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Introduction 

Assessing soil condition, and understanding how human activities alter it, is essential for informed 

land management and long-term environmental stewardship. Conventional monitoring approaches 

assess soil against generic national thresholds that do not account for natural soil diversity, 

systematically misclassifying soils that differ from an external benchmark, not because they are 

degrading but because they formed under different conditions.  

This project developed and tested a pedogenon framework as a new way to assess soil condition by 

comparing each soil with its own natural potential. Pedogenons are geographical units defined by similar 

soil-forming conditions (climate, organisms, relief, parent material, and time) that remain stable over 

long periods. Because soils forming under similar conditions share broadly comparable characteristics, 

each pedogenon provides a scientifically grounded baseline against which to measure change. Each 

pedogenon is divided into the genosoil and the phenosoil. The genosoil is the portion occurring under 

conditions of minimal human disturbance and serves as the reference against which change is measured. 

The phenosoil is the portion of the same pedogenon that has been subject to human pressure, through 

tillage, grazing, drainage, vegetation clearing, or other land use practices. 

Findings 

A continental pedogenon map was produced through a two-step procedure designed to handle the 

computational demands of mapping at continental scale. The first step involved compiling a set of 

27 environmental variables representing the main soil-forming factors. The second step produced the 

pedogenon map at 90 m spatial resolution using the Google Earth Engine platform. The project grouped 

Australia into 1,370 pedogenons. The pedogenons were validated using over 41,000 pH and 

15,000 soil organic carbon (SOC) observations, as these soil properties are strongly influenced by soil-

forming factors and are expected to vary systematically between pedogenons. The next step was to 

partition each pedogenon into its genosoil and phenosoil components. This was achieved by applying the 

Global Human Modification Index and the Habitat Condition Assessment System as proxies for 

human disturbance. To enable the translation of scientific information into practical land management 

and policy decisions, the project grouped the pedogenons into 236 larger soil districts with a median size 

of 22,000 km².  

Following its development, the framework was used to develop a continental SOC capacity map that 

provides a national pre-disturbance SOC baseline. Comparisons of SOC changes were then made over an 

area representing 27% of the continent and incorporating 351 pedogenons. Data used to make 
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comparisons against the baseline were drawn from almost 15,000 existing soil profiles from the 

Australian Soil Data Federator. The analysis showed that soils with naturally high carbon levels were 

more likely to have lost carbon under human influence, while soils with lower natural carbon levels 

showed smaller or more mixed changes. 

Additional research from 40 pedogenon classes across New South Wales, Queensland and Victoria 

indicate the framework can detect gradual changes in soil condition as human pressure increases. 

Analysis relative to a pH optimum of 6.5 shows that many soils have been improved by 

corrective management, while a significant proportion have declined due to acidification or 

alkalinisation. Total organic carbon shows a predominantly decreasing trend. 

Continental-wide soil surface conditions from paired samples further show that cropping soils generally 

decrease soil organic carbon but increase total nitrogen, phosphorus, potassium, and calcium relative to 

soils under pasture and native vegetation. 
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More information 

Learn more about the Soil Science Challenge Grants Program. 

Contact the project lead, Professor Budiman Minasny. 
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