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Statement of 

Research Interests 

 
My research interest emphasizes the study of the soil aggregate 

size and geometry, the arrangement of the aggregates in the soil matrix 
and how the chemical and microbiological activities affect the water 
retention and hydraulic properties.  Below is an outline of my research 
activities in the recent past as well as the direction proposed for the 
future. 

Traditional methods to quantify aggregates size and aggregate 
stability in soils require the dislodging of the aggregates from the soil 
matrix. The tests, generally performed in dilute systems, have been 
questioned lately.  Dilute systems may not properly represent the soil 
conditions in the field, as geometrical confinement has a dramatic effect 
in the pair wise double-layer interaction between two clay particles. As 
an alternative to the traditional methods to measure aggregate stability, I 
developed a new method based on the quantification of the aggregates 
using scanning electron microscopy (SEM), which together with image 
analysis provides the tools required to measure pore and aggregate size 
and shape. 

Soil pore space and its intrinsic characteristics such as surface 
area, roughness, tortuosity, and connectivity are probably the most 
important factors controlling water retention, water movement and 
microbial activity in soils. The relevance of the micro scale is that many 
of the important hydrological processes occur at this scale in earth 
materials. The dynamics of soil fabric is often controlled by the shrinking 
and swelling of clays, the majority of chemical reactions occur on the 
surfaces of small pores which is fundamental in both contaminant and 
nutrient transport.  

Electrical methods of determining water content have proved 
highly successful for a range of scales. The reason for this success is 
because of the strong underlying relationship between the effective 
permittivity of a mixture of solid, water and air (eg soil) and its water 
content. Techniques ranging from active microwave remote sensing, to 
ground penetrating radar and time domain reflectometry all exploit this. 
However, after more than twenty years of research the relative 
contributions of soil structure and rotationally hindered water to the over 
all effective permittivity is still unresolved. Lower effective permittivity in 
aggregated clay soils is caused by both geometrical isolation of the 
aggregates and by dielectric saturation of water. The dielectric saturation 
is caused by water adsorbed onto surfaces (water of condensation) and 
by water bound to cations in their hydration sheath. My research interest 
for the near future is to identify the contribution of the geometrical 
arrangement of particles and aggregates to the effective permittivity, 
including particle shape and aggregate structure.  

 
 


