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Understanding of organic matter, and
how plant material becomes long-term
soil organic matter (SOM) has increased. 
New theories have been developed and 
they are supported by new research. 

Short video on SOM:
https://source.colostate.edu/csu-study-proposes-new-
approach-to-retaining-soil-carbon/

More detailed explanation of SOM by Dr. Francesca 
Cotrufo, Colorado State University:
https://www.youtube.com/watch?v=MgYzGWIt71s

https://source.colostate.edu/csu-study-proposes-new-approach-to-retaining-soil-carbon/
https://www.youtube.com/watch?v=MgYzGWIt71s


What is soil organic matter?



Two main soil organic matter pools:
• POM (particulate organic matter)

• Residue stabilized in soil aggregates
• This C not long-term stable

• MAOM (mineral associated organic matter)
• Dead microbial cells embedded in clay 

and silt particles
• This C long-term stable

Lavallee, J.M., Soong, J.L. and Cotrufo, M.F., 2020. Conceptualizing soil 
organic matter into particulate and mineral‐associated forms to address 
global change in the 21st century. Global Change Biology, 26(1), 
pp.261-273.
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Goal in organic systems is to 
increase MAOM – mineral associated
organic matter.



MAOM consists of single molecules or 
microscopic fragments of organic material 
that have either:
• leached directly from plant material or
• fresh plant material that has been

chemically transformed by soil microbes
Forage-grain rotations at Glenlea had a
18% higher DOC than grain only rotation

Dissolved 
organic C 

Roots far more
important than
above-ground
plant parts



The soil microbiome is the 
“eye of the needle” as it controls

the amount and the efficiency of C
entering the MAOM 



“The largest and most efficient formation of SOM 
stabilized through association with minerals 
(MAOM) occurred quickly (within six months of 
fresh litter input) and was favored by high 
precipitation and availability of mineral surfaces” 

Haddix, M.L., Gregorich, E.G., Helgason, B.L., Janzen, H., Ellert, B.H. and 
Cotrufo, M.F., 2020. Climate, carbon content, and soil texture control the 
independent formation and persistence of particulate and mineral-
associated organic matter in soil. Geoderma, 363, p.114160.



Evidence that soil microbial function can be enhanced 
in organically managed cropping systems

• DOK study in Switzerland, since 1987
• Kellogg study in Michigan, since 1988
• Glenlea study in Manitoba, since 1992
• AAFC Prairie studies (not organic)



Management practices to increase MAOM

Plants, plants, plants..
• Living root systems add sugars to the soil microbial community (bacteria in particular) increase microbial 

growth
• Living roots are required for mycorrhizal fungi to grow. Mycorrhiza do not grow on dead plant material.
• Among plants, perennial polyculture (including legumes, grasses, forbs) > annuals with shoulder season 

cover crops > annual diversified rotations > annual monoculture

Reduce tillage?
• No-till can increase MAOM provided a diverse rotation used
• Cover crops can offset negative effects of tillage 
• Tillage in soils with low N status particularly damaging to SOM

Balanced nutrient supply
• An adequate supply of nutrients is required 
• MAOM requires more N than POM due to its higher C:N ratio – therefore legumes important in system
• Soils with very low soil P can result in loss of SOM since P deficiency forces soil microbes to mine the SOM 

for P

Grazing (see following two slides)
• Grazing has been shown to increase SOM levels compared with unharvested forages (this surprises many)
• Efficiency of C capture increased with grazing
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Franzluebbers et al. (2001) Soil Sci. 

Soc. Am. J. 65:834-841 

Soil C sequestration

(Mg ha-1 yr-1) (0-5 yr):

--------------------------------

Hayed              0.30

Unharvested   0.65

Grazed             1.40

Grazing 5 year Bermudagrass stand increased soil C
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Grazing also increases Carbon use efficiency

Boddy, E., Hill, P.W., Farrar, J. and Jones, D.L., 2007. Fast turnover of low molecular weight components 
of the dissolved organic carbon pool of temperate grassland field soils. Soil Biology and 
Biochemistry, 39(4), pp.827-835.


