
 
 

aggregated across multiple farms in which only a subset of farms are sampled.31 When paired with 
uncertainties ranging from 18.2–37.7%,32 as seen in best-in-class projects today, this represents 
both a significant cost for how projects are currently structured and a significant opportunity for 
improvement to drive down costs, increase confidence, and enable scale (figure 4). Cost 
reduction and increased scale could be achieved through myriad approaches, such as innovation 
to reduce the costly manual labor components of soil sampling and enable more samples at lower 
costs,33, 34 as well as improving model-based approaches and the data underlying them.  
 

 
Figure 4. Illustrative cost build-up for a soil carbon credit in row crop agriculture using a model and 
re-measure approach. MMRV and uncertainty are significant drivers of cost. They also represent significant 
opportunities for investment to reduce costs and scale soil carbon solutions. Note: Cost estimates are based 
on expert consultation and knowledge, published literature for practice adoption, and insurance costs from 
Sustainable Agriculture Research and Education. Soil sampling and analysis costs are from Colorado State 

34 Sanderman J, et al. 2023. Diffuse reflectance mid-infrared spectroscopy is viable without fine milling. Soil 
Security. 13:100104. https://doi.org/10.1016/j.soisec.2023.100104. 

33 We see promising advances in spectroscopic analyses and other techniques that may support these goals.  

32 Brummitt CD, et al. 2024. Solutions and insights for agricultural monitoring, reporting, and verification 
(MRV) from three consecutive issuances of soil carbon credits. Journal of Environmental Management. 
369:122284. https://doi.org/10.1016/j.jenvman.2024.122284. 

31 Bradford MA, et al. 2023. Testing the feasibility of quantifying change in agricultural soil carbon stocks 
through empirical sampling. Geoderma. 440:116719. https://doi.org/10.1016/j.geoderma.2023.116719.  
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Table 10. Summary of studies included in the literature review 

Title Country Duration Practice change Cropping system 

Impact of tillage and crop rotation on 
light fraction and intra-aggregate soil 
organic matter in two oxisols 

Brazil 15 years No-till Mixed 

Impacts of agricultural management 
practices on C sequestration in 
forest-derived soils of the eastern 
Corn Belt 

USA 30 years Managing tillage 
regime Mixed 

Impacts of grazing intensity on soil 
carbon and nitrogen in an alpine 
meadow on the eastern Tibetan 
Plateau 

China 8 years Grazing 
management 

Livestock 
agriculture 

improved grazing management may 
increase soil carbon sequestration in 
temperate steppe 

China 4 years Grazing 
management 

Livestock 
agriculture 

Influence of 90 Years of Protection 
From Grazing on Plant and Soil 
Processes in the Subalpine of the 
Wasatch Plateau, USA 

USA 90 years Grazing 
management 

Livestock 
agriculture 

Influence of sorghum residues and 
tillage on soil organic matter and soil 
microbial biomass in an Australian 
Vertisol 

Australia 6 years No-till Specialty row 
crops 

Influences of grazing and exclosure 
on carbon sequestration in degraded 
sandy grassland, Inner Mongolia, 
north China 

China 10 years Grazing 
management 

Livestock 
agriculture 

Lignin and carbohydrate alteration in 
particle-size separates of an oxisol 
under tropical pastures following 
native savanna 

Columbia 15 years Variable Livestock 
agriculture 

Long-term changes in soil organic 
carbon and nitrogen under semiarid 
tillage and cropping practices 

USA 86 years Conservation 
tillage 

Specialty row 
crops 

Long-term conservation tillage effect 
on soil organic carbon and available 
phosphorus content in vertisols of 
central india 

India 12 years Managing tillage 
regime Row cash crops 

Long-term cropping systems and 
tillage management effects on soil 
organic carbon stock and steady state 
level of c sequestration rates in a 
semiarid environment 

Italy 19 years Managing tillage 
regime Row cash crops 
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Table 10. Summary of studies included in the literature review 

Title Country Duration Practice change Cropping system 

Long-term effect of contrasted tillage 
and crop management on soil carbon 
dynamics during 41 years 

France 41 years Managing tillage 
regime 

Specialty row 
crops 

Long-term effects of conservation 
tillage on organic fractions in two soils 
in southwest of spain 

Spain 25 years Conservation 
tillage Mixed 

Long-term effects of no-tillage 
management practice on soil organic 
carbon and its fractions in the 
northern china 

China 17 years No-till Row cash crops 

Long-term effects of no-tillage, crop 
residue, and nitrogen application on 
properties of a Vertisol 

Australia 13 years No-till Row cash crops 

Long-term effects of tillage and crop 
rotations on soil organic c and total n 
in a clay soil in southwestern 
saskatchewan 

Canada 11 years Managing tillage 
regime Row cash crops 

Long-Term Grazing Effects on Fescue 
Grassland Soils Canada 17 years Grazing 

management 
Livestock 
agriculture 

Long-term grazing effects on 
Stripa-Bouteloua prairie soils Canada 19 years Grazing 

management 
Livestock 
agriculture 

Long-term soil organic carbon as 
affected by tillage and cropping 
systems 

USA 24 years Managing tillage 
regime Row cash crops 

Long-term tillage impacts on soil 
organic matter components and 
related properties on a typic argiudoll 

USA 33 years Managing tillage 
regime Row cash crops 

Modelling the dynamics of organic 
carbon in fertilization and tillage 
experiments in the North China Plain 
using the Rothamsted Carbon 
Model—initialization and calculation of 
C inputs 

China 18 years Managing tillage 
regime Row cash crops 

No-till effects on organic matter, pH, 
cation exchange capacity and nutrient 
distribution in a Luvisol in the 
semi-arid subtropics 

Australia 9 years Managing tillage 
regime Row cash crops 

No-tillage and nitrogen application 
affects the decomposition of 
15N-labelled wheat straw and the 
levels of mineral nitrogen and organic 
carbon in a Vertisol 

Australia 11 years No-till Row cash crops 
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Table 10. Summary of studies included in the literature review 

Title Country Duration Practice change Cropping system 

No-tillage increases soil profile carbon 
and nitrogen under long-term rainfed 
cropping systems 

USA 20 years Managing tillage 
regime Row cash crops 

Organic carbon and associated soil 
properties of a red earth after 10 years 
of rotation under different stubble and 
tillage practices 

Australia 10 years Reduced tillage Row cash crops 

Organic carbon and total nitrogen 
stocks in a Vertisol following 40 years 
of no-tillage, crop residue retention 
and nitrogen fertilisation 

Australia 40 years No-till Row cash crops 

Organic matter and microbial biomass 
in a vertisol after 20 yr of zero-tillage Australia 20 years No-till Row cash crops 

Rangeland soil carbon and nitrogen 
'responses to grazing USA 11 years Grazing 

management 
Livestock 
agriculture 

Recalcitrant and labile carbon pools in 
a sub-humid tropical soil under 
different tillage combinations: a case 
study of rice-wheat system 

India 8 years Managing tillage 
regime Mixed 

Response of organic matter to 
reduced tillage and animal manure in a 
temperate loamy soil 

France 8 years Managing tillage 
regime Mixed 

Rothamsted Long-Term Experiments - 
Broadbalk Winter Wheat Experiment UK 180 years Variable Row cash crops 

Rothamsted Long-Term Experiments - 
Highfield and Fosters Ley-Arable 
Experiments 

UK 70 years Variable Mixed 

Seasonal Variation in Chemical 
Characteristics of Soil Organic Matter 
of Grazed and Ungrazed Mixed Prairie 
and Fescue Grassland 

Canada 22 years Grazing 
management 

Livestock 
agriculture 

Soil aggregation and carbon and 
nitrogen storage under soybean 
cropping sequences 

USA 20 years No-till Row cash crops 

Soil carbon and nitrogen accumulation 
with long-term no-till versus 
moldboard plowing overestimated with 
tilled-zone sampling depths 

USA 28 years Managing tillage 
regime Row cash crops 

Soil carbon and nitrogen of Northern 
Great Plains grasslands as influenced 
by long-term grazing 

USA 78 years Grazing 
management 

Livestock 
agriculture 
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Table 10. Summary of studies included in the literature review 

Title Country Duration Practice change Cropping system 

Soil carbon and nitrogen storage in 
aggregates from different tillage and 
crop regimes 

USA 20 years No-till Row cash crops 

Soil carbon change factors for the 
Canadian agriculture national 
greenhouse gas inventory 

Canada 25 years Variable Mixed 

Soil carbon dynamics under different 
cropping and pasture management in 
temperate Australia: results of three 
long-term experiments. 

Australia 25 years Variable Mixed 

Soil carbon lost from Mollisols of the 
North Central U.S.A. with 20 years of 
agricultural best management 
practices 

USA 20 years Variable Mixed 

Soil Carbon Sequestration Potential: A 
review for Australian agriculture Australia 37 years Variable Row cash crops 

Soil carbon sequestration with 
continuous no-till management of 
grain cropping systems in the Virginia 
Coastal Plain 

USA 14 years No-till Row cash crops 

Soil chemical changes following 
manure application on irrigated alfalfa 
and rainfed timothy in southern 
Alberta 

Canada 5 years Variable Livestock 
agriculture 

Soil CO2 fl ux from a Norfolk loamy 
sand aft er 25 years of conventional 
and conservation tillage 

USA 25 years Conservation 
tillage Row cash crops 

Soil microbial biomass and activity in 
long-term grassland: Effects of 
management changes 

England 11 years Variable Livestock 
agriculture 

Soil organic C and N pools under 
long-term pasture management in the 
Southern Piedmont USA 

USA 24 years Variable Livestock 
agriculture 

Soil Organic Carbon Composition in a 
Northern Mixed-Grass Prairie: Effects 
of Grazing 

USA 21 years Grazing 
management 

Livestock 
agriculture 

Soil organic carbon fractions and 
aggregation in the Southern Piedmont 
and Coastal Plain 

USA 30 years Variable Mixed 

Soil properties, nutrient uptake and 
crop growth in an irrigated Vertisol 
after nine years of minimum tillage 

Australia 9 years Reduced tillage Specialty row 
crops 
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Table 10. Summary of studies included in the literature review 

Title Country Duration Practice change Cropping system 

Stratification and storage of soil 
organic carbon and nitrogen as 
affected by tillage practices in the 
north china plain 

China 9 years Managing tillage 
regime Row cash crops 

The effect of reduced tillage 
agriculture on carbon dynamics in silt 
loam soils 

Belgium 20 years Reduced tillage Row cash crops 

The effect of tillage on soil surface 
properties and the water balance of a 
xeralfic alfisol 

Australia 6 years Managing tillage 
regime Row cash crops 

The effects of stubble burning and 
tillage on soil carbon sequestration 
and crop productivity in southeastern 
Australia 

Australia 19 years No-till Row cash crops 

The influence of alternative tillage 
systems on the distribution of 
nutrients and organic carbon in some 
common Western Australian wheatbelt 
soils 

Australia 9 years Reduced tillage Row cash crops 

The influence of land use and 
management on soil carbon levels for 
crop-pasture systems in Central New 
South Wales, Australia 

Australia 6.8 years Variable Mixed 

The potential for carbon sequestration 
in Australian agricultural soils is 
technically and economically limited 

Australia 20 years Conservation 
tillage Mixed 

The potential to increase soil carbon 
stocks through reduced tillage or 
organic material additions in England 
and Wales: A case study 

UK 23 years Managing tillage 
regime Row cash crops 

The use of carbon isotope ratios to 
evaluate legume contribution to soil 
enhancement in tropical pastures 

Columbia 43 years Variable Livestock 
agriculture 

Tillage and crop residue management 
affect Vertisol properties and grain 
sorghum growth over seven years in 
the semi-arid sub-tropics 

Australia 7 years No-till Specialty row 
crops 

Tillage and crop residue management 
methods had minor effects on the 
stock and stabilization of topsoil 
carbon in a 30-year field experiment 

Finland 30 years Reduced tillage Row cash crops 
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Table 10. Summary of studies included in the literature review 

Title Country Duration Practice change Cropping system 

Tillage and nitrogen effects on soil 
organic matter fractions in 
wheat-based systems. 

Texas 20 years No-till Row cash crops 

Tillage system affects phosphorus 
form and depth distribution in three 
contrasting Victorian soils 

Australia 8 years Managing tillage 
regime 

Specialty row 
crops 

Tillage, cropping systems, and 
nitrogen fertilizer source eff ects on 
soil carbon sequestration and 
fractions. 

Alabama 10 years No-till Row cash crops 

Transition from intensive tillage to 
no-till enhances carbon sequestration 
in microaggregates of surface soil in 
the north china plain 

China 6 years Managing tillage 
regime Row cash crops 

Vegetation and Soil Responses to 
Cattle Grazing Systems in the Texas 
Rolling Plains 

USA 20 years Grazing 
management 

Livestock 
agriculture 
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Figure 10. The distribution of cropping systems and practice changes 
assessed by studies in North America. The fill colors indicate the type of 
cropping system, while the outline colors differentiate the practice change 
assessed by the study. Source: Carbon Direct. 
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Figure 11. The distribution of cropping systems and practice 
changes assessed by studies in South America. The fill colors 
indicate the type of cropping system, while the outline colors 
differentiate the practice change assessed by the study. Source: 
Carbon Direct. 
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Figure 12. The distribution of cropping systems and practice 
changes assessed by studies in Europe. The fill colors indicate the 
type of cropping system, while the outline colors differentiate the 
practice change assessed by the study. Source: Carbon Direct. 
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Figure 13. The distribution of cropping systems and practice changes 
assessed by studies in Asia and Africa. The fill colors indicate the type 
of cropping system, while the outline colors differentiate the practice 
change assessed by the study. Source: Carbon Direct.  
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Figure 14. The distribution of cropping systems and practice 
changes assessed by studies in Oceania. The fill colors indicate the 
type of cropping system, while the outline colors differentiate the 
practice change assessed by the study. Source: Carbon Direct.  
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