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Using Decision Support to
Implement the 3Rs

• Web Soil Survey
• PNW Biochar Atlas
• Biochar Calculator
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Technical understanding of biochar has not resulted in 
increased adoption 

34,000+  studies



The right source
Feedstock origin and production conditions impact end use 
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BIOCHAR: feedstock origin & production 
conditions impact physiochemical properties

Difficult to predict how biochar will interact with soils and plants
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INCREASING PDXN TEMPERATURE

CAN WE 
MATCH 

BIOCHAR 
PROPERTIES 
WITH SOIL

& CROP
NEEDS?



USING BIOCHAR EFFECTIVELY 
REQUIRES IDENTIFYING 
MANAGEMENT GOALS

Identify Goals

Find product that meets needs

Find rate that meets needs
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Right Place
 

Decision
Support

Tools
Help

Farmers 
Put Biochar

In the 
Right 
Place 



HOW CAN 
FARMERS 
CHOOSE 
THE RIGHT 
BIOCHAR?

Web Soil Survey

1. 2.

3.

https://websoilsurvey.nrcs.usda.gov/app/
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WWW.PNWBIOCHAR.ORG • LEARN ABOUT 
BIOCHAR

• READ CASE STUDIES

• FIND PRODUCERS

• COMPARE BIOCHARS

• FIND A BIOCHAR THAT
MEETS YOUR NEEDS



BIOCHAR DECISIONS IN THREE STEPS
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Why
Should I 

apply 
Biochar?

SOIL
• Organic matter depletion
• Soil organism habitat loss or 

degradation
• Aggregate instability
• Compaction

PLANTS
• Plants receive inadequate nutrition during critical 

growth periods
• Plants fail to thrive due to poor soil condition

Resource Concern
“a condition of the soil, water, air, plant, animal or energy resource base 
that does not meet minimum acceptable standards established by NRCS, a 
condition that impairs the sustainability or intended used of the resource”



IBI Classification System
Biochar 

classification 
can inform 
right rate 
and right 

source

https://www.biochar-international.org/biochar-classification-tool/

Camps Arbestain M, J.E. Amonette, B. Singh, T. Wang, H-P. Schmidt. 2015. A Biochar Classification System and 
Associated Test Methods. In: Biochar for Environmental Management – Science and Technology, 2nd edition. J. 
Lehmann and S. Joseph (eds.). Routledge.

https://www.biochar-international.org/biochar-classification-tool/
http://www.biochar-international.org/projects/book


The IBI 
Classification 

system was the 
inspiration for 

our approach to 
carbon, fertility 

and pH 
management.

https://www.biochar-international.org/biochar-classification-tool/

Camps Arbestain M, J.E. Amonette, B. Singh, T. Wang, H-P. Schmidt. 2015. A Biochar Classification System and 
Associated Test Methods. In: Biochar for Environmental Management – Science and Technology, 2nd edition. J. 
Lehmann and S. Joseph (eds.). Routledge.

IBI Classification System

https://www.biochar-international.org/biochar-classification-tool/
http://www.biochar-international.org/projects/book




Sequester Carbon
Water retention
Water infiltration
Increase pH
Decrease pH
Increase nutrients
Increase Phosphorus
Increase Sulfur
Increase potassium
Increase calcium
Increase microbial activity
Reduce salts
Bind Heavy Metals

Forage and Seed Crops
Alfalfa (irrigated and 
dryland)
Crimson Clover
Field peas
Pasture Perennial Ryegrass
Tall Fescue 
Winter Wheat (east side)
Winter Wheat (west side)
Vetch
Berries(established)
Raspberries
Blueberries
Blackberries

Vegetables
Asparagus
Broccoli
Brussel sprouts
Cabbage
Carrots
Cauliflower
Cucumber
Green/Snap Beans
Lettuce
Melon
Onion
Peas (east/west side)
Potatoes
Radish
Squash
Sweet Corn
Beets





WWW.PNWBIOCHAR.ORG



WWW.PNWBIOCHAR.ORG Limitations of 
the Tool

• Map 
function

• Crops

• Success = yield

• Directory
• Biochar 

database



WWW.PNWBIOCHAR.ORG



Financial and Technical 
Assistance for Biochar 

Application 
Soil Carbon Amendment: Conservation Practice Standard 336

Offsets the financial cost of biochar, compost, or biochar:compost mixtures

Changes the value proposition of biochar from
 yield to conservation



Expansion 
of the 

Biochar Atlas

Expansion 
of the 

Biochar Atlas



Expanding the Biochar Atlas Database

Biochar Property Explorer Select a Biochar Find Biochar

Characterizing more biochar 
products

Increasing biochar product 
options that meet grower’s soil 

health goals

Adding biochar producers across 
the US so growers can order 

locally

pnwbiochar.org

https://www.pnwbiochar.org/


• Sample analysis is free
• Biochar product info and analysis 

results are added to the Biochar 
Atlas database 

• Analysis results are not 
applicable toward USDA or IBI 
certification

Contact Rachel Baschieri for details:
rachel.baschieri@usda.gov
(541)738-4168

Or visit 
https://www.pnwbiochar.org/home/sub
mit_sample/

Get included- Submit a sample to the Biochar 
Atlas!

mailto:rachel.baschieri@usda.gov
https://www.pnwbiochar.org/home/submit_sample/
https://www.pnwbiochar.org/home/submit_sample/


To improve agricultural yields and address resource concerns

Expansion 
of the 

Biochar Atlas

Expansion 
of the 

Biochar Atlas



But….I need information now!

3R Calculator

http://www.pnwbiochar.org/tool
s/tools_336

Fact sheets 
from USBI and 
USBI partnersFAQ



But….I need information now!

3R Calculator



Biochar 
Application 

Rate 
Calculator

• Excel-Based

• Determines 
compliance

• Determines 
carbon and 
nutrient 
outcomes

Account No:
11759
Batch:
MAY 22 D
CODE:
BioChar IBI

Matt Krumenauer
Restoration Fuels, LLC
60339 US 26
John Day, OR 97845

Date Received: 5/20/2022
Sample ID: RF BC 004
Lab ID. Number: 2050477-01

Dry Basis Unless Stated: Range Units Method
Moisture (time of analysis) 50.2 % wet wt. ASTM D1762-84 (105c)
Bulk Density 11.3 lb/cu ft
Organic Carbon 83.0 % of total dry mass Dry Combust-ASTM D 4373
Hydrogen/Carbon (H:C) 0.57 0.7 Max Molar Ratio H dry combustion/C(above)
Total Ash 2.4 % of total dry mass ASTM D-1762-84
Total Nitrogen 0.41 % of total dry mass Dry Combustion 
pH value 9.24 units 4.11USCC:dil. Rajkovich
Electrical Conductivity (EC20 w/w) 0.237 dS/m 4.10USCC:dil. Rajkovich
Liming (neut. Value as-CaCO3) 2.5 %CaCO3 AOAC 955.01  
Carbonates (as-CaCO3) 2.1 %CaCO3 ASTM D 4373
Butane Act. 2.5 g/100g dry ASTM D 5742-95
Surface Area Correlation 213 m2/g dry G
All units mg/kg dry unless stated: Range of Reporting Particle Size Distribution

Results Max. Levels Limit (ppm) Method Results Units Method
Arsenic (As) ND 13 to 100 0.44 J < 0.5mm 7.8 percent F
Cadmium (Cd) 0.19 1.4 to 39 0.18 J 0.5-1mm 5.6 percent F
Chromium (Cr) 4.6 93 to 1200 0.44 J 1-2mm 9.2 percent F
Cobalt (Co) ND 34 to 100 0.44 J 2-4mm 16.9 percent F
Copper (Cu) 9.6 143 to 6000 0.44 J 4-8mm 27.6 percent F
Lead (Pb) 0.46 121 to 300 0.18 J 8-16mm 26.2 percent F
Molybdenum (Mo) 0.60 5 to 75 0.44 J 16-25mm 6.5 percent F
Mercury (Hg) ND 1 to 17 0.001 EPA 7471 25-50mm 0.0 percent F
Nickel (Ni) 4.7 47 to 420 0.44 J >50mm 0.0 percent F
Selenium (Se) ND 2 to 200 0.88 J Basic Soil Enhancement Properties
Zinc (Zn) 35.6 416 to 7400 0.88 J Total (K) 3985 mg/kg E
Boron (B) 8.1 Declaration 4.4 TMECC Total (P) 460 mg/kg E
Chlorine (Cl) 118 Declaration 20.0 TMECC Ammonia (NH4-N) 7.1 mg/kg A
Sodium (Na) ND Declaration 440 E Nitrate (NO3-N) 3.0 mg/kg A
Iron (Fe) 1566 Declaration 22.0 E Organic (Org-N) 4048 mg/kg Calc.
Manganese (Mn) 233 Declaration 0.44 J Volatile Matter 22.2 percent dw D
* "ND" stands for "not detected" which means the result is below the reporting limit.

Method A Rayment & Higginson G  Butane Activity Surface Area Correlation Based on McLaughlin, Shields, Jagiello, 
D ASTM D1762-84 & Thiele's 2012 paper: Analytical Options for Biochar Adsorption and Surface Area
E EPA3050B/EPA 6010 J EPA3050B/EPA 6020
F ASTM D 2862 Granular

Analyst: Nik Zumberge

International BioChar Initiative (IBI) Laboratory Tests for Certification Program

Certificate of Analysis
Does it Meet Standard?
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Biochar 
Application 

Rate 
Calculator

What it can’t do:

• Choose Goals

• Compare or find 
biochars

• Does not 
integrate soil 
or crop 
needs

Account No:
11759
Batch:
MAY 22 D
CODE:
BioChar IBI

Matt Krumenauer
Restoration Fuels, LLC
60339 US 26
John Day, OR 97845

Date Received: 5/20/2022
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Lab ID. Number: 2050477-01
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Moisture (time of analysis) 50.2 % wet wt. ASTM D1762-84 (105c)
Bulk Density 11.3 lb/cu ft
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Butane Act. 2.5 g/100g dry ASTM D 5742-95
Surface Area Correlation 213 m2/g dry G
All units mg/kg dry unless stated: Range of Reporting Particle Size Distribution

Results Max. Levels Limit (ppm) Method Results Units Method
Arsenic (As) ND 13 to 100 0.44 J < 0.5mm 7.8 percent F
Cadmium (Cd) 0.19 1.4 to 39 0.18 J 0.5-1mm 5.6 percent F
Chromium (Cr) 4.6 93 to 1200 0.44 J 1-2mm 9.2 percent F
Cobalt (Co) ND 34 to 100 0.44 J 2-4mm 16.9 percent F
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Mercury (Hg) ND 1 to 17 0.001 EPA 7471 25-50mm 0.0 percent F
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Iron (Fe) 1566 Declaration 22.0 E Organic (Org-N) 4048 mg/kg Calc.
Manganese (Mn) 233 Declaration 0.44 J Volatile Matter 22.2 percent dw D
* "ND" stands for "not detected" which means the result is below the reporting limit.

Method A Rayment & Higginson G  Butane Activity Surface Area Correlation Based on McLaughlin, Shields, Jagiello, 
D ASTM D1762-84 & Thiele's 2012 paper: Analytical Options for Biochar Adsorption and Surface Area
E EPA3050B/EPA 6010 J EPA3050B/EPA 6020
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Analyst: Nik Zumberge

International BioChar Initiative (IBI) Laboratory Tests for Certification Program

Certificate of Analysis Does it Meet Standard?



The Gady Family invested in on-farm power

Photos Claire Phillips

Residues 
from seed 
cleaning mill

Seed screening biochar

Seed screening biochar



Spring Wheat, Washington

Goals: Increase pH, sequester C, increase water



Liming materials are needed in the Northern 
Palouse

Ammonia-based fertilizers acidify soils

Photo: Steve Griffith

Soil pH

Soil pH profile from a no-till field near Rockford, WA, 
adapted from Koenig et al. 2011
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Can biochar can be used to increase soil pH?

• Kentucky Bluegrass Seed 
Screening Biochar  (12 - 16% 
CaCO3-eq)
8 tons/acre

•  Hydrated lime (136% CaCO3-eq) 
1 ton/acre 

• Non-amended Control

Rototilled 0-10 cm depth

Photo: Steve Griffith



Biochar improved yield 2.88X!

p = 0.054

• Biochar increased 
yield by 2.88× 

• Lime increased 
yield by 1.88×

• Both amendments 
increased pH similarly

• Both decreased 
soluble aluminum, 
but lime did better 
than biochar 

With BC

Without BC



Biochar 
Application 

Rate 
Calculator

• Excel-Based

• Determines 
compliance

• Determines 
carbon and 
nutrient 
outcomes



ADDITIONAL TOOLS

• Manure management
• Stormwater management
• Carbon Markets
• Compost:biochar synergies
• Lab analysis Interpretation
• 336 carbon amendment

http://www.pnwbiochar.org/tools/tools_336 https://biochar-us.org/welcome-biochar-
learning-center



ONLINE RESOURCES
• FACTSHEETS

• TRAIN PRODUCERS, USERS, 
AND

 CONSERVATION PLANNERS

• CALCULATORS

• ONLINE LIBRARIES



Kristin.Trippe@USDA.gov


