
Root ideotype for a low phosphorus environment

Problem
Phosphorus (P) is a key nutritional element for crop 
productivity, critical for plant root formation, ener-
gy transfer and DNA synthesis. However, P is an im-
mobile nutrient and binds to soil particles, making it 
less available to plant roots. P is also a finite resource 
which needs to be used more efficiently within ag-
ricultural systems.

Solution
Root traits with evidence for improving P capture 
and uptake were developed into a single root ideo-
type (a model of an ideal root system), with priority 
root traits indicated where more evidence was avail-
able. Ideotypes have been developed for cereal, faba 
bean and potato crop species.

Benefits
Through breeding and managing these crop species 
to exhibit these ideal root traits, crop P capture will 
be improved, enhancing crop yield in low to medi-
um P available soils and increasing the crop use ef-
ficiency of P nutrient inputs.

Applicability box

Theme: Root traits to improve crop phospho-
rus capture

Keywords: Ideotype, phosphorus, P, root 
length density, root hairs, phosphate solubilis-
ing bacteria

Context: Low phosphorus soils and improving 
P uptake in cropping systems

Period of impact: Medium to long term, de-
pendent on finding genetic markers for identi-
fied traits that can be transferred into modern 
varieties

Best in: Plant breeding; all soils where there is 
a crop P requirement, more impactful in low to 
medium P level soils.

Practice Abstract

Practical recommendations
The two key elements to improve crop P capture are to:

	• increase root surface area and

	• increase the amount of P in plant available form.

High priority root traits identified in all crop species that have supportive evidence to improve and enhance 
crop P capture include:

	• increased root length density and surface area in the topsoil where P is more abundant,

	• greater root hair density and longer root hairs to increase root scavenging ability,

	• greater abundance and association with phosphate solubilising bacteria, and

	• more mycorrhizal associations to increase the soil surface area crops can access.

Other lower priority and related traits include early root vigour, greater adventitious root porosity to aid 
greater root densities and root exudates including organic acids to solubilize soil P.
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Figure 1: Example of a cereal root ideotype for a low phosphorus environment. The highlighted root traits are consistent for faba beans and potatoes. The full 

set of example ideotypes can be found in deliverable 1.2.
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