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Pedostructure and Pedoclimate: New Concepts in Soil Water 
Physics Leading Hydrostructural Pedology at the Heart of 
Agri-Environmental Disciplines      
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Figure 1: shows X-ray diffraction patterns, HRTEM of AuCu alloy, and catalytic activi-
ties of single metals        and their alloys as prepared and after heat treatment. 
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Nanotechnology is regarded as the next great scientific/industrial revolution due to 
the possibility of designing nanostructured materials that possess novel electronic, 
optical, magnetic, and catalytic properties. Nanomaterials could potentially be 
applied in pollution control, catalysis, water remediation, clean energy. 

Nanocatalysis is a phenomenon of significant research and important practical 
applications in a variety of fields such as materials, environmental and 
atmospheric sciences. Low-temperature catalytic oxidation of carbon monoxide 
(CO) is one of the most important problems in pollution since even small 
exposures to CO (ppm) can be lethal. Nanophase metal and metal oxide catalysts, 
with controlled particle size, high surface area, and more densely populated 
unsaturated surface coordination sites, could potentially provide significantly 
improved catalytic performance over conventional catalysts. It is therefore, 
expected that nanoparticle catalysts would show high catalytic activity for the 
low temperature oxidation of CO than bulk materials. 

Noble metals are well known oxidation catalysts with high activity and stability, 
even in the presence of moisture and sulfur compounds, and they are usually 
used in gas exhaust emissions control. The high cost of precious metals and 
their sensitivity to sulfur poisoning motivated re-searchers to search for 
new catalysts. Alloying is a phenomenon that can either improve the catalytic 
properties of the original single-metal catalysts for CO oxidation. Recently, we 
reported the effect of support on the catatalytic activity of Au catalyst.

We have prepared metallic and bimetallic nanocatalysts on different supports 
using differ-ent synthesis methods. The catalytic 
activity of each catalyst was carried out by using a 
flow tube reactor coupled to an infrared detector. 
Our results indicate that unsupported AuCu alloy 
shows higher activity than Au or Cu alone. These 
results attributed to the formation of CuO within 
the bimetallic nanoparticles, which improves the 
catalytic activity of Au-Cu alloy nanoparticle. On 
the other hand, Au nanoparticles supported on 
CeO2 exhibit higher catalytic activity than Cu, CuO, 
and AuCu alloy supported on CeO2 . These results 
attributed to the strong interaction of Au with CeO2 
.

Bridging the gap between the local scale of processes in soils and the 
mesoscopic field, watershed or ecosystem levels of description, becomes 
a major challenge nowadays particularly in addressing the questions of 
transdisciplinarity, transfer of scales, local to global change assessment, and 
empirical against physically-based characterization. 

Hydrostructural Pedology recently proposed by Braudeau and Mohtar [2009], 
bridges the gap “between” Pedology and soil-water physics, combining the 
morphological and mineralogical description of soil organizations and their 
hydro-structural properties at different functional scale levels of the soil 
medium; distinctly different from hydropedology that deals with water at the 
soil surface and soil mapping. The new paradigm allows for a thermodynamic 
characterization of the structured soil medium with respect to soil water 
content, then for modeling the pedoclimate dynamic that is needed by all 
disciplinary models of the agro-environmental sciences today.

This approach has led to the development of a physically based computer model, 
Kamel® [2011], modeling and characterizing the pedon and its hydrostructural 
functioning at every scale of organization (primary peds, pedostructure, horizon, 
pedon, and primary soil map unit). This allows for i) a functional typology 
of pedostructures, then of soil mapping units that can be simulated in their 
hydrostructural dynamic according to the external climatic conditions ii) the 
dynamic and physical coupling of biological and geochemical soil processes with 
pedostructure and pedoclimate dynamics at depth in soil (related to external 
climate conditions), and iii) the physically-based transfer of information from 
the internal local scale of soil processes in soil to the external scale at soil 
surface. 

We present this new discipline, Hydrostructural Pedology, focusing on the 
systemic and thermodynamic approaches of soil organization which is at the 
basis of its irreplaceable role in the biophysical multi-scale modeling of farming, 
ecological or environmental systems. Therefore, we think that mandate and 
missions of QEERI would be fulfilled with the creation of a specific laboratory 
dedicated to soils according to this new paradigm, for that they can be 
characterized and modeled like physical and organized media for biological life, 
and thus, be non empirically coupled with models of other  
environmental disciplines.


