What determines SOC content
Soil type

inputs minus losses

• Naturally occurring clay in soil binds to organic matter, which helps to protect it from being broken down or limits access to it by microbes and other
organisms.
• Organic matter in coarse-textured sandy soils is not protected from microbial attack and is rapidly decomposed.
• Bulk density
• Mineralogy
• Depth

Climate
• In comparable farming systems with similar soil type and management, soil organic matter increases with rainfall. This is because increasing rainfall
supports greater plant growth, which results in more organic matter accumulating in the soil.
• Organic matter decomposes more slowly as temperatures decrease. In Western Australia under moist conditions, each 10°C increase in temperature
doubles the rate of organic matter decomposition (Hoyle et al. 2006). This means moist, warm conditions will often result in the most rapid
decomposition of organic inputs.

Land and soil management
• Maximising crop and pasture biomass via better water-use efficiency and agronomic management will increase organic matter inputs.
• As a large proportion of organic matter is present in the top 0–10cm of soils, protecting the soil surface from erosion is essential for retaining soil
organic matter.
• Tillage of structured soils decreases soil organic matter stocks by exposing previously protected organic matter to microbial decomposition.
• Adding off-farm organic residues, such as manures, straw and char, can increase soil organic matter. The agronomic benefits should be measured to
establish economic viability.
• Landscape can influence biomass production (inputs) associated with water availability.
• Transfer of soil and organic matter down slope via erosion can increase soil organic matter stocks in lower parts of the landscape.
• Soil constraints decrease plant growth and decomposition rates. This could slow the amount and transformation rate of organic matter moving into
more stable fractions.
• Microorganisms and particularly bacteria, grow poorly in strongly acidic or alkaline soils and consequently organic matter breaks down slowly in these
soils.
Adapted from: https://www.agric.wa.gov.au/measuring-and-assessing-soils/what-soil-organic-carbon

Three broad reasons we focus on SOC

Productivity
with the fascinating double
effect:
A. Higher SOC delivers
higher productivity
B. Higher plant growth
and productivity
delivers higher SOC

Source: Lal. R., Enhancing Eco-efficiency in Agro-ecosystems through Soil Carbon Sequestration. Crop Sci., 50, March 2010, 120-131

Three broad reasons we focus on SOC
Soil Health
•
•
•
•
•
•
•

Increased water holding capacity
Greater infiltration of rainfall
Drought resilience
Less runoff and erosion
Less nutrient loss (in waterways, erosion)
Can reduce farm chemicals and mineral
fertilisers ($1-200bn/y for fertiliser alone)
Increased animal health and well being

Source: https://soilcarboncoalition.org/learning/Soil_Health_and_Watershed_Function.pdf

Three broad reasons we focus on SOC
Benefits to the
atmosphere
• SOC is the third
biggest pool of
carbon

https://www.researchgate.net/figure/The-five-principal-carbon-pools-and-fluxes-between-them-SOC-soil-organic-carbon-SIC_fig12_271525927

What does SOC do in the soil?
•
•
•
•
•
•

Improves the physical structure (e.g. aggregation)
Improves water holding capacity
Slow release of plant nutrient elements, especially N
Aids trace element nutrient nutrition through chelation process
Aids in solubilisation of plant nutrients from insoluble minerals
Has high adsorptive or CEC for nutrient cations\certain components may
exert growth promoting effects
• Supports a greater and more varied soil biological population which favours
biological control of pathogens and pests
• Reduces toxicity of both natural and anthropogenic toxic substances

Soil Health – Questions?
• National objective for soil health

• A long and proud history of understanding our soils

• Where we are now
• What is the national opportunity in improving soil health?
o In regenerative agriculture?
o In negative emissions?
o Getting paid to increase soil organic carbon
o What to do?

In the past ~million years, 2.3T tCO2 has come out of
the earth and gone into our air and our water systems

Source: 1. https://scripps.ucsd.edu/programs/keelingcurve/ ;

2. http://www.jswconline.org/content/73/6/145A.full.pdf ;
4. Residual calculated based on changes from other C stocks;
5. Eric Toensmei Solution

Australian SOC - schematic

https://www.dpi.nsw.gov.au/agriculture/soils/soil-carbon/increasing-soil-organic-carbon-of-agricultural-land

All soils are not the same

Kandasol - low fertility and
generally poor agricultural
soils
Vertosol – high fertility and
commonly good agricultural
soils, cracking clay soils

Globally in the last 200-250 years, SOC has gone from 4-5% in cropping and pasture land to 1-2% AND IS STILL FALLING.
This is not sustainable.
Source: https://www.researchgate.net/publication/283266194_Soil_Carbon_Sequestration_Potential_A_review_for_Australian_agriculture
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Anderson W.K., Stephens D., Siddique K.H.M. (2016) Dryland Agriculture in Australia: Experiences and Innovations. In: Farooq M., Siddique K. (eds) Innovations in Dryland Agriculture. Springer, Cham
Agriculture. Springer, Cham
CSIRO-Australia wide Graincast™ wheat yield forecast, 1 December 2019. https://research.csiro.au/graincast/wheat-yield-forecasts/
The Conversation: Changing climate has stalled Australian wheat yields: study. https://theconversation.com/changing-climate-has-stalled-australian-wheat-yields-study-71411

Fertiliser usage

Source: https://www.fertilizer.org.au/Fertilizer-Industry/Use-Trends

Soil Health – Questions?
• National objective for soil health

• A long and proud history of understanding our soils
• Where are we now?

• What is the national opportunity in improving
soil health?
o In regenerative agriculture?
o In negative emissions?
o Getting paid to increase soil organic carbon
o What to do?

Conventional, Sustainable and Regenerative Agriculture
• Conventional farming, also known as industrial agriculture, refers to farming
systems which include the use of synthetic chemical fertilizers, pesticides,
herbicides and other continual inputs, genetically modified organisms,
Concentrated Animal Feeding Operations, heavy irrigation, intensive tillage, or
concentrated monoculture production.

• Sustainable agriculture focuses on producing long-term crops and livestock
while having minimal effects on the environment. The goal of sustainable
agriculture is to meet society’s food and textile needs in the present without
compromising the ability of future generations to meet their own needs.
• Regenerative agriculture is a conservation and rehabilitation approach to food
and farming systems. It focuses on topsoil regeneration, increasing biodiversity,
improving the water cycle, enhancing ecosystem services, supporting biosequestration, increasing resilience to climate change, and strengthening the
health and vitality of farm soil.

Regenerative principles
• Keep the soil covered (plant cover crops, retain stubble)
• Maintain living roots all year round
• Use no till farming
• Rotate crops
• Maximise plant diversity
• Integrate livestock
• Incorporate compost
• Reduce inputs (mineral fertiliser, herbicides, fungicides, insecticides)

Microbial footprint as a driver
of carbon stabilization
• Well-recognized approaches for increasing SOC include reducing
soil disturbance, increasing plant biomass inputs, and
enhancing plant diversity.
• We use new techniques to demonstrate for the first time that
plant-stimulated soil pore formation appears to be a major,
hitherto unrecognized, determinant of whether new carbon
inputs are stored or lost to the atmosphere.
• Unlike monocultures, diverse plant communities favour the
development of 30–150 μm pores. Such pores are the microenvironments associated with higher enzyme activities, and
greater abundance of such pores translates into a greater spatial
footprint that microorganisms make on the soil and
consequently soil C storage capacity.

