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Biosphere-2. 
A parable about soil organic matter 
and the carbon cycle. 



Biospherians in Biosphere2
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Decrease SOM by:
• Erosion
• Intensive tillage
• Low plant productivity
• Whole plant removal
• High temperatures
• Overgrazing
• Dry soil conditions
• High temperature/direct sun
• Fire
• Reliance on inorganic 

fertilizers

• Excessive mineral N
• Low plant root:shoot ratio

Increase SOM levels by:
• Soil conservation
• Cover crops
• High plant productivity
• Return of plant residues
• Controlled grazing
• High soil moisture
• Surface mulch
• Composts & manure
• Appropriate N levels
• Year ‘round and perennial vegetation
• High plant root:shoot ratio

Soil Organic Matter 
Management:

Balancing C inputs with 
output

Tillage



Typical fate 1 
year after 100 

grams of  plant 
residue C 

added to a soil

60 to 80% of 
C respired

15 to 35% of C incorporated 
into soil is stabilized

Protected, 
stabilized 

humus

Labile, non-living 
Carbon

Biomass of 
microorganisms

10 to 30 g
3 to 8 g3 to 8 g



Traditional 
soil organic 

matter 
concepts

Fig. 12.11 from
Brady & Weil, 
14th edition,2007

Leaf

to

humus

Humin

Humic 
acids

Fulvic
acids



An often-cited model of “humic acid”
with carbohydrate, hexapeptide, and hydrating water molecules.
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H.-R. Schulten and M. Schnitzer. 1997. Soil Sci.162:115-130.



Char

Fi
re

La
bi

le
 C

Hu
m

us
 (s

ta
bi

liz
ed

  C
)

De
so

rp
tio

n

Sorption

Protected by sorption 
to  mineral surfaces

Inaccessible inside 
microaggregate

Protected by 
cold or wet 
environment

Particulate 
Organic 
Matter 

Shredding

Dissolved 
Organic 
Carbon

Enzymes

Microbial 
Biomass

Plant Litter

Protected/stabilized organic 
matter (Humus)



Hierarchical and 
biological nature of 
physical aggregates 
greatly influence the 
biology, physics and 
chemistry of the soil . 

Iron 
oxides

From: Weil and Brady. 2016.

Scanning 
Electron 
Micrograph of 
fungal hyphae 
stabilize a soil 
aggregate. 
Courtesy  
University of  
Bremen, 
Germany





Much soil organic matter is the remains 
of microbial rather than plant cells

Necromass: dead 

cells of bacteria 

and fungi 

adsorbed 

to particle surfaces



Influence of environment on organic matter levels in soils

If water is equal, grassland soils accumulate more SOC

Poorly drained soils accumulate more SOC



Chernizems (Manitoba) Luvisols (Ontario)



Strickling, 1975

Effect of 20 
years of 

management 
on SOM and 

corn growth in 
year 21 on 

Beltsville silt 
loam in 

Maryland

Previous 20 years: 
Continuous corn 
with tillage

Previous 20 years: 
Continuous 
bluegrass, untilled



Soils sampled from 25 rotation plots.

25 yrs of 
conventional 
corn

20 yrs of bluegrass, 
then 5 yrs 
conventional corn1.2% OM

2.0% OM



After adding water to soils from the rotation plots.

25 yrs of 
conventional 
corn

20 yrs of bluegrass, 
then 5 yrs 
conventional corn



Soils from the rotation plots after drying.

25 yrs of 
conventional 
corn

20 yrs of bluegrass, 
then 5 yrs 
conventional corn



Aggregate stability 
or slaking of tilled 
and untilled soil

30 years 
in grass 
and trees

Conventional 
tillage with 
potato/wheat/bean 
rotation

Air-dry a few 
clods of your 
own soil and 
try this at 
home!



Above-
ground 
inputs

Below-
ground 
inputs

Russell et al.(2009). Nitrogen fertilizer effects on soil carbon balances in 
Midwestern U.S. agricultural systems. Ecological Applications 19:1102-1113.

Organic C in 2 Midwest agricultural soils as 
influenced by crop residue inputs
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Russell et al.(2009). 

Response of 
net primary 
production 
(NPP) of corn
to N fertilization 



Poffenbarger et al. 2017 PLOS ONE

Nitrogen inputs are necessary to maintain or increase soil 
organic carbon in corn-based cropping systems.



Conceptual relationships among N fertilizer, corn yield, residue 
production, and residual soil inorganic N

Poffenbarger, et al. (2017) Maximum soil organic carbon storage in Midwest U.S. cropping systems when 
crops are optimally nitrogen-fertilized. PLOS ONE 12(3): e0172293. 

Yield and residue



but most of the 
carbon is deeper

From Weil and Brady. 2016.

The few deeper 
studies suggest C 
accumulates 
deeper in tilled 
soilsSoil organic carbon, g/kg

Most of the data are…
from top 20 cm…

Soil organic carbon, g/kg 
No-till

Tilled

Studies that look deep 
suggest that no-till 
may change the 
location but not the 
amount of carbon 
stored in soils.



Passive C (protected, 
stabilized SOM)

Soil organic matter in the upper 
30 cm of a representative  

never cultivated prairie soil

Active C (unprotected, 
labile SOM)

Total soil organic matter

Plant litter/residues

Changes in soil organic matter 
fractions due to cultivation and soil 

management

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

Cultivation ceases or 
improved agricultural 
practices are adopted



• Careful SOC  measurements typically have at least a 10% error 
range:  e.g.  2.0% SOC (~ 4.0% SOM) could be measured as 1.9% or 
2.1% SOC.

• 2.0% SOC= 2% of 2 million kg/ha or 40,000 kg /ha (to 15 cm deep).
• This can be measured as accurately as 38,000 to 42,000 kg/ha.
• To be detected, SOC would have to increase by > 4,000 kg/ha.  
• If 75% of added OC in residues is respired within a year, 4,00/0.75 = 

16,000 kg of residue C are needed for detectable increase in SOC.
• At about 40% C, 40,000 kg of dry matter additions are needed. 
• This could be accomplished with about 5 years of really heavy 

(8,000 kg/ha DM) cover crops, 
• But it would take 40 years of the typical 1,000 kg/ha cover crops

often reported on farms in the Corn Belt.

How soon will I see an increased soil organic matter 
(carbon) numbers once I start cover cropping?



Synergistic effect on soil health when cover crops and 
no-till management are combined.

data from Olson et al. (2014)

• 12-year study , southern IL.
• corn–soybean rotation 
• no-till, NT; 
• chisel plow, disk, CP; 
• moldboard plow, disk, MP 
• moderately well-drained soil 



Functions
• Feeds the Biomass 

Soil Food Web
• Releases Nitrogen, 

Sulfur, Phosphorus, 
etc.

• Promotes and 
Stabilizes Aggregate 
Structure



Unprotected Labile Organic 
Matter Components

• Easily Oxidized Organic C 
(e.g. POXC)

• Particulate Organic 
Matter (POM)

• Light Fraction Organic 
Matter

• Soluble Carbon
• Fungal sugar-proteins 

and bacterial 
polysaccharides



Cover crops may change that 
assessment…



Managing soils to 
improve plantssoils

Thank you!

Think about…

plants
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