
Soil Organic Matter

Histosol Alfisol Spodosol
OM ≈  OC x 1.7-2.0

(assumes 30% C)

(1.72 typically used as a 
conversion factor)

Nonliving (humus & detritus) and 
living (microbes, fauna, roots) 

Unit 2

Forms of Soil Organic Matter:

- dissolved (soil solution):  DOM

- discrete solid phase: SOM (colloids)

- complexed with soil minerals



Soil Organic Matter

Important Functions:

- maintenance of good soil pore structure and clay aggregation

- increased water retention and improved water entry

- retention of nutrients: cations (by cation exchange, complexation, 
chelation) and anions (by ligand exchange, metal bridges)

- release of N, P, S and trace elements by mineralization
- retention/release of potentially toxic organics and inorganics

(CHONPS)

Climate

Water

Nutrients

Structure

- temperature and moisture



Earth Pools (and Cycling) of Organic Carbon

The Global Carbon Cycle

Fluxes = units of 1015 g Carbon / year 
Pools = units of 1015 g Carbon (peta = 1015)
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Global SOC pool   ≈  Vegetation pool x 4

Flux 
imbalances?

Net:

219.5 Pg/yr 
enters atm

while

215 Pg/yr 
removed 
from atm

1576  Pg of SOC (depth of 1 m)
1738  Pg of Inorganic C

3314  Pg of C

Global SOC pool ≈ Atmospheric pool x 3
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OM pathways in an ecosystem

  

Primary Productivity

Leaves & Roots

Soil OM 

Microbes 

1

Decomposition
Heterotrophic respiration

O

A

B

leaching of nutrients

Gas loss

1. Plant nutrient uptake

Litter and microbes: precursors to and/or components of SOM?



Terrestrial Organic Carbon: Stocks by Ecosystem Type



1558  Pg

P  =  peta  =  1015 g Carbon

Carbon is not equally distributed among all types of soils

~5
0%
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Distribution of Soil Organic Carbon as a Function of Depth

Global distribution of 
terrestrial C



What is organic matter?



Organic molecules in Soils
Cellulose

a very stable component of plant cell walls
Lignin

7,000-15,000 glucose molecules per polymer; 
unbranched polymer

Hemicellulose (polysaccharide)

(polysaccharide)

500-3,000 sugar units per polymer; 
branched polymer



Lipids
some are structural components of cell membranes (plants, microbes); store energy

Fat

Organic molecules in Soils

Proteins



Relative composition of organic molecules in plants and microbes



Decomposition of organic residues

Note: low CUE (Carbon Use Efficiency)

Decomposition: The breakdown of matter by bacteria and fungi. It changes the chemical 
composition and physical appearance of the materials. It is the process by which carbon is 
released from decaying biological matter.



Mineralization – refers to the overall process that releases elements from organic compounds to 
produce inorganic (mineral) forms

proteins  →  amino acids + CO2

R-NH2 →  NH4
+ →  NO3

-

R-S →  S2- →  SO4
2-

inorganic 
nutrients

“humification”, by definition, “the (abiotic) polymerization into new covalently bonded carbon 
compounds in soils is controversial”

+

Immobilization - the conversion of an element from an inorganic state to an organic state (biomass)

Decomposition of organic residues  → Formation of SOM



Addition of fresh plant residues to soil

The priming effect, i.e. the increase in 
soil organic matter decomposition 
rate after fresh organic matter input to 
soil, is often supposed to result from 
a global increase in microbial activity 
due to the higher availability of 
energy released from the 
decomposition of fresh organic 
matter.

Quality of fresh organic 
matter affects priming of 
soil organic matter and 
substrate utilization 
patterns of microbes
Consideration of microbial 
demands for nutrients and fresh 
OM supply simultaneously is 
essential to understand the 
underlying mechanisms of PE



Decomposition of plant residues

biomolecules from pine needle litter

“extractables” are LMW 
compounds including simple 

sugars, phenolics and 
hydrocarbons 

fresh litter

> 18 years

~1-3 %

Plant residues in tropical forests
~ 2yrs

75% mass loss

48% lignin remaining



Factors controlling the rate of (S)OM decay
Ecosystem properties (biotic/abiotic) 

Placement = Location; Size and Surface Area; C:N Ratio; Litter Quality

More effective soil management could reverse some of this loss [by altering microbial 
processes] to restore some of this soil carbon.

forest

agriculture

This carbon is now in the atmosphere as carbon dioxide. 

Globally, surface soils have lost 25-50 % of their carbon over the last 100-125 years 
during the period of intensive cultivation. 



Turn the table: Organic Matter Persists in Soils

SOM CO2
turnover time

Water

~ factors which might inhibit microbes

OM persistence: varies with climate and 
soil properties

Temperature



1. Inherent chemical recalcitrance

to surfaces (clays, oxides)

Turn the table: Organic Matter Persists in Soils

small molecule large molecule

polycationic metals (Al3+, Fe3+, Cu2+)

2. Chemical stabilization via bonding

SOM CO2
turnover time

A closer look:



3. Physical occlusion  ≈  Location
within aggregates 

(macro at 250-2000 µm, micro at 53-250 μm)  
within mineral particles

accessibility to decomposition

Minerals physically isolate SOM from microbes and inhibit degradation 

Turn the table: Organic Matter Persists in Soils

There might be limits on O2 diffusion needed for degradation



Nature 478, 49–56 (06 October 2011)

Observed mean residence times for several organic compounds



Observed mean residence times for several organic compounds

Inherent chemical recalcitrance

Chemical stabilization via bonding

Physical occlusion

“In temperate soils, the average 
turnover time is 50 yrs, but in tropical 
and boreal forests the average 
turnover times are greater than 1000 
yrs.”

Climate and soil properties: water content, 
temperature, pH, nutrient deficiencies, and 
mineral composition of the soil

What is it?   “ecosystem properties”



Current developments: incorporation of microbial processes into models to allow 
scientists to evaluate the soil management practices that can restore soil carbon globally

SOM “pools”

Active: live microbes and their by-products 
(0.5 to 5 year turnover)

Slow: physically and chemically protected 
(10 to 50 year turnover)

Passive: physically protected or chemically 
resistant (800 to 1200 year turnover)

SOM pools are the basis for the CENTURY Ecosystem Model
-- evaluate the effects of environmental change-- based on turnover rates of SOM pools

-- evaluate changes due to management practices



Soil Organic Matter Management

infiltration



forest

agriculture

OM management 
improved or land put 

back into native 
vegetation

Soil Organic Matter Management



Factors controlling the rate of (S)OM Accumulation



C:N Ratio (in cover crops)

Factors controlling the rate of (S)OM 
Accumulation/Decay

legume

grass



Litter Quality:
(litter of poor quality: high C:N ratio (>30) and high contents of lignin (>20%) 

and polyphenols (>3%); litter with limited potential for microbial 
decomposition and mineralization of plant nutrients 

Factors controlling the rate of (S)OM Accumulation/Decay



Influence of rotations, residues, and plant nutrients

Rotation vs continuous corn: 
higher SOM due to less 
tillage and more root 
residues 

Factors controlling the rate of (S)OM Accumulation/Decay

virgin grassland soil

Manure, lime and nutrients: 
higher SOM due to more OM 
added as manure and in 
residues from higher yields 

lime and nutrients: higher 
SOM due to more OM added 
in residues from higher 
yields and N for OM 
formation 
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