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What I1s Soil Organic Matter?

Definition:

The organic fraction of soil including plant, animal, and microbial
residues, at all stages of decomposition.

The living, the dead and the very dead

l ' !

Organic
5%

Roots, micorrhizae Crop residues, dead Humus
and bacteria roots, microbial biomass Stabilized OM




The organo-mineral complex
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Plant root

@ Microaggregates

@  Plant and fungal debris

@®  Silt-sized aggregates

©  Clay microstructures
Particulate organic
, matter being decomposed
by saprophytic fungi
P Mycorrhizal fungal hyphae

Pore space and
organic binding agents

Anderson, 2009



Soil C loss due
to land use

Map A shows the global distribution and intensity of crop production (red) and cattle grazing (green) and map B shows
regional changes to soil carbon stocks since 10,000BC. On map B, blue represents the highest level of soil carbon gain

since 10.000BC, while red shows the highest level of carbon loss. Black shows unfarmed desert regions (Sanderman et al. 2017)



Soil C stocks

Paustian, 2014
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The role of soll organic matter

Chemical functions Physical functions Biological functions
- Adds to the cation exchange - Improves structural stability - Creation of habitat
capacity of the soil through aggregate formation

- Source of carbon
- Buffers changes in pH - Influences water retention,

through aggregate formation - Source of nutrients

- Binds with cations (e.g. Mn?*
and Al®*) - Buffers against extremes in

temperature




Global meta-analysis of the relationship between soil
organic matter and crop yields

Emily E. Oldfield', Mark A. Bradford', and Stephen A. Wood'-

ISchool of Forestry and Environmental Studies, Yale University,
370 Prospect Street, New Haven, CT 06511, USA
2The Nature Conservancy, Arlington, VA 22201, USA

Corn and wheat yield gains occur with increases in
SOM up to ...

4%




Building carbon: things to consider

e Carbon inputs
e Carbon protection



Building carbon: things to consider

e Carbon inputs
e Carbon protection



lnputs

* Fertilizer

* Manure

* Crop residues
* Cover crops



What's the difference between SOI\/I and SOC?

Soil organic matter

* Measured as loss on ignition
* Mass loss

Soil organic carbon

Combustion GC Detection

* Dry combustion, measured as CO, v (a) (e)
h

SOM x 0.52 =50C

o,

(d)
(b) (c) ()

(C1 1996 James P. H. Fuller



* Optimizing N fertilizer is critical for SOM maintenance
* More biomass means more SOM

(a) Continuous Maize (b) Maize-Soybean

0.4

0.2

0.0

-0.2

Location Location
0 Northwest © Central ® Southeast ® South ANorthwest A Central A Southeast 4 South

Soil organic C change (Mg ha'yr")

-0.4
T

0 50 100 150 0 50 100 150
Percent of agronomic optimum N rate

All responses from previous slide scaled as a percent of the optimum rate at each site
0-6” soil sampling, fall chisel plow Poffenbarger ot aI., 2017



(a) Whole-soil 17 year study in British
LDM-high :

OMelore Columbia, Canada
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Most studies that use organic N sources (animal manure or green
manure) show gains in SOC over time, while gains with just inorganic N
were minimal.
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Fig. 2. Percentage response in soil organic carbon (SOC) and soil organic nitrogen (SON) to N fertilizer input as calculated by time response (TR)
ratio and time by fertilizer N response (TNR) ratio using the mixed model and meta-analysis. Ladha et al. 2012



1 10 Mg/ha = 10,000 kg/ha = 9,000 Ib/ac
e 37 different studies
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Fig. 2. SOC stock change after cover crop introduction as a function of time with
linear regression (with 95% confidence interval) and the RothC simulated average
copland (with min and max scenario).

Cover cropping leads
to gains in SOM, but
results across studies
have been quite
variable



Building carbon: things to consider

e Carbon inputs
e Carbon protection



Can no-tillage stimulate carbon sequestration in agricultural soils?

A meta-analysis of paired experiments

Zhongkui Luo®P, Enli Wang®:*, Osbert J. Sun®
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How does tillage intensity affect soll
organic carbon? A systematic review

Neal R. Haddaway"’, Katarina Hedlund?, Louise E. Jackson®, Thomas Kitterer*, Emanuele Lugato®,
Ingrid K. Thomsen®, Helene B. Jargensen? and Per-Erik Isberg’

NT-vs-HT
Upper layer (0-30 cm)  0-12” e

Full profile (0-150 cm)  0-5° T

461[0.78,8.43]

1.65[-5.04 ,8.33]
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Fig. 14 Meta-regression of SOC concentration against study dura-
tion for NT-HT at 0-15 cm. NT no tillage, HT high intensity tillage (see
text for explanation). Point size represents study weighting in the

analysis (inverse variance)




Plant root

0.6 mm




Soil Organic Carbon Stocks
Rapid Carbon Assessment (RaCA) Values Mapped Using SSURGO and NLCD grids

Why do
soils have
different
SOC
levels?
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Paustian, 2014

‘Equilibrium’ soil C stocks

...ooo-Oooo}o-ooo--oooo.oooo--oo

‘clayey’soil

decreased soil disturbance or

|

...............
y Ll YL E T L L L L
LT L
P L
‘.

‘sandy’ soil

R

saturation levelsfor
mineral-associated C

-
b - -

Annual residue C inputs



SOM
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Sequestering or building carbon: things to
consider

e Carbon inputs

* More = more
* Crop residue and cover crops are important
* Long-term manure can help

e Carbon protection
* Reduction in tillage with increase in carbon inputs will be most beneficial

e Carbon saturation
* Soils have a limit to how much C they will sequester based tillage and texture



Building organic matter

* There is evidence that:
* Optimizing yield

Reducing tillage

Using cover crops

Applying manure

will lead to gains in SOM

...over time

...and all management practices and soil texture interact
...and can’t tell you exactly how much it will increase
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SOM genesis: microbial biomass as a significant source

Anja Miltner * Petra Bombach -
Burkhard Schmidt-Briicken - Matthias Kistner

conversion to

structural contribution
by microbial cell debris
Microbial
Lipide biomass
Proteins
©
o Non-living
©
= Cellulose SOM
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o=
©
o
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cellu- :
loses Degradation +
size reduction by structural contribution
s by plant debris
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Fig. 6 Conceptual scheme of the C flow during degradation of derived from microbial biomass because it is processed by the
plant debris in soil. Although the C is originally derived from microbes (LMW cyto. low molecular weight soluble cytosolic

plant organic matter, the molecular characteristics of this C are compounds, DNA/RNA nucleic acids)




Deforestation

Atmospheric
pool

820 Gt

1550 Gt

Lal et al., JSWC



Grain Yield 1958-2007

Low=0, Rec=125, High=250 Ib-N/ac

A High N
@ Recommended N
¢ Low N

10

Grain yield (Mg/ha, 15.5% moisture)

1950

1960 1970 1980 1990 2000 2010
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