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Carbon Farming with No-tillage
Presentation outline

• Context

• Review: No-tillage and soil 
carbon stocks

• Additional considerations



A Role for Agriculture?
Greenhouse gas mitigation initiatives



Carbon Inputs  Carbon Outputs
• Roots/Rhizodeposits
• Residue
• Amendments
• Deposition

• Grain
• Residue
• Erosion
• Efflux/Emission (CO2, CH4)
• Leaching

Agroecosystem Carbon Balance
Inputs & Outputs, Simplified

>



Soil Carbon Accrual for Cropland
Three general strategies

USDA National Agroforestry Center

Cropping Practices

Amendments

No-Tillage

USDA National Agroforestry Center



No-Tillage
Description and use

• A system of planting crops into untilled 
soil by opening a narrow slot or trench 
only of sufficient width and depth to 
obtain proper seed coverage (R. Derpsch)

• Also referred to as ‘zero tillage’, ‘direct 
seeding, or ‘slot planting’.

• Practiced on 42 million hectares in US 
(USDA-NASS, 2017)



No-Tillage and Soil Carbon Stocks
What does the literature say?



Individual Study Results
≈1970 to ≈1990

No-till (NT) > Conventional till 
(CT) at near-surface depths

Assessments limited to 
surface 30 cm

 Soil bulk density not always 
reported 

Blevins, R.L., G.W. Thomas, M.S. Smith, W.W. Frye, and P.L. Cornelius. 1983. Changes in soil properties 
after 10 years continuous non-tilled and conventionally tilled corn. Soil Tillage Res. 3:135-146.

Blevins et al. (1983)

≈2x greater



Meta-Analysis
West and Post (2002)

Domain Global

Data

67 long-term 
experiments; 

276 paired 
treatments

Depth 0-30 cm

West, T.O., & Post, W.M. (2002). Soil organic carbon sequestration rates by tillage and crop rotation: A global 
data analysis. Soil Science Society of America Journal, 66, 1930-1946.

Key findings:

 SOC stocks: NT > CT

 85% of sequestered C in NT occurred 
in the top 7 cm of soil

NT sequestration rate = 48 g C/m2/yr



Meta-Analysis
VandenBygaart et al. (2003)
VandenBygaart, A., Gregorich, E.G., & Angers, D.A. (2003). Influence of agricultural management on soil organic 
carbon: A compendium and assessment of Canadian studies. Canadian Journal of Soil Science, 83, 363-380.

Domain Canada

Data
62 studies;    
291 paired 
treatments

Depth
To 37.5 cm in 
W. Canada; 70 

cm in E. Canada

Key findings:

 SOC stocks: NT = CT

 Strong regional difference in NT and 
SOC stocks:

 W. Canada: 32 g C/m2/yr

 E. Canada: -7 g C/m2/yr



What was happening in eastern Canada?
Angers et al. (1997)

 Inversion of residues in CT to 
depth with limited aeration

 NT may not confer a yield benefit 
relative to CT in eastern Canada

 Earthworm activity in eastern 
Canada NT fields may facilitate 
greater residue assimilation and 
decomposition

Angers et al. (1997)

VandenBygaart et al. (2003)

• NT = CT
• SOC redistributed 

across 60 cm depth



Documenting Meta-Analysis Caveats
Baker et al. (2007)

 Tillage differences in root length 
density (RLD) between NT and CT:

>RLD in NT at surface depths
>RLD in CT at lower depths

 Shallow sampling of tillage treatments 
favors >SOC in NT than CT

 Need deeper soil depth sampling for 
SOC, along with gas exchange 
measurements

Baker, J.M., Ochsner, T.E., Venterea, R.T., & Griffis, T.J. (2007). Tillage and soil carbon sequestration—What do we 
really know? Agriculture, Ecosystems & Environment, 118, 1-5.

“The widespread belief that 
conservation tillage favors 
carbon sequestration may 

simply be an artifact of 
sampling methodology.”

Baker et al. (2007)



Reviews and Meta-Analyses
2008-2015

Citation Govaerts et al. (2009) Luo et al. (2010a) Luo et al. (2010b) Aguilera et al. (2013)

Domain Global Australia Global Mediterranean

Data 78 studies 39 publications 69 studies 21 publications

Depth 0-108 cm 0-30 cm 0->40 cm 34 cm (mean)

Key 
Findings

NT>CT in 40 studies

NT<CT in 7 studies 

NT=CT in 31 studies

NT>CT NT=CT NT increased SOC by 
44 g C/m2/yr



Reviews and Meta-Analyses
2016-present

Citation Haddaway et al. (2017) Ogle et al. (2019) Bai et al. (2019) Das et al. (2022)

Domain Warm temperate and 
boreal regions Global Global Tropical and 

subtropical regions

Data 351 studies 178 sites 417 publications 84 publications

Depth 0-15, 15-30, >30 cm 0->30 cm 0-10, 10-20, 20-50, 
and 50-100 cm

0–10, 10–20, 20–30, 
30–40 and >40 cm

Key 
Findings

NT>CT, 0-15 cm

NT=CT for soil profile

NT>CT, <20 cm

NT<CT, >20 cm

Greater uncertainty 
in SOC with depth

NT>CT, 0-10 cm

NT<CT, 10-50 cm

NT=CT, 50-100 cm

NT=CT, all depths



Take home message from meta-analyses…

No-tillage is not a universal  
strategy to increase soil carbon
NT>CT at surface depths
NT<CT at lower depths
NT=CT across profile

But there’s more to the story…



No-tillage and Soil Carbon
Are there ideal conditions for an SOC accrual?

 Land use history Croplands far from 
carbon saturation (Amelung et al., 2020)

Management Intensified systems 
with high C inputs (Aguilera et al., 2013)

 Climate Tropical (dry/moist/wet) and  
Warm & Cool (moist) found to favor SOC 
accrual under NT (Ogle et al., 2019) 

 Soil type Loamy, silty, clayey, sandy, 
depending on climate (Bai et al., 2019; Ogle et al., 2019)

 Time Greatest SOC increases observed 
after 20 yr (Bai et al,  2019)

Management 
to Increase 

Carbon Inputs

Soil and 
Climate 

Attributes

Land Use 
History 



Agroecosystem Greenhouse Gas Balance
Many sources, a few sinks

CRS (2018)



Global Warming Potential (GWP)
Putting GHG mitigation in a climate context

Global warming potential (GWP) is 
a measure of how much heat a 
greenhouse gas traps in the 
atmosphere up to a specific time 
horizon, relative to carbon dioxide.

For example…
• 1 CO2 = 1 CO2 equiv.
• 1 CH4 = 28 CO2 equiv.
• 1 N2O = 265 CO2 equiv.

Myhre et al. (2013)

* 100-yr time horizon

Placing emission sources/sinks on a level playing field 
when considering GHG mitigation potential



Factor Spring wheat -
Fallow

Continuous 
spring wheat

Spring wheat -
Safflower - Rye

- - - - - - - - - kg CO2equiv. ha-1 yr-1 - - - - - - - - -
Seed production 21 b† 42 a 47 a
Fertilizer production 66 c 238 a 171 b
Pesticide production 112 82 99
Field operations 93 c 143 a 128 b
SOC change 69 -205 -1244
CH4 flux -19 -11 -14
N2O flux 479 1658 799
Net GWP 822 1948 -14

Liebig et al. (2019)

Cropping Systems Evaluation - Mandan, ND USA
GWP & No-Tillage Example

† Negative numbers imply CO2equiv. gain (black)  Positive number imply CO2equiv. loss (red). Means in a row with unlike letters differ 
(P ≤ 0.05).

- - - - - - - - No-Tillage Management - - - - - - - -



No-Tillage Management
Other Considerations

 Tail-pipe emissions Relative to CT, fewer field 
implement passes with NT 
 Lower CO2 emissions from operations (West and Post, 2002)

 Improved fertility Soil fertility often improves 
under NT, reducing fertilizer N inputs
 Lower CO2 emissions from inputs (West and Post, 2002)

 Lower N2O emission from soil in humid climates (Six et al., 2004)

 Improved soil structure  NT frequently improves 
aeration and water regulation
 Greater CH4 uptake and lower N2O emission (Plaza-Bonilla et al., 2020; 

van Kessel et al., 2013)



Conclusions
Carbon Farming with No-tillage

 Increased soil carbon with no-
tillage is not systemic

 There are conditions that appear 
to favor carbon accrual under no-
tillage (e.g., history, climate, soil type, management)

 Many other factors in addition to 
soil carbon need to be considered 
to assess mitigation potential
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