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Plant breeding can manipulate root structure, root hair length and exudation properties to physically 
engineer rhizosphere soil. Little quantitative understanding of the underlying processes exists, so 
this project will use advanced approaches from engineering science to disentangle the biophysical 
mechanisms that drive rhizosphere formation. The availability of near isogenic barley and maize 
lines with differences in root hair length and exudation provides a novel biological resource for this 
research. Our team is uniquely placed internationally to conduct this research. We were the first to 
image root hairs in intact soil, allowing modelling of their role in P acquisition. Others in our team 
found that root hairs aggregate soil at the interface of roots, and the impact increases in less dense 
soils with lower P. This could help release P and have positive impacts on rhizopshere structure that 
affects carbon sequestration by roots, but neither study examined the mechanisms in the soil or 
impacts on water dynamics. In this project we will isolate and characterise the compounds produced 
by plant roots that affect surface tension and viscosity at the soil-root interface. The compounds will 
then be added to soil at a range of concentrations so that the impact on mechanical and hydrological 
properties can be measured. Using the novel maize and barley lines, we will vary root hair density, 
length and exudation to examine how these properties influence soil physical properties in 
rhizosphere samples. In addition, we will measure how the rhizosphere soil physical properties 
change with age and under different nutrient and physical stresses in glasshouse and field 
experiments. Non-invasive imaging methods will be used to validate the models and demonstrate 
how plants progressively change the structure of soil around their roots. The modelling and data 
generated on rhizosphere formation will identify root trait ideotypes for resource capture and soil 
sustainability. 

 


