected to wetting processes which can 
lead to the formation of a layer during precipitation, reducing infiltration and increasing erosion by increasing 
runoff. This decrease in permeability in soils subjected to the impact of water erosion is due to the large particles 
dislodged that can clog soil pores near the surface, which reduces infiltration and preventing water movement 
to through the soil (Wei, 2007). 

Our results showed that the retention capacity of eroded soils increased slightly. This is noted by several 
authors, who have reported that water erosion can promote breaking aggregate, accelerate sediment transport 
and reduce the water retention capacity of the soil (Shi et al., 2012; Ma et al., 2014). This increase may be due 
to the higher rate of organic matter recorded in the eroded zone. 

We recorded a decrease in bulk density and an increase in real density and total porosity. The results of 
Nandi and Luffman (2012) converge with our results. They concluded that the bulk density of uneroded soil 
is higher than the density of eroded soil, it gradually increases with depth, while in comparison, the bulk density 
of eroding soil was almost constant up to a depth of 50 cm. The same authors also add that the mean porosity 
of the soil was higher for the eroded site (47.5%) than for the uneroded site (40.7%). 

Our results showed that water erosion decreased pH Water, pH KCl and electrical conductivity. The 
decrease in pH Water in eroded sites has been recorded by (Zhang et al., 2006). Despite the significant difference 
between the two soils (eroded and control), its pH Water remains alkaline. Wiqar (2009) found that water 
erosion decreases electrical conductivity in the surface layers. The values recorded in our study for the two zones 
(eroded and control) show that our soils are “slightly salty”. The decrease in the buffering capacity of the soil 
and its electrical conductivity in the surface horizon is due to the downward movement of the soluble ions 
(Na+, K+, Mg+2 Cl-, HCO-3) with percolating water during the processes erosion and its accumulation in the 
lower compacted soil layers (Wiqar, 2009). 

The organic matter in eroded sites has increased compared to forest sites. Our results are different from 
that obtained by (Vaezi et al., 2017). They have found that in areas affected by water erosion, the organic matter 
content of the soil has decreased due to intense rainfall and runoff. We suggest that the increase in the rate of 
organic matter in the soil is a direct result of the accumulation of runoff in our eroded zone where part of it 
constitutes a deposit zone. Water erosion disturbs the topsoil and preferentially removes organic carbon from 
the eroding slope and moving it to the deposition site (Lal, 2005; Dungait et al., 2013). 

The rate of total limestone in soils subjected to water erosion is significantly higher than in forest soils. 
According to the scale proposed by Baize (1988), the forest sites present non-calcareous soils 3.27% (CaCO3 ≤ 
5%). Whereas, the eroded sites present slightly calcareous soils 9.32% (5 <CaCO3 ≤ 12.5%). This increase can 
be explained by chemical eluviation due to the flow of water in the soil profile. When rains do occur, water 
runoff can carry sediment from upper to lower slope positions; meanwhile, it also seeps from the topsoil layer 
to the deeper soil layer with the eluviation of CaCO3 (Tan et al., 2008). Also, Von Wandruszka (2006) explains 
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the increase of CaCO3 in the soil by the fact that the calcium carbonate molecule is easily immobilized by its 
adsorption and precipitation. 

Our results showed that basal respiration and microbial biomass are negatively affected by the constraint 
of water erosion. These results are similar to those found by (Moreno-De Las Heras, 2009; Huang et al., 2013), 
where they showed that water erosion significantly reduced microbial abundance and their activities in the soil. 
According to Xiaojun et al. (2013), water erosion has negative effects on soil microbial biomass. 

The quality and quantity of carbon is a more important factor influencing the biological characteristics 
of the soil (Li et al., 2015). This seems contradictory with our results which showed a strong decrease in basal 
respiration and microbial biomass in eroded soils despite its higher organic matter content. Several studies have 
found a positive correlation between the organic matter content of the soil and its microbial biomass and their 
activities (Tian et al., 2011; Zhang et al., 2011). 

The redistribution of soil microorganisms induced by erosion can considerably affect the dynamics of 
soil carbon reservoirs through their simultaneous effects on the leaching of microorganisms, and the 
enrichment of the stock of organic matter in eroded soils (Wang et al., 2010). Several experimental studies have 
shown that the stock of organic matter in eroded soils is potentially unstable due to global disturbance (Bernoux 
et al., 2006). Microbial contributions to the organic matter cycle are conditioned by the interactions of 
microbial biomass, its community structure and soil properties (Six et al., 2006). According to Huang et al. 
(2013), water erosion can contribute to the redistribution of microbial communities in sloping land. A direct 
explanation is that, under the effect of external conditions (runoff), the topsoil, in which more microorganisms 
survived than in the subsoil (Fengxue et al., 2000), was eroded and transported outside the zone. As a major 
factor affecting the vertical and horizontal movements of microorganisms in the soil, precipitation has caused 
severe microbial migration to sloping soil surfaces by the action of runoff (Abu-Ashour and Lee, 2000). The 
water potential associated with rewetting dry soil can also kill a large number of microorganisms (Schimel et 
al., 1999). 

The loss of most of the microbial biomass and the very low respiration in the area subjected to water 
erosion negatively affected the metabolic quotient. The very high rates recorded in this area confirm to us that 
the microbial population still remaining in the surface horizon of the soil is under stress of water erosion 
constraint. Noting also that, despite the amount of organic matter very abundant in these eroded soils, this 
microbial population has lacked the ability to use this resource to maintain their size and activities. 

 
 
Conclusions 
 
The phenomenon of water erosion, which naturally exists in all terrestrial ecosystems, has become a 

major problem of degradation, especially in Algerian forests. 
As a result of human action, over logging has reduced wooded areas and putting the soil under the 

striking pressure of water erosion. The results of degradation of forest soils by water erosion have shown a 
significant decrease in pH H2O. Conversely, it increased the rate of organic matter and total limestone. While, 
for the other physicochemical properties, a slight difference was recorded between the two zones, but which is 
not statistically significant.  

Basal respiration and microbial biomass have also been negatively affected by water erosion. The high 
values recorded for the metabolic quotient in the eroded zone confirmed that this constraint constitutes a stress 
for microorganisms in forest soils. 
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