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Soil organic C makes up a small percentage of the
soil mass but has a big impact on soil properties.

Photos by Ray Weil



Soil organic matter is the portion of soil
material that is derived from living organisms.

Soil organic matter

) ) , Fragmented plant tissue Single molecules or microscopic fragments \
Plant litter/crop residue (Particulate organic matter) (Mineral-associated organic matter)

65-85% of C as CO
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Fractional abundance

Soil organic matter consists of plant
and microbially derived compounds.
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Soil organic C stocks represent a
balance of inputs and outputs.

Carbon Out

Plant litter
[residues
Animal wastes |
Imported bio-#%
products

Rhizodeposition

Root residues




Increase in soil carbon

Soil carbon sequestration has a limited
duration.

Increased inputs do not result
in additional soil carbon

A Saturation

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

additional soil carbon

New steady state _f Increased inputs result in
B

--------------- “ C inputs = C outputs

<+— C inputs > C outputs

4 Time

20-50 years West and Six 2007




Factors that affect C inputs and
outputs in agricultural systems

Inputs Outputs
* Species of crops in * Temperature
rotation

* Soil aeration status
* Crop productivity

_ * Soil texture
* Genotype x environment x .
management * Soil disturbance

* Fraction of the crop that * Quality of inputs
is harvested

* Cropping intensity
* Use of biomaterials

* Placement of inputs
* Use of pyrolysis



Crop species provide different amounts of C to the soil
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Fertilization increases soil organic C
by increasing C inputs
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Cropping system intensification increases
soil organic C by increasing C inputs

Organic Carbon (g C kg soil)
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Controlling

Mechanisms of soil organic matter protection
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Global distribution of soil organic carbon (0-1 m)

Total Soil C, Mg/ha |
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Global Soil Organic Carbon Stocks

* Low mean annual temperatures slow decomposition more than
productivity -> highest SOM levels are found in cold regions.

* High rainfall increases plant growth more than it does decomposition ->

high SOM levels found in humid regions.
Weil and Brady 2017, adapted from
Scharlemann et al. 2010



Soil organic C (%)

Management controls on C outputs — drainage

On average, 5.4% loss of

soil organic Cin 0-20 cm
due to drainage in lowa
soilscapes. I
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Soils with higher silt and clay tend
to have higher soil organic C.
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Organic carbon content (%)
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Weil, Stine, Mughogho 2017



Organo-minera
| interactions at
different scales

Particle-particle interactions

clay/silt/sand particle

Fe-(hydr)oxide surface
‘coating’

Layer of OM

Polysacharides,
proteins

Water-stable aggregates

Mineral particles

Water-stable aggregates and dry-sieved aggregates

Micropores, <9 um
(plant-available water)

Mesopores, 9-1000 ym
(gravitational water)

Dry-sieved aggregates
(110 mm)

BN

Water-stable aggregates
(>0.25 mm)

Loose particles (<1 mm)
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Cotrufo and Lavallee 2022 adapted from Regelink et al. 2015



Management controls on C outputs — no-till

* No-till provides greater
protection of particulate organic
matter through aggregation (Six
et al. 1999).

* Increased soil organic C levels in

E 40 -/ No-till
no-till soils are most pronounced £} /[ = T Plowil

at the surface.
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* |n some environments, there is
no increase in whole-profile soil
organic C under no-till (Ogle et o I'sm.or amc;carbm /kls 3
al. 2019). o
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Weil and Brady 2017



Management controls on C outputs — quality

B Fallow
[ Brassica
B Legume
[ 1Grass
B Mixture

In this study, the easily
decomposable legume cover
crop produced more
mineral-associated organic
matter than the grass and
brassica despite having the
lowest biomass production.
This was associated with a
large amount of bacterial
necromass formation.
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Management controls on C outputs — deep placement

* Carbon has a longer g Deep rooting
. . . B4 1§
residence time in the s K o
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Management controls on C outputs — biochar

* Biochar is produced
from thermal treatment
of organic matter under
reduced or zero oxygen.

 Mineralized 10-100x
more slowly than
uncharred residues
(Lehmann et al. 2015).

* Potential to confer
greater stability of other
organic matter, improve
water and nutrient
retention (reviewed in
Powlson et al. 2011).

Photo by Sanjai Parikh



Not all practices that increase soil organic matter lead to CO, drawdown

Practice for increasing | Ancillary effects
soil organic matter

Irrigation CO, generated from pumping of irrigation water

Fertilization CO, generated from off-site manufacture of fertilizer; N,O
generated from soil application

Manure application Manuring redistributes carbon from another location,
must consider other potential fates of the C.

Biochar Rate of carbon storage is uncertain relative to emissions
associated with collecting and pyrolyzing materials.

Reduced tillage Reduces emissions from agricultural machinery but does
not necessarily increase carbon storage for the whole
profile.

Perennial vegetation Potential for leakage (i.e., land-use change impact)

Schlesinger 2000, 2022, Paustian et al. 2016






How excess fertilizer causes nitrous oxide emissions

Fertilizer N.O Fertilizer N.O N
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Nitrification Denitrification

SOURCE: E. VERHOEVEN ET AL / CALIFORNIA AGRICULTURE 2017 KNOWABLE MAGAZINE



Requirements for nitrification

v/ Supply of NH,*
¢/ Nitrifier population

- Abundant in most soils, but may take weeks to build up
in sterile or subsoils

¢/ Oxygen supply (>0.5 mg OZ/L in soil water)
v/ pH between 5 and 9 (optimum: 8)

¢/ Soil moisture (optimum: field capacity)

v/ Temperature >5° C (optimum: 25-35° C).



Requirements for denitrification

v/ Locally anaerobic conditions (<0.2 mg 0_/L in soil water)

v/ Influenced by soil moisture, texture, compaction,
biological activity

v/ Decomposable organic matter
v/ Source of NO;
v/ Temperature >2-5°C (optimum 25-35°C)



net gaseous production =

NITRIFICATION

[ | oenirriFicAaTION

g NO

L=

0.2 0.4 0.6
water filled pore space (WFPS)

0.8 1.0

Davidson 1991



Soil moisture, temperature, N supply, and microbial activity
interactively affect N,O emissions in the US Corn Belt.
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High temporal variation in N_,O emissions

N,O emission (g N,O-N ha™' d')

WFPS (%)
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High spatial variation in N,O emissions

o 24% of emissions
came from just 1%
of the area

e Hotspots
corresponded with
areas of higher
iInorganic N,

dissolved organic
S0 100 C

McDaniel et al. 2017
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Nitrous oxide emissions increase with
surplus nitrogen fertilizer inputs.
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Nitrous oxide management

strategies

Higher than Rec Rates
Lower than Rec Rates
Fertilizer Placement
Fertilizer Timing

PCU

Nitrification Inhibitor*
Cover Crop

Rotation

Manure

Tillage

-60 -40 -20 0 20 40 60
Change in N,O Emissions (%)

80

Han et al. 2017



Direct Nzo
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Concentrations

Methane production occurs in the

absence of oxygen (i.e., rice paddies)
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Quantitative review reveals management

practices to reduce methane from rice

production

Organic amendment
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Baseline condition Mitigation practices

Degraded or > (i) Convert to perennial
marginal land? vegetation

Putting it all together: v

Drained, cropped -
organic (histosol) soils? R o el

Climate-smart soil |
ma nagement pra Ctices differ Severe nutrient (iiiy Add nutrients; add lime;

deficiency? grow N-fixing species

depending on the context. v y—

Extensive bare fallow 3 (iv) Grow cover crops; reduce

or vegetate fallow fields

Excess N fertilizer use? —_—

v —

(v) Reduce to economic-
optimal rates

(vi) Reduce or halt tilling;

ive ti ? —_— : :
ntensiemliage implement residue retention
Suboptimal N (vii) Improve timing and

———————» placement; use enhanced-

management? G o
9 efficiency fertilizer

(viii) Rotate perennials; use

Low residue crops? —————» agroforestry; use high-C input

SPecies; grow cover crops

Available exogenous
organic amendments?

H‘/_/

High-capacity greenhouse Pa ust|a neta I . 20 16

gas mitigation on cropland

(ix) Add amendments such as
compost and biochar

¢ No —> Yes —>» Practices implemented
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Denitrification is most pronounced in
poorly-drained soils with high organic matter
content.

Soil organic | Excessively | Well Moderately | Somewhat | Poorly
matter (%) | well drained well poorly drained
drained drained drained

% inorganic soil N denitrified

<2 2-4 3-9 4-14 6-20 10-30
2-5 3-9 4-16 6-20 10-25 15-45
>5 4-12 6-20 10-25 15-35 25-55

Meisinger and Randall 1991



Nitrous oxide management
strategies
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Can N_O emissions offset C storage?
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Nitrous oxide and methane emissions by major crop
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