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Introduction
Solute diffusion flux in soil is described by Fick’s law along with a tortuosity factor to account for the 
tortuous and reduced diffusive pathway blocked by soil particles:

Predictive models based on empirical or conceptual relationships with other more commonly 
measured soil attributes have been proposed to replace the time-consuming and multifarious 
laboratory measurements. However, these models have not been systematically tested and evaluated 
with soils of different textures under comparable conditions.
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Objectives
• Evaluate the solute diffusion tortuosity factor models with soils of different textures under 

unsaturated conditions. 
• Assess the effect of water retention hysteresis effect on solute diffusivity.

Summary
 There is not a particular model that can fit the solute diffusion data for all the three test soils with 

different textures.
 The solute diffusion tortuosity factors of  the sand and sandy clay loam soils are best described by a 

quadratic function, i.e., the Mullins and Sommer [1986] model.  For the clay soil, the combined 
parallel-series conceptual model provides the best description for the change of tortuosity factor with 
soil water content.

 Currently, most simulation models use the Millington and Quirk [1961] tortuosity factor model. Our 
evaluation shows that this model overestimates the experimental data for all three test soils when 
their suggested model parameters are used.

Texture 

Particle size distribution (%) Bulk 

density 

(g cm-3) 

Porosity 

(cm3 cm-3) 

Specific 

area 

(m2 g-1) 

Coarse 

 sand 

Fine 

sand  
Silt Clay  

Sand 16.1 71.2 10.6 2.1 1.60 0.40 0.61 

SC loam 0.6 65.3 12.6 21.5 1.45 0.45 19.73 

Clay 0.2 5.5 36.4 57.9 1.60 0.40 37.19 
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Materials

* The model with the lowest AICc, but highest AIC weight value is the best.

Results
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