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Abstract 

Soil degradation is pervasive phenomenon in the current generation. It is a grim problem for most compartment 
of the world which leads to depletion of soil fertility and which in turn induces reduction in crop production and 
food insecurity. Analysis of drivers of this devastating environmental problem is a primary question to be 
answered for design appropriate soil conservation measures. Thus we have made an attempt to review elements 
that govern soil degradation process. Anthropogenic factors united with biophysical factors are triggers of soil 
degradation. Biophysical factors of soil degradation include climate (rainfall and wind), topography, soil, 
hydrology and vegetation. Anomalous physical characteristics of rainfall, including amount, distribution, intensity, 
energy load, seasonality and variability of rainfall are cause of soil degradation via runoff. Soil properties itself can 
drive soil degradation depend on poor condition of key properties including texture, structure, organic matter 
content, parent material properties, water retention and transmission. Exhilarating land scape characteristics like 
steep slope gradient, length and shape are the important variables of landform that can custody soil degradation 
process. Indigent vegetation cover plays crucial role in aggravation of soil degradation because, rain drops directly 
hit soil and easily form storms which can wash soil particles.  Humans also play a major role in altering soil through 
vegetation encroachment, over grazing, continuous cultivation and faulty farming. Every injudicious human being 
activities are vexing soil system and abusing the soil resource.  In general soil degradation is being driven by 
assortment of natural factors amalgamated with abuse of natural system by human. Conservation strategies 
should be comprehensive by considering biophysical factors and curbing unwanted human interference.   

Keywords:  Anthropogenic, biophysical factor, soil conservation, soil degradation, faulty farming.   

Introduction 
The soil is a non-renewable resource that govern numerous 
ecological process and medium for human food production 
(Ochoa et al., 2016). Recently, the capacity of a soil to 
function within the ecosystem and to interact positively 
with nearby ecosystems is being looser (Pulido et al., 2017). 
Accelerated soil degradation has reportedly affected the 
Earth's surface and implies a decline in soil quality with an 
attendant reduction in ecosystem function and services 
(Nunes et al., 2011; Xu et al., 2015). Soil degradation is a 
serious threat to global agricultural sustainability because 
soil resources are finite on a human time scale. Sustainable 
agriculture depends, among many other issues, on how 
efficiently it can use the natural resources, specifically soil 
and water (Vanwalleghem et al., 2017). Soil degradation is 
manifested in the form of soil erosion, gully formation, soil 
fertility loss, severe soil moisture stress, loss in soil depth 
and organic matter (Teklewold and Köhlin, 2010). The loss 
of soil fertility and cropland is a serious problem because 
the World Health Organization (WHO) reports that  
more than 3.7 billion people are mal-nourished and  

under-nourished (Pimentel and Burgess, 2013). Soil is being 
lost from land areas 10 to 40 times faster than the rate of 
soil renewal imperiling future human food security and 
environmental quality (Eze and Osahon, 2016). Many 
countries of the world suffering from the problem of 
accelerated soil erosion however the developing countries 
suffer more because of the inability of their farming 
populations to replace lost soils and nutrients (Herweg and 
Ludi 1999; Pimentel and Burgess 2013). For example, all 
physical and economic evidence shows that land resource 
productivity is a serious problem in Ethiopia with the 
continued population growth the problem is going to 
escalate in the future (Bewket and Sterk 2003; Muleta et al., 
2006; Beyene 2011; Tibebe and Bewket 2011; Yitbarek et al., 
2012; Adimassu et al., 2012; Haile and Fetene 2012; 
Haregeweyn et al., 2013; Kassa et al., 2013; Pimentel and 
Burgess 2013; Gashaw et al., 2014; Adugna et al., 2015; 
Meseret 2016; Tadesse et al., 2017). Over the last decades, 
population growth has outstripped agricultural production 
and income growth in Ethiopia. In the highlands, soil, the 
basic natural resource on which the livelihood of the 
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majority of the population is based, has been degraded 
progressively (Meseret, 2016). Likewise, many authors 
stated that the main obstacle to sustainability of 
subsistence farmers is the depleted soil organic matter 
caused by land degradation (Esser and Haile 2002; 
Thiemann 2005; Amsalu and Graaff 2006; Zegeye 2009a; 
Beyene 2011; Mushir and Kedru 2012; Adugna et al., 2015). 
The vulnerability of people for this devastating problem is 
not uniform all over the country because the northern and 
highland portions of the country found to be under sever to 
very severe degradation risk due to some reasons like: 
mountainous land escape, erosive rainfall and poor soil 
quality (Kassa et al., 2013; Palace et al., 2015). Biophysical 
factors coupled with anthropogenic induced land cover 
changes are triggers of soil degradation ( Mekuria and 
Aynekulu 2011; Olang et al., 2012; Grimaldi et al., 2013).  
An evaluation of such biological factors of degradation and 
their relationships and interactions within the immediate 
and vulnerable ecosystems is vital to aid decision making 
geared towards the development of proper catchment 
management strategies.  
 
Biophysical and anthropogenic factors for soil degradation 

Climate: The two most important climatic parameters 
having a direct effect on soil degradation are precipitation 
and wind velocity (Bewket and Sterk 2003; Nearing 2013). 
Of the climatic factors aggravating soil erosion, high 
intensity of rainfall on steep relief is the major one.  The 
impact of raindrops, with tremendous amounts of energy, 
on bare and  unprotected soil starts the process of erosion 
by water  (Nearing, 2013). The impact of the raindrop causes 
a splash, which seals off infiltration as the soil pores get 
plugged with fine particles. Splash erosion grows into sheet 
erosion and then rill erosion. Eventually, the rills form big 
gullies, which accelerate the erosion process. The impact of 
the raindrop depends on the level of soil cover; plant cover 
is often lacking due to problems of deforestation,  
over-cultivation and overgrazing. Other climatic factors 
have an indirect effect on soil erosion, such as water 
balance, evapotranspiration, temperature and relative 
humidity. Indirect factors affect the erosivity of rainfall by 
altering the soil moisture regime and the proportion of 
rainfall that may become surface runoff (Xu et al., 2015). For 
erosion control it is necessary to investigate physical 
characteristics of rainfall, including the amount, distribution, 
intensity, energy load, seasonality and variability of rainfall 
and the formation and course of surface runoff. In general 
variation in natural factors, such as rainfall intensity and 
amount, has significant role of accelerating erosion. For 
example, in the tropics, 40% of falling rain is said to be 
erosive, while in temperate areas only 5% is erosive, due to 
the difference in intensity and snowfall (Šúri et al., 2002). 
Loss of topsoil through runoff is increased by the absence 
of soil cover, steep slopes and intrinsic soil properties. 

The problem is particularly serious at the onset of the rains 
when ploughed fields are without any vegetation cover.  
 
Soil: The types of soil by itself are also a contributing factor 
for soil degradation. The susceptibility of a soil to erosion is 
influenced by its physical, hydrological, chemical and 
mineralogical properties as well as its soil profile 
characteristics (Salako, 2003). Important soil physical and 
hydrological properties that affect the resistance of a  
soil to erosion include texture, structure, organic matter 
content, parent material properties, water retention and 
transmission properties (Gupta and Uniyal 2012; Zhu 2014). 
In terms of soil texture, silt, very fine sand, and clay soils 
tend to be less erodible than sand, sandy loam, and loamy 
soils (Zhu, 2014). Increasing soil depth can bring about a 
higher water holding capacity, which may prevent overland 
flow by absorbing larger amounts of rainfall (Zhu, 2014). 
Shallow soil profiles allow less rainfall to be infiltrated and 
stored, and this process would logically results in increased 
erosion (Vanwalleghem et al., 2017; Ouyang et al., 2018). 
Stones coverage at the soil surface can have negative as 
well as positive effects on soil degradation through soil 
erosion. These effects comprise the shielding of the soil 
surface from detachment by raindrop splash and runoff or 
the interception of splashed sediment. However, after 
surface runoff is initiated, existence of stones may cause 
adverse effects by encouraging rill erosion through water 
turbulences (Zhu, 2014). Soil structure influences the ease 
with which soil can be eroded. Soils with a medium to fine 
texture, a low level of organic matter content, and weak 
structural development are most easily erode. Typically 
these soils have low water infiltration rates and therefore 
are subject to high rates of water erosion and are easily 
displaced by water  and wind energy (Pimentel and Burgess 
2013). In general, soil types like Regosols are shallow in 
terms of depth and characterized by poor water holding 
capacity. Vertisols have poor drainage when wet and form 
cracks during moisture stress. Leptosols are shallow in 
depth due to the underlying hard rock and calcareous 
material. Thus, types of soil has very crucial role in soil 
degradation phenomenon.  
 
Topography: Topography is a key factor contributing to soil 
degradation in the form of erosion especially, when the 
ground slope exceeds a critical angle (>300) (İmamoglu  
et al., 2014). Slope gradient; slope length and shape of slope 
are the important variables of landform that affect erosion 
processes for all types of soil erosion, e.g., splash, sheet, rill, 
and gully erosion  (Koulouri and Giourga, 2007; Gupta and 
Uniyal, 2012). Convex slopes are more susceptible to sheet 
and splash erosion than concave slopes (May and Place, 
2005). Moreover, High altitude and cold temperatures in 
certain areas do not favor the establishment of trees and so 
soil erosion might be intense.  
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The volume of eroded soil and area damaged by the rills are 
varied with the topographic position of the field (Zegeye 
2009a; Bewket and Sterk, 2003). Among watershed 
classification schemes, mid slope positions are more 
vulnerable to washing soil particles (Bewket and Sterk 
2003). The explanations are to be found in the processes of 
surface runoff concentration and initiation of rills as 
channels for overland flow. In the upslope fields, surface 
runoff has to flow over a critical distance before 
concentration and runoff occurs; and in the down slope 
fields, the large amount of sediment carried by the surface 
runoff limits the scouring capacity of the flow and 
sedimentation becomes the important process (Ochoa  
et al., 2016). The critical distance over which surface runoff 
has to flow before concentration into rills starts varies with 
the slope angle of the fields. Mostly In the fields located 
upslope sheet wash and splash are the dominant form of 
soil erosion by water (Bewket and Sterk, 2003). 
 
Vegetation cover: The amount of soil erosion is also affected 
by vegetation cover as soil erosion potential is increased if 
the soil has no or very little vegetative cover of plants 
and/or crop residues (Thorne 1990; Fen-li 2006; Koulouri and 
Giourga 2007). Vegetation significantly reduces the erosion 
rate by intercepting raindrops. The vegetation cover results 
in better water holding capacity, reduces runoff, and 
improves infiltration. Plant and residue cover protects the 
soil from raindrop impact and splash, tends to slow down 
the movement of surface runoff and allows excess surface 
water to infiltrate (Gupta and Uniyal, 2012). Different land 
can displayed different degrees of land degradation and 
nutrient concentration, which is illustrated by the variation 
in vegetation composition, aboveground biomass, and  
leave nutrient content and properties (Mekuria and 
Aynekulu, 2011). Forest land and area free from 
anthropogenic disturbance have significantly higher 
nutrient content and less soil loss than adjacent bare land 
(Mekuria and Aynekulu 2011; Olang et al., 2012). 
 
Hydrology: Infiltration, surface retention, overland flow 
velocity, and subsurface water flow are important soil 
erosion components of the hydrological cycle (Gao and Liu 
2010; Ravi et al., 2010; Rafiei et al., 2015). The different types 
of flow and their velocities may be turbulent or laminar, 
steady or unsteady, uniform or non-uniform and influence 
the extent of erosion (Gupta and Uniyal, 2012). The integral 
influence of hydrology with climate, vegetation–land use 
changes are reflected by the field water balance and soil 
moisture regime. The rise in temperature; increases the 
potential evapotranspiration; decreases R (Runoff), water 
infiltration (I) and water storage (S) and groundwater 
recharge (G), the plant canopy is suffering from limited 
water supply due to climate or soil-induced drought, e.g. 
low precipitation or limited water storage capacity (Sun  

et al., 2017). The decrease in atmospheric precipitation will 
result in a decrease: water infiltration (I) and water storage 
(S) in the soil; and plants’ water supply; filtration losses and 
groundwater recharge (G); but, it increases evaporation 
losses; the rate of transpiration; increasing the risk of wind 
erosion for dry surfaces and thus drought sensitivity with its 
physiological, ecological and environmental consequences 
(Gao and Liu 2010; Jayarathne et al., 2010; Ravi et al., 2010; 
Tebebu et al., 2010; Rafiei et al., 2015). Groundwater is one 
of the most important hydrological factor of land 
degradation especially land subsidence in arid and semi-arid 
areas (Tebebu et al., 2010). Understanding the relationship 
between water extraction and recharge of groundwater 
can lead to better watershed management.  Exploitation of 
ground water resource exceeding the recharge, and 
consequently decrease in the water table is a major cause of 
land degradation (Tebebu et al., 2010). In the gully, where 
the water table is close to the gully bottom, gully erosion 
occurs by the sliding of the gully walls (both at the head 
cutting end and from the sides into the bottom of the gully. 
Slumping occurs, because the pore water pressure above 
the gully bottom pushes the soil out when soils are 
saturated and the pore water pressure is greater than the 
soil strength. Thus, the elevated water table appears to 
facilitate the slumping of gully walls, which causes the gully 
to widen and to migrate up the hillside. 
 
Land use: Humans play a major role in soil erosion through 
their use and abuse of natural resources, for example, 
deforestation, grazing, arable land use, faulty farming 
systems, high crop intensity, housing construction, and 
mining (Zhi et al., 2005). Agricultural lands are more 
vulnerable to land degradation and contribute a lot for soil 
loss via erosion process (Olang et al., 2012). Cropping of 
cereals, particularly tiff aggravates the situation as farmland 
requires repeated ploughing (heavy pulverization) before 
sowing and it remains bare at the onset of the rains. 
However, tiff remains the staple and cash crop for 
Ethiopians, it is grown in a wide range of agro-ecologies and 
the stalks (crop residues) are good sources of feed for 
livestock. A similar situation exists for finger millet. In 
addition, the higher soil nutrients content and properties in 
enclosures indicate that enclosures have a significant 
positive effect on the restoration of degraded soils because 
of overgrazing (Mekuria and Aynekulu, 2011; Angassa 2012). 
The positive correlation of soil nutrient content and soil 
properties in enclosures with woody species biomass, 
vegetation canopy cover, and enclosure duration  indicate 
that enclosures influenced soil nutrient content and soil 
properties through a higher organic matter input into  
the soil with time (Mekuria and Aynekulu, 2011). Unlike 
agricultural soils, forest soils are naturally fertilized by litter 
fall from plants; the greatest amounts of nutrients can be 
sequestered in woody species. 
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Conclusion 
Soil degradation is a major global issue for the century and 
will remain high on the international agenda even for the 
21st century due to likelihood of continuation of soil 
degradation drivers. Natural factors and human induced 
changes can govern the problem. The impact of raindrops 
and high-speed wind, with tremendous amounts of energy, 
on bare and unprotected soil starts the process of soil 
degradation by agents like water and wind. The impact of 
the raindrop causes a splash, which seals off infiltration as 
the soil pores gets plugged with fine particles and trigger 
surface runoff. Eventually, the rills form big gullies, which 
accelerate the erosion process. The impact of the raindrop 
depends on the level of soil cover; plant cover is often 
lacking due to problems of deforestation, over-cultivation 
and overgrazing. Soil properties that affect the resistance of 
a soil including texture, structure, organic matter content, 
parent material properties, water retention and 
transmission properties play role in aggravating soil 
degradation. Poorly aggregated and shallow soils are easily 
degraded by any degradation agents.  Steep slope and poor 
vegetation covers can increase degradation by increase 
runoff and reduce infiltration capacity of soils. In addition 
human induced changes on land use system and abuse of 
natural ecosystem like overgrazing, faulty farming are 
drivers of soil degradation problem. 
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