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What is biochar?

Charcoal created from the 
thermochemical conversion of 
biomass at high temperature in 
the absence of oxygen

Biochar varies by:
• Production temperature
• Production method
• Feedstock



What can biochar do?

• Close waste loops

• Generate renewable energy

• Sequester carbon

• Retain soil nutrients and water

Novotny 2015



What does biochar do?

“Biochar boosts tropical 
but not temperate crop 
yields”

“Is current biochar
research addressing 
global soil constraints for 
sustainable agriculture?”

Zhang 2016, Jeffrey 2017



Gaps in literature

Of the 798 published studies 
as of August 2015:

●Only 25% conducted in field 

●56% of field studies for < 1 
year. Only 16% 2+ years 

●Over 50% field plots < 20 m2

Zhang 2016



Project Overview

●Funded by the Fertilizer Research 
and Education Program (FREP)

●Multi-year, multi-scale project

●Field sites at UC Davis Campbell 
Tract and Kearney ARE Center in 
Parlier



Objectives

1. Produce and 
characterize biochars

2. Evaluate biochar    
impact on plant and soil 
properties

3. Evaluate application 
rates most likely to lead to
beneficial outcomes

4. Conduct a life cycle 
analysis



Timeline

Proposed Timeline
Year

1 2 3

Phase I: Produce and characterize biochar ✓ ✓

Phase II. Growth chamber and laboratory trials ✓ ✓ ✓ ✓ ✓

Phase III. Field trials in Yolo and Fresno Counties ✓ ✓ ✓ ✓ ✓

Phase IV. Life cycle analysis of biochar use in CA. ✓ ✓ ✓



Phase 1: 
Char Production Complete

Final products:

Seven biochars
of diverse 
pyrolysis 
temperatures, 
production 
methods, and 
(mostly) CA 
feedstocks 



Biochar Characterization Data
Treatment ID Production temp (°C) Feedstock Production method

NO (control) NA NA NA

AS Unpyrolyzed Almond shell NA

AS500 400-500 75% Almond shell, 25% Sawdust 
(Assorted softwood)

Fractional Hydro 
Pyrolysis

AS800 700-800 Almond shell Gasification

SW500 400-500 Sawdust (Assorted softwood) Fractional Hydro 
Pyrolysis

SW500- I 400-500 Sawdust (Assorted softwood)
w/ inoculant

Fractional Hydro 
Pyrolysis

SW650- M 550-650 Pine (modified) Slow pyrolysis

SW800 800 Softwood forestry thinning Mixed

CS650 550-650 Coconut shell (modified) Slow pyrolysis



Treatment ID
Moisture 

Content (%) 
Volatile 

Content (%) 
Ash Content (%) pH EC (mS/cm)

NO - - - - -
AS - - - - -

AS500 4.0 + .05 30.7 + 2.18 19.0 + .81 9.3 + .02 3.2  + .01

AS800 11.5 + .23 28.2 + .50 55.4 + .76 10.1 + .01 27.2 + .10

SW500 4.1 + .10 38.0 + .86 4.5 + .06 7.8 + .02 2.5 + .02

SW500-I 4.1 + .08 38.8 + 1.21 9.2 + .53 10.4 + .01 2.1 + .02

SW650-M 4.1 + .02 26.9 + .29 4.5 + .29 8.0 + .03 .124 + .002

SW800 5.5 + .07 21.7 + .17 31.5 + 1.2 10.3 + .01 2.7 + .05

CS650 .7 + .02 31.8 + .36 5.3 + .15 7.8 + .01 .278 + .004
All values reported as mean ± SE 
(n=3)

Biochar Characterization Data



Phase 2:
Growth Chamber Trials

• Biochars and controls amended to soil at 2% (w/w) in 4 reps

• Romaine lettuce in Hanford sandy loam

• Pots fertilized with synthetic NPK and irrigated to 50% of water 
holding capacity until harvest



Growth Chamber Trial Results

NO        AS     CS650   SW650  AS500  SW500 SW500-I SW800 AS800

Results:

• Softwood- and 
coconut- derived 
biochars supported 
significantly greater 
crop yield, N uptake, 
and lower C:N ratios 
than controls

• AS800 prevented 
seed germination 
and transplant 
growth , likely due to
high EC/ pH
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All values reported as mean ± SE (n=4)



Phase 2: Sorption Trials

• Preliminary sorption experiments indicate no 
electrostatic affinity between nitrate and biochars

• Ammonium-biochar sorption has been observed 
at low rates and is pH-depedent



Phase 2: Column Studies
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Results:
• Supports no apparent 

chemical affinity between 
nitrate and biochar

• Perhaps a physical delay 
in nitrate movement?

• More studies to follow!



Phase 3: Field Trials
Experimental Questions

Does biochar use in CA soils:
1. Reduce N leaching?
2. Increase uptake of N or other 

crop nutrients?
3. Have an impact on yield?
4. Alter nutrient dynamics in plant 

and/or soil?
5. Alter C dynamics?
6. Impact microbial biomass?
7. Migrate great distances through the soil due to tillage? 
8. Impact soil aggregation?
9. Impact soil-water dynamics?



Field Trial Overview

• Treatments banded directly 
above the drip tape at low and 
high rates, to be combined 
with low and high N fertilizer 
rates

• Fields planted with tomatoes 
in early May

• Sampling taken at 3 depths

• Biochar installed in Parlier 
and Davis in Winter 2017 



Field Trials: 
Experimental Design

RCBD with three replicates per treatment
Biochar 
application rate

Low (~.25 lbs per linear foot)

High (~.5 lbs per linear foot)

Tiny* (.01 lbs per linear foot) 
*SW650-M and CS650 only

Fertilizer rate Low- 150 lbs N/ acre

High- 225 lbs N/ acre



Phase 4:
Life cycle analysis

“Biochar may at present only deliver climate 
change mitigation benefits and be financially 
viable as a distributed system using waste 
biomass.”



Future Directions for Year 2

• Analyze all samples from field trials

• Complete physical and chemical 
biochar characterization

• Repeat growth chamber trials with 
50% sand to analyze nitrate 
leaching

• Process micro-CT images to 
analyze physical properties of 
biochar-amended soils


