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An often-cited model of άƘǳƳƛŎ ŀŎƛŘέ 

 with carbohydrate, hexapeptide, and hydrating water molecules. 
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ecosystem property. Nature 478:49-56. 

But is soil humus really made of humic 
substances? 



New classification of SOM pools and fractions 
based on recent insights 

From: Weil and Brady.  2016. The Nature and Properties of Soils. 15th ed. Pearson 

*Protected on clay surfaces, in aggregates and in ultramicropores. 

* 



Hierarchical and 

biological nature of 

physical aggregates 

greatly influence the 

biology, physics and 

chemistry of the soil .  

Iron 
oxides 

From: Weil and Brady. 2016. 
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mineral surfaces 
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Protected by 

cold or wet 

environment 

Protected/stabilized organic 

matter (Humus) 

Enzymes 
New Concepts of Soil Organic Matter Formation & Stabilization 



Tiemann, L.K., A.S. Grandy, E.E. Atkinson, E. Marin-Spiotta, and M.D. McDaniel. 2015. Crop 

rotational diversity enhances belowground communities and functions in an 

agroecosystem. Ecology Letters 18:761-771. 

SOM under diverse 

rotation versus 

monoculture.  

(a) Greater quantity 

and quality of residues 

enhances microbial 

activity  

(b) mega-aggregate 

formation and 

stabilization.  

(c) enhanced microbial 

activity  

(d) increasing stocks 

of stable SOC and TN. 

Diverse Rotation Monoculture 

SOC & N 
SOC & N 



Passive C (protected,  

stabilized SOM) 

Soil organic matter in the upper 30 cm 

of a representative  never cultivated 

prairie soil 

From: Weil and Brady. 2017.The Nature and Properties of Soils. 15th edition. Pearson. 

Active C (unprotected,  

labile SOM) 

Total soil organic matter 

Plant litter/residues 

 

Cultivation ceases or 

improved agricultural 

practices are adopted 

Changes in soil organic 

matter fractions due to 

cultivation and soil 

management 
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Studies on SOM dynamics in Mollisols within the southeast of the Pampas region : In Argentina.  
Wingeyer, A., et al. (2015). "Soil Quality Impacts of Current South American Agricultural 
Practices." Sustainability 7(2): 2213-2242. 

> 1 Mg ha-1 y-1 

Conversion of cropland to pasture in temperate Argentina 





D'Amore , D. and E. Kane (2016). Climate Change and Forest Soil Carbon, U.S. Department of Agriculture, Forest Service.  

Below ground (soil) carbon stocks in US Forests 

~80-90 Mg C/ha 

ΓTotal amount of carbon stored in aboveground forest biomass (living and dead) 
varies far less across diverse forest types than does belowground C, with an 
average aboveground stock for US forests being 55 Mg C ha- 1; this is dwarfed in 
comparison by how much C is harbored in belowground pools.Δ 



Above and below ground 

carbon stored in ecosystems 
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Estimates of Organic C in Maryland Soils 

Land Use 
acres  x 
106 in Md 

ha x 106  
in Md 

SOC in 1 m 
(Mg/ha) 

SOC in Md 
to 1 m (Mg) 

SOC to 1 m 
in Md (Tg) 

MMtCO2e 
in Md 

forest 2.4 0.972 80 77760000 78 285 
crops 1.5 0.6075 50 30375000 30 111 
turfgrass 1.3 0.5265 80 42120000 42 154 
wetlands (non-tidal) 0.23 0.09315 200 18630000 19 68 
total vegetated 5.43 2.19915 168885000 169 619 

annual potential sequestration 0.3 - 1.0 0.66 - 2.2  2.4  -  8 

(sequestration would decline over 20-30 years) 

References for land areas: 
 Wetland: https://water.usgs.gov/nwsum/WSP2425/state_highlights_summary.html and 
http://planning.maryland.gov/PDF/OurWork/LandUse/County/Statewide.pdf 
Cropland:www.mdp.state.md.us/...Farmland/2012_Census_of_Agriculture_Farms_Farmlands.pdf 
Turfgrass:http://www.environmentmaryland.org/reports/mde/urban-fertilizers-chesapeake-bay 
Forest:http://planning.maryland.gov/PDF/OurWork/LandUse/MDP2010_LU_Summary.pdf 

References for C stocks: 
Wetland: Fenstermacher, D. E., et al. (2016). "Carbon in Natural, Cultivated, and Restored Depressional Wetlands in the Mid-Atlantic Coastal 
Plain." J of Envi Qual 45(2): 743-750. 
Cropland: Wang, F., et al. (2017). "Total and permanganate-oxidizable organic carbon in the corn rooting zone of US Coastal Plain soils as 
affected by forage radish cover crops and N fertilizer." Soil and Tillage Research 165: 247-257. 
Turfgrass: Selhorst, A. and R. Lal (2013). "Net Carbon Sequestration Potential and Emissions in Home Lawn Turfgrasses of the United States." 
Environmental Management 51(1): 198-208. 
Reference for potential sequestration rates: Lorenz, K. and R. Lal (2010). Carbon 
sequestration in forest ecosystems. New York, Springer. 
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