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• Soils hold 3x more C than the atmosphere

• Terrestrial ecosystem C is ~ 3170 Pg
• 80% (2500 Pg) is in soil

• Agricultural land use is estimated to have resulted in loss of 133 Pg C

Sanderman et al. 2017 PNAS 

“Soil carbon debt of 12,000 years of human land use”



1. Soil carbon saturation 

Skepticism

3. Misguided focus2. Not enough nitrogen



The Wild West of carbon markets 



Premise of C credits: certain agricultural practices can lead 

to net decreases in atmospheric CO2



C credits as averted CO2-C emissions:

The counterfactual challenge 

Business as usual is the 

counterfactual; usually 

missed in most C credit 

programs
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Introduction - Nature-based solutions

Bossio et al. 2020 Nature Sustainability

Proposed methods to decrease SOC 
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Guenet et al. 2020 GCB

Introduction - Nature-based solutions
What (meta)data suggests might work



Two components to a C credit:

1. Soil (organic) C stocks 

2. Greenhouse gases (GHGs)

Carbon dioxide / CO2

Methane / CH4 (84x CO2) 

Nitrous oxide / N2O (298x CO2) 

Measurement
• SOC stocks: multiyear scale 

• GHG: weekly scale 

How are “C credits” measured in-field? 

Hydraulic probing in fall 2022 

for 30-36” carbon stocks

GHG measurement 

weekly….rain, shine or snow



How to increase precision of field-scale SOC stocks?

Not in the lab Example of sign-up for C credits

Note emphasis on field-scale
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Carbon (and N balance) and linkages with greenhouse gas (GHG) 

emissions: direct quantification vs mass balance



Example of C fluxes used in 

balance approach
 (Guan et al. 2024)
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Carbon (and N balance) and linkages with greenhouse gas (GHG) 

emissions: direct quantification vs mass balance



Upscaling will need to be done with models
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Challenge: variability! 



Interfield and intrafield variation
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Remote sensingProximal sensing   +

Scale-up option #1: combine empirical measurements and 

remote (or proximal) sensing with modeling



Scale-up option #2: reduce sampling density



Field-based estimates are averages of different points  
≈ 0.00000075 acre (1.5” diameter hydraulic probe)

• 84 acre

• 0.5 acre 

sampling grid

Potash et al 2022 Geoderma 411:115693



• Estimating SOC stocks at the field scale by measurements requires 

entails two (statistical) steps: 
1. A sampling design selects locations at which to take measurements

2. An estimator combines those sample measurements to estimate mean SOC 

stock across the field

• Typical: simple random sampling

• Alternative ways:
1. Stratified sampling that incorporates auxiliary information (covariates) in the 

selection of sample locations

2. Balanced sampling selects samples that are spatially representative (‘grid’ in a 

square-sized field)

Several choices must be made to design a stratification

How to design sampling strategies for SOC stock?



What are ways to design stratified sampling for 

SOC stock determination?

Potash et al 2022 Geoderma 411:115693



Auxiliary variables: accessible and related. 

topographic wetness index

Can we use them to design sampling strategies?



Auxiliary variables: accessible, and 

sometimes causally related to SOC stock

topographic wetness index



Across sampling 

densities, stratified 

and balanced 

maintain advantage 

(+15% precision) over 

random sampling

0.36 0.55 0.73
(samples/ac)

Lower sampling density 

needed to achieve 

same accuracy 

stratified or balanced, 

compared to simple 

+45% sampling 

density to achieve 

same precision



Eight field sites across the 

North Central region

Potash et al. Geoderma. In revision.

That was just one field 

Does it scale?



SOC stocks (0-30” depth) varied within and among fields

55 

acres



Which (easily accessible) covariates relate to SOC stock?

• Landsat SOCI, 

SSURGO SOC stock, 

and TWI covariates had 

the strongest and 

positive correlations 

with SOC stocks

• No single covariate was 

consistently predictive 

across all sites



Overall: balanced design appears best

-29%

-18%

-7%

Because precision error goes down, 

sample size goes down (for a given precision target)



• C credits involve measure of change in SOC stocks and in GHG 

emissions

• Sampling strategies to determine SOC stock at the field-scale can be 
1. simple random

2. stratified by co-variates

3. balanced (‘evenness’ of coverage) 

• SOC stock variability can be explained by co-variates already in 

existence 
• Which one(s) best associated with SOC often depends on the site

• Simple random sampling is the least effective 

• On average, balanced sampling significantly outperformed other 

sampling strategies 

Summary



Questions?

margenot@illinois.edu 

mailto:margenot@illinois.edu


What: Enrolling fields for 

2025 on-farm P and K trials 

Goal: update the Illinois 

Agronomy Handbook critical 

soil test value (CSTV) 

margenot@illinois.edu 

mailto:margenot@illinois.edu


Soil archive resampling: How have soils in Illinois changed?

Sampled 

1861 Sept 4, 1901



Status
• 453 locations total 

• 80 of 453 (18%) identified for landowner

• 34 of 453 (7.5%) sampled as of Dec 2023

Need your help identifying owner contacts!

Pedon re-sampling effort
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