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Introduction

Given that much of the soil phosphorus is associated with soil surfaces, it is reasonable to presume that soil erosion is likely to be an important mechanism for transporting phosphorus from agricultural fields to the aquatic environment. The work of Catt et al. (1998) supports this. In a comparative study of phosphorus transport routes they showed that in the Brimstone field experiment, located on a clay soil, losses of phosphorus in soil drainage were between 0.37 and 0.91 kg ha-1, compared with phosphorus losses of between 0.03 and 1.22 kg ha-1 in surface runoff. Losses in surface runoff reported from the Woburn Erosion Reference Experiment by the same authors are somewhat higher, at between 0.8 and 18.7 kg ha-1 for a four-year arable rotation. 

In this short paper I will give a brief review of soil detachment and transport processes (the term soil erosion is not used to avoid confusion). Then discuss how these processes will influence the transport of P and finally consider the prospects for modelling in this area.

Soil detachment and transport processes

Soil detachment and transport processes are well described in the literature, and reviews can be found in a number of standard texts on the subject e.g. Morgan (1995) and Hudson (1995). 

Soil detachment can be viewed as a number of interacting processes occurring within a landscape. These processes are linked spatially, by flows of energy and material and vary temporally due to changes in rainfall and soil topographical, hydrological and chemical properties. Figure 1 attempts to illustrate these relationships.  The key detachment processes of splash (raindrop) detachment and flow detachment are identified and those parameters and variables that influence them are indicated. Figure 1 could be viewed as representing a soil erosion model at a point in the landscape, however, such points will be linked to others  which they will also influence. 
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Figure 1, Flow chart demonstrating the influence of of key factors on detachment and transport processes (italic).

The processes of soil detachment and transport have been describe in terms of mathematical equations by a number of authors (e.g. Styczen. and Nielsen, 1989; Poesen, 1985). For splash detachment the most common approach is to relate the amount of splashed material to the kinetic energy of the rainfall. One such relationship is that used by the European Soil Erosion Model (EUROSEM) (Morgan et al., 1998). In EUROSEM raindrop or splash detachment (DR; m3 s-1 m-1 ) is described using the relationship:





 




(1)

where  k is an index of the detachability of the soil (g J(1) for which values must be obtained experimentally,(s is the particle density (kg m-3),KE is the total kinetic energy of the net rainfall at the ground surface (J m(2),z is an exponent varying between 0.9 and 3.1, depending on soil, and h is the mean depth of the surface water layer (mm).

Equation 1 illustrates the importance of interactions with other components of the erosion process. The kinetic energy of the rainfall is influenced by the rainfall characteristics: larger drops have larger kinetic energies, whilst smaller drops have lower energies. Rainfall characteristics are altered when raindrops hit the plant canopy: some will shatter producing smaller drops, while some will coaless on leaves before falling to the ground as large drops. Brandt (1989) has shown that, in forests, large drops from leaves may be significant sources of splash detachment. Splash detachment is also affected by the depth of water on the soil surface, which is linked to the soil’s infiltration properties and surface microtopography. 

The description of flow detachment and deposition in current process based soil erosion models is more variable. Some models such as WEPP (Nearing et al., 1989) describe both detachment and deposition separately. Others such as EUROSEM (Morgan et al., 1998) and GUEST (Rose et al., 1983) describe detachment and deposition of material as a continuous interchange of material with the current position of balance giving the ambient sediment concentration. According to the theory used in EUROSEM the flow detachment rate (DF: m3 s–1 m–1) is given by:

DF = ( w vs (Cm ( C)






(2)

where ( is a flow detachment efficiency coefficient, which becomes equal to unity when material is being deposited, Vs the settling velocity of particles m s-1, C the actual sediment concentration, w is the width of flow (m) and Cm the equilibrium sediment concentration.

Detachment by flow will be highly dependent upon the velocity of the overland flow, this is in turn dependent upon the roughness of the soil surface over which the water flows, which is affected by the splash detachment. The surface characteristics also influence the amount of flow detachment through influencing the resistance to the shear forces imparted on it by the overland flow. Feed backs also exist here due to changes in the surface properties caused by both splash and flow detachment.

It is worth noting that at present no process-based soil erosion model takes the effect of soil chemical properties into account when describing soil detachment.

Interaction between erosion processes and P transport

Current soil erosion models have concentrated on simulating, bulk soil losses. However, it is well known that amounts of phosphorus transported by surface runoff are often greater then the concentration of P in the bulk soil, because phosphorus is associated primarily with the finer fractions of the soil (Syers & Walker, 1969) and water erosion is a selective process. It is also generally accepted that the selectivity decreases as the magnitude of an erosion event increases (Massey and Jackson, 1952; Quinton and Catt, in prep). This is illustrated in figure 2. Which, using data from the Woburn Erosion Reference Experiment (Catt et al, 1994), shows P concentrations declining as soil loss increases. Interestingly the variability of P concentrations found in the sediment also decreases with increasing P loss. It is hypothesised that this is due to the variability in the intensity of the erosion events for smaller magnitude soil losses: an event may be short duration and intense, or long duration and of low intensity, and give the same soil loss. 

Due to their higher selectivity small erosion events contribute a disproportionate amount of P to the total P lost form an area. This is illustrated in figure 3, which shows that, when ranked in order of magnitude,  events contributing 50% of the soil loss through relatively small amounts of sediment contribute over 75% of the total P loss.
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Figure 2, Effect of event magnitude on P concentration.
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Figure 3, Relationship between ranked soil loss and the percent of total P lost from plot 7 of the Woburn Erosion Reference Experiment. 

Prospects for modelling

Theoretically, selectivity will operate in two components: detachment and transport. There is little doubt that the finer fractions of the soil, once in suspension, will travel the greatest distances. The clay-sized fractions remain in suspension even in standing water due to their colloidal nature. This leads to the enrichment of finer materials as the flow's distance of travel increases. However, whilst in theory selective detachment also seems likely, there has been little experimental work done on the selectivity erosion of different size classes from soils. Work has instead tended to concentrate on the selective detachment and transport of sediments from non-cohesive sources with a narrow particle size range, for example Poesen and Savat’s (1980) study of particle size separation by splash and runoff, Govers’ (1990) work on shallow flow transport capacities and Poesen’ (1985) study of splash detachment. There are some exceptions, notably the work of Torri and Sfalanga (1986) who considered the selective detachment of material from clay aggregates and found enrichment in the 0.063 to 0.5mm size range. 

Present models which simulate P loss by erosion fall into two categories: those which use and empirical equation to calculate a P enrichment ratio or those which attempt to model the selectivity process explicitly. 

The empirical approach utilises equations based on the early work of Massey and Jackson (1952). In their equation P enrichment ratio is  related to soil loss:

ln(ER) =  a + b ln(sed)







(3)

in which ER is the sediment discharge (kg ha-1) and a and b are constants which depend upon soil type and cropping practices. Equation 3 is easy to apply, but given the data presented in figure 2, there will be obvious problems for lower magnitude events.

The process-based approach, which is based on theory proposed by Foster et al (1980) has relied on modelling deposition. It is based on three simple rules: 

1. If the energy of the flow is greater than that require to transport all the entrained material  then all size classes are transported;

2. If the energy of the flow is lower than that required to transport the smallest material, then all size classes are deposited;

3. If the energy is enough to transport some size classes, but not others then is distributed amongst the particle size classes. 

This approach, although operational in CREAMS (Knisel et al 1980)  and Opus (Smith 1990) is based on limited experimental data, and virtually no validation work has been attempted. 

Conclusion

This paper has briefly reviewed the relationship between detachment and transport processes and the loss of P associated with sediment in overland flow. However, at present we are still learning how to model these processes. If we are to better describe the processes of selectivity then experimental and field studies will be required to test existing theory and develop new ones. 
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