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Large-scale controls of SOC persistence

Contact: sfromm@bgc-jena.mpg.de

Soil organic carbon dynamics

Climate & mineralogy

C age: Good proxy for C persistence

Local vs. continental studies
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Soil 14C studies globally

Data from ISRaD (v1.14.15.2021-09-12 ; 14C + Alox)

Systematic continental-scale approach to study SOC persistence 
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Sampling locations:

nSamples = 510

nSites = 30

Measurements:
Radiocarbon (Δ14C)
Soil organic carbon
Type of clay minerals
… 

Mean SOC age by depth:

Topsoil (  0–20 cm): 182 ± 62 years

Subsoil (20–50 cm): 563 ± 227 years

Sampling locations and measurements
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Mean SOC ages in sub-Saharan Africa

Climate zones:

Arid

Temperate (seasonal)

Tropical (seasonal)

Temperate (humid)

Tropical (humid)

Climate zones:
Dim 1: R² = 0.51, p-value < 0.001
Dim 2: R² = 0.37, p-value < 0.001

SOC age

2:1 clays

Quartz GPP
1:1 clays

SOC content

Clay content

Poorly-crystalline
minerals (Mox) Humid climates: Highly weathered, 

younger SOC ages

Arid and seasonal climate: Less 
weathered, older SOC ages
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Dimension 1 (52.7%): Control on SOC content
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Younger C

MAP, GPP, SOC

Summary – key findings

Older C

Older C

Younger C ages (most samples)
• Humid climates: High C inputs, low mineral 

stabilization (1:1 clay minerals)

Older C ages
• Dry climates: Low C inputs, low mineral 

stabilization (quartz)

• Humid climates: High C inputs, high mineral 
stabilization (2:1 clay minerals, Mox: Oxalate-
extractable metals)

Anthropogenic factors (erosion, cultivation) do 
not show a consistent pattern at this large scale
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Outlook – future pathways of mineral C stabilization

Predicted changes in climate zones

Data from Beck et al. 2018 (RCP8.5 Scenario)

Predicted changes to
Arid
Tropical (seasonal)
Tropical (humid)
Other

Current situation
Highest potential for 
mineral C stabilization

Predicted changes are highest for temperate and tropical 
(seasonal) climate zones

• Currently highest potential for mineral C stabilization

• Store highest amount of C across sub-Saharan Africa

Regions with highest potential for mineral C stabilization

Short term: C input ↓
Long term: Mineral C stabilization ↔

Short term: C input ↑
Long term: Mineral C stabilization ?

Short term: C input ↑
Long term: Mineral C stabilization ↓


