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Soil carbon cycle
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(https://www.hungryfortruthsd.com/blog/how-the-carbon-cycle-affects-agriculture)

Atmospheric carbon pool

                     3.3 times                    
 
Soil carbon pool 

(Lal et al., 2004 – Science)



Why soil carbon is important?
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Soil carbon 5.5 GtCO2eq yr−1

Total 23.8 GtCO2eq yr−1

Soil could provide up to 25% of the mitigation potential attributed to natural climate solutions
(Bossio et al., 2020 – Nature Sustainability)

(Griscom et al., 2017 – PNAS)



Soil carbon accumulation
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• Species
• Biomass & density
• Litter quality & quantity 

• Parent materials
• Soil texture

• Climate
• Landscape
• Bedrock

Geographic
Geologic
 factors

Inherent soil 
properties

Soil carbon 
accumulationVegetation

What controls soil carbon accumulation

Where and how 
carbon processing 
+ accumulation occurs

Major soil carbon
Input source



Soil carbon accumulation
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• Species
• Biomass & density
• Litter quality & quantity 

• Parent materials
• Soil texture

• Climate
• Landscape
• Bedrock
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Inherent soil 
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accumulationVegetation

What controls soil carbon accumulation

(Lavallee et al., 2022 – Advances in 
Agronomy)

Particulate OM Mineral-associated OM
�Identify the factors influencing carbon accumulation in forest soils.

�Provide empirical evidences for sustainable forest management.

Goals

(Jilling et al., 2025 – 
Communications earth & environment)



Massachusetts forests – 34 sampling sites
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Land cover
Sentinel-2 land cover explorer - Esri

Trees
Water
Built area
Crops

Bare ground
Flooded vegetation
Rangeland



Geologic/geomorphic factors
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Landscape (slope)
LiDAR terrain data (elevation)

1065 m-75 m

Depth to Bedrock
Massachusetts Geological Survey

531 m0 m

Parent materials
Massachusetts Geological Survey

Thin till (48%)
Coarse glacial stratified deposits (29%)
Thick till (6%)

Flood-pain alluvium (3%)
…

Swamp deposit (5%)

Glacial Landscape



Parent materials – Till and coarse deposit formation
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(Images and video generated by Gemini)



Vegetational factors
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Site level:
• Forest type
• Tree density (number of trees / 0.2 acre)
• Coarse wood debris (CWD) stock
• etc.

Volume
      ← length & diameter of individual CWD (0.2 acre)

Decaying level classes (Sound; Partial; Decayed) 
→ Multiplying different wood densities by classes

Sound
0.40

Partial
0.29

Decayed
0.17

(Harmon et al. 2008)

CWD stock (Mg ha-1) = Σ (Volume × Density)
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Field data collection & POM/MAOM fractionation
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0-10 
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10-20 
cm

20-30
cm

 Duff 
layer

Conceptual representation of major soil organic matter 
components. (Lavallee et al., 2019 – Global Change 

Biology)

53 µm



Potential factors in this study
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SOC & POC/MAOC stocks by soil depth
13

33 : 67 23 : 77 22 : 78



Numeric factors affecting SOC stocks
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Geo factors
GIS-based

Veg. factors
Data inventory

Soil factors
Field & lab measured

Montane 
Forest?

↓
Same 

underlying 
landscape

More C input 
sources

Staying up in 
the surface?

More surface 
area



Numeric factors affecting POC/MAOC stocks
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Surface soil
MAOC saturated

Dissolved C
from decaying wood

Subsurface soil
accumulation

Surface soil
(already C-rich)



Non-numeric factors affecting POC/MAOC stocks
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*

*

Parent 
materials

Forest 
types

Silt+Clay
(more surface area)

Till
˅

Coarse deposit

Coniferous
recalcitrant litter 

↓
Decomposed slowly

+
POC accumulated 
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• Geographical + Geological, vegetation, soil property factors 
→ SOC accumulation & MAOC stocks

Main messages

SOC MAOC
Soil depth 0-10 20-30 0-10 20-30  

Elevation
Slope angle
Depth to bedrock
Parent material Deposit Till Deposit
Tree density
Tree type Conifer
Decaying woods
Duff depth
Duff density
Silt+Clay

Keep moving forward
✔ Wetland C project 

→ Expand coverage 

✔ 13C & 15N → Soil erosion

✔ Causal relationship via path analysis
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