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Introduction 
The soil water retention curve reflects the pore size distribution and is a basic characteristic 
affecting soil functions. This is especially the case in the range 10-15000 hPa matric potential 
where processes such as air exchange and water uptake by plants take place. Further, soil 
water retention is a primary hydraulic property used as an input for modelling water flow in 
unsaturated soil. van Genuchten (1980) suggested a widely used model for describing soil 
water retention (>10000 citations; Web of Science, February 2018). However, the van 
Genuchten equation (vG) only fits to an S-shape curve, meaning that it only describes soils 
with a uni-modal pore size distribution. Dexter et al. (2008) proposed a double exponential 
equation (DE), which describes bi-modal pore size distributions, and has the additional 
advantage in providing parameters with physical meaning. The objective of this study was to 
evaluate how the vG and DE equations fit to water retention data for soils with contrasting 
long-term management. We excluded confounding effects of soil type and climate. 

Materials and methods 
Soil samples from the Highfield long-term ley-arable experiment at Rothamsted Research 
(UK) were retrieved in spring 2015 from treatments established in the 1940s and 50s. The soil 
type was silt loam with a similar texture for all treatments. Four treatments with four field 
replicates were studied: Bare fallow maintained free of plants by regular tillage, Continuous 
arable rotation (winter cereals), Ley-arable rotation; a three-year grass/clover ley followed by 
three years arable, and Grass. We measured water content from 24 replicate undisturbed soil 
cores from each treatment at -10, -30, -100, -300 and -1000 hPa matric potential using tension 
tables and pressure plates. Water retention at -1.5 MPa was measured on <2-mm soil using 
the dewpoint method. Data was fitted to the vG equation with the widely used Mualem 
restriction (m=1-1/n), which prevents over-parameterization and leads to more stable results. 
The A2 parameter in the DE model is interpreted as structural pore space. We related the 
structural pore space to soil organic carbon (SOC) content through the structural void ratio 
(V2): V2 = A2 / (1-P), where P is porosity.  

Results and discussion 
Mean Akaike Information Criterion (AIC) values, when using the DE and the vG equations 
were -69.1 and -43.8, respectively. Similarly, mean root mean squared error (RMSE) values 
were lower when using the DE compared to the vG equation with values of 0.0019 and 
0.0164 m3 m-3, respectively. Both indicate that the pore size distribution for this silt loam is 
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better described with a bi- than a uni-modal model. The RMSE value increased significantly 
with an increase in SOC when using the vG equation (R2=0.72, P<0.001), whereas no 
systematic error was observed when using the DE equation. The increase in RMSE with 
increasing SOC content could be ascribed to a more distinct bi-modal pore size distribution 
for soils with higher SOC content and less tillage. This was supported by the increase in 
structural void ratio (V2) with increasing SOC content and decreasing tillage intensity 
(R2=0.74, P<0.001). The vG equation assumes that the pore size distribution is uni-modal and 
hence fails to describe the more pronounced bi-modality of soil from the grass treatment 
(Figure 1).  

 
Figure 1: Pore size distribution (dϴ/d(pF)) as a function of matric potential for the bare 
fallow (left) and grass treatment (right) either obtained by differentiating the double 
exponential (solid line) or the van Genuchten equation (dashed line).  

Further, the dominating pore size of the structural peak was estimated to 89 µm for the bare 
fallow treatment, while it was in the range 30-50 µm for the arable, ley-arable and grass 
treatments. This may relate to the high tillage intensity in the bare fallow soil. The vG 
equation overestimated the pore volume in the size range 10-30 µm (pF 2.5-2) and 
underestimated the pore volume at pF 3 and 1 - again the error was more pronounced for the 
more structured soils. Introducing a systematic error may have severe impacts in modelling 
key soil processes and illustrates the importance of selecting the appropriate model for 
describing water retention data.  

Conclusions 
This study showed that the DE equation provided a better fit to soil water retention data for a 
silt loam soil than the vG equation. The RMSE of the vG fit increased with an increase in 
SOC / decrease in tillage intensity. This was reflected in a more distinct bi-modal pore size 
distribution for less disturbed and better structured soils.  
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