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8 National CIG’s
10 State CIG’s
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Schmidt, H.-P., C. Kammann, N. Hagemann, J. Leifeld, T.D. Bucheli, et al. 2021. Biochar in agriculture – A systematic review of 26 
global meta-analyses. GCB Bioenergy 13(11): 1708–1730. doi: 10.1111/gcbb.12889.

Biochar Impact on Plant Growth & Yield
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Xiang, Yangzhou, Qi Deng, Honglang Duan, and Ying Guo. “Effects of Biochar Application on Root Traits: A Meta-Analysis.” 
GCB Bioenergy 9, no. 10 (October 1, 2017): 1563–72. https://doi.org/10.1111/gcbb.12449.
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Soil Carbon Amendment Practice Standard

• Application of C-based Amendments
 Biochar
 Compost 

• Interim Practice (808) 
 Created in 2018
 Evaluation & Refinement

• Transitioned to National Practice (336) 
 Nov 2023 Release
 States can use either for a 1-year period
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State Adoption of Soil Carbon Amendment

HI/PIA PR/USVI

Adopted

Newly Adopted

Status in May 2023

FY24
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Scenario Name Narrative Rate* Unit

100% Biochar Apply 100% biochar… $200 Cubic Yards (per 
Acre)

80% Biochar-20% Compost Apply a blend of a >= 80% biochar and <= 20% 
compost (by volume)…

$170 Cubic Yards (per 
Acre)

60% Biochar-40% Compost Apply a blend of a >= 60% biochar and <= 40% 
compost (by volume)…

$150 Cubic Yards (per 
Acre)

40% Biochar-60% Compost Apply a blend of a >= 40% biochar and <= 60% 
compost (by volume)…

$130 Cubic Yards (per 
Acre)

20% Biochar-80% Compost Apply a blend of a >= 20% biochar and <= 80% 
compost (by volume)…

$105 Cubic Yards (per 
Acre)

Compost & Biochar Blend
Small Areas

Apply a blend of a >= 50% biochar and <= 50% 
compost (by volume)…

$13 Cubic Feet (per 
1000 ft2)

….to sequester carbon, reduce nitrogen losses, and improve other soil health-related resource concerns.  
Biochar has been tested and is imported from an outside source. Biochar is applied at the recommended rate 
to treat the identified resource concerns
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Dynamic Soil Properties Response 
to Biochar Application

Soil/Site Property
pH 
CEC 

Organic Matter
Slope 

Flooding
Ponding

Bulk Density 
Ksat (Saturated Hydrologic Conductivity)

AWC (Available Water Capacity)
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Dynamic Soil Properties Response to Biochar Application
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Biochar Impact on Nutrients

Schmidt, H.-P., C. Kammann, N. Hagemann, J. Leifeld, T.D. Bucheli, et al. 2021. Biochar in agriculture – A systematic review of 
26 global meta-analyses. GCB Bioenergy 13(11): 1708–1730. doi: 10.1111/gcbb.12889.



• Biochar Reduces Short-Term Nitrate Leaching from A Horizon in an Apple 
Orchard

• Biochar Reduced Nitrate Leaching and Improved Soil Moisture Content without 
Yield Improvements in a Four-Year Field Study

• Over 20 studies revealed a 15-69% delay in N release and 25-65% 
improvement in fertilizer use efficiency

• Biochar coated urea increased N use efficiency for oilseed rape by 20%
• A 15N study with biochar made from sewage sludge found that N use efficiency 

from both soil N and fertilizer N was higher in biochar treated soils compared 
to control

Biochar and N Utilization

• Ventura, Maurizio, Giovambattista Sorrenti, Pietro Panzacchi, E. George, and Giustino Tonon. “Biochar Reduces Short-Term Nitrate Leaching from a Horizon in an Apple Orchard.” Journal of Environmental Quality 42 1 (n.d.): 76–82.
• Haider, Ghulam, Diedrich Steffens, Gerald Moser, Christoph Müller, and Claudia I. Kammann. “Biochar Reduced Nitrate Leaching and Improved Soil Moisture Content without Yield Improvements in a Four-Year Field Study.” Agriculture, 

Ecosystems & Environment 237 (January 2017): 80–94. https://doi.org/10.1016/j.agee.2016.12.019.
• Gao, Yurong, Zheng Fang, Lukas Van Zwieten, Nanthi Bolan, Da Dong, Bert F. Quin, Jun Meng, et al. “A Critical Review of Biochar-Based Nitrogen Fertilizers and Their Effects on Crop Production and the Environment.” Biochar 4, no. 1 (June 

13, 2022): 36. https://doi.org/10.1007/s42773-022-00160-3.
• Jia, Yiman, Zhengyi Hu, Yuxin Ba, and Wenfang Qi. “Application of Biochar-Coated Urea Controlled Loss of Fertilizer Nitrogen and Increased Nitrogen Use Efficiency.” Chemical and Biological Technologies in Agriculture 8, no. 1 (January 8, 

2021): 3. https://doi.org/10.1186/s40538-020-00205-4.
• Figueiredo, Cícero Célio de, Éllen Griza Wickert, Helen Cristina Vieira Neves, Thais Rodrigues Coser, and Jorge Paz-Ferreiro. “Sewage Sludge Biochar Increases Nitrogen Fertilizer Recovery: Evidence from a 15 N Tracer Field Study.” Soil Use 

and Management 37, no. 4 (October 2021): 689–97. https://doi.org/10.1111/sum.12672.
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National Water Quality Initiative
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+BIOCHAR = Higher Level of 
Conservation
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Key Biochar-Coupled WQ Practices

• Vegetative
 Conservation Cover, Cover Crop, Tree/Shrub Establishment
 Field Border, Grassed Waterway, Filter Strip, Critical Area Planting
 Riparian Herbaceous Cover or Forest Buffer

• Structural
 Composting Facility
 Denitrifying Bioreactor
 Waste Gasification System

• Highlight Practice
 Amendments for Treatment of Agricultural Waste



Vegetative:  How to Make it Work
• 336 as an Associated Practice

• Planned with Core Practices
• Needs WQ Purpose?



Vegetative:  How to Make it Work

• Biochar as a Component
 New payments for WQ practices to 

include biochar

https://www.nrcs.usda.gov/getting-assistance/payment-schedules
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Structural:  How to Make it Work

• Compost Facility
 Size facility to include biochar in co-composting
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Structural:  How to Make it Work

• Denitrifying Bioreactor
 Include biochar as a component

• Spread charged biochar on fields
• Better than woodchips
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Highlight Practice: Trapping N at the Source
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Wang, Quan, Mukesh Kumar Awasthi, Xiuna Ren, Junchao Zhao, Ronghua Li, Zhen Wang, Hongyu Chen, Meijing Wang, and Zengqiang Zhang. 
“Comparison of Biochar, Zeolite and Their Mixture Amendment for Aiding Organic Matter Transformation and Nitrogen Conservation during Pig 
Manure Composting.” Bioresource Technology 245 (December 2017): 300–308. https://doi.org/10.1016/j.biortech.2017.08.158.

Zeolite is mined

Biochar is made from renewable resources
Biochar is carbon-negative
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Where a Program that Offers 
Environmental Incentives 

Should Focus

Conservation Technology Adoption Curve

When Incentives Are Easy to Plan

Where the Biochar Industry Is

adapted from helloiota.com
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Courtesy: S. Parikh, UC, Davis

Thank You

Brandon.Smith@AlliedSoilHealth.com



When Incentivization is Needed

Technology Adoption Curve

adapted from helloiota.com

Solar Panels
Electric Vehicles
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Biochar 

• Highly porous (sponge), charged, stable 
carbon (recalcitrant)

• Majority of biochar carbon persists >1000 
years in soil

• Smaller fractions last 50 to 100 years
Courtesy: S. Parikh, UC, Davis

Pyrolysis:  thermochemical 
decomposition of biomass at 
high temps >350°C  in limited 

oxygen environment
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Outline

Liu, L., Deng, G. & Shi, X. Adsorption characteristics and mechanism of p-nitrophenol by pine sawdust biochar samples produced at different 
pyrolysis temperatures. Sci Rep 10, 5149 (2020). https://doi.org/10.1038/s41598-020-62059-.  Creative Commons 4.0
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Manure Odor and Emissions
• Pilot-Scale H2S and Swine Odor Removal System Using Commercially Available Biochar, AGRONOMY-BASEL, 

2021
• Mitigation of Acute Hydrogen Sulfide and Ammonia Emissions from Swine Manure during Three-Hour 

Agitation Using Pelletized Biochar, ATMOSPHERE, 2021
• Impact of biochar application on gas emissions from liquid pig manure storage, SCIENCE OF THE TOTAL 

ENVIRONMENT, 2021
• Mitigation of Acute Ammonia Emissions With Biochar During Swine Manure Agitation Before Pump-Out: 

Proof-of-the-Concept, FRONTIERS IN ENVIRONMENTAL SCIENCE, 2021
• Mitigation of Gaseous Emissions from Stored Swine Manure with Biochar: Effect of Dose and Reapplication on 

a Pilot-Scale, ATMOSPHERE, 2021
• Methane production and characteristics of the microbial community in the co-digestion of potato pulp waste 

and dairy manure amended with biochar, RENEWABLE ENERGY, 2021
• Mitigation of Gaseous Emissions from Swine Manure with the Surficial Application of Biochars, ATMOSPHERE, 

2020
• Effect of Biochar Diet Supplementation on Chicken Broilers Performance, NH(3)and Odor Emissions and Meat 

Consumer Acceptance, ANIMALS, 2020
• The Proof-of-the Concept of Biochar Floating Cover Influence on Swine Manure pH: Implications for Mitigation 

of Gaseous Emissions From Area Sources, FRONTIERS IN CHEMISTRY, 2020
• Methane emissions and associated microbial activities from paddy salt-affected soil as influenced by biochar 

and cow manure addition, APPLIED SOIL ECOLOGY, 2020
• The Impact of Surficial Biochar Treatment on Acute H2S Emissions during Swine Manure Agitation before 

Pump-Out: Proof-of-the-Concept, CATALYSTS, 2020
• Use of biochar for the sorption of volatile organic compounds (VOCs) emitted from cattle manure, 

ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH
• Effects of microbial culture and chicken manure biochar on compost maturity and greenhouse gas emissions 

during chicken manure composting, JOURNAL OF HAZARDOUS MATERIALS, 2020
• Response of bamboo biochar amendment on volatile fatty acids accumulation reduction and humification 

during chicken manure composting, BIORESOURCE TECHNOLOGY, 2019
• Efficacy of Different Biochars in Removing Odorous Volatile Organic Compounds (VOCs) Emitted from Swine 

Manure, ACS SUSTAINABLE CHEMISTRY & ENGINEERING, 2018
• Effect of different particle-size biochar on methane emissions during pig manure/wheat straw aerobic 

composting: Insights into pore characterization and microbial mechanisms, BIORESOURCE TECHNOLOGY, 2018
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Application Methods

Fennigequipment.com

David Laird

Drill or Planter?

Dry Fertilizer – 2x2?

Lime Spreader or Chicken Litter Spreader?

Surface Apply or Disc In?

In Slurry?


