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Increase C 
sequestration

Increase soil nutrient 
and water retention

Alternative waste 
management

Mitigate GHG 
emissions

Oomori et al., 2016, Feng et al., 2012, Liu et al., 2011, Yuan et al., 2018, He, et al., 2017, Qi et al., 2018, Koyama et al., 2016

Benefits of biochar



Partial combustion product of plant 
matter

Biochar physical and chemical 
composition varies depending on 
pyrolysis conditions

Xiao et al, 2018

Schmidt and Noack 2000

What is biochar?
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What we want to know…
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Biochar co-composting 

Purpose:
Can biochar reduce methane emissions 
in dairy manure composting?
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Biochar co-compost amendment 

Purpose:
How does biochar influence 
emissions and nutrient 
retentions?
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Biochar co-compost amendment Biochar co-composting 

Field Experiments
• To answer our broader 

questions 



Our studies 

Biochar co-composting  Purpose
How does biochar type and 
application rate influence  
methane emissions in dairy 
manure composting?
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Biochar co-compost amendment 

Purpose
How does biochar co-compost influence 
plant biomass and how does it compare 
to synthetic fertilizer?
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Biochar co-composting  Biochar co-compost amendment 

Lab/Greenhouse Scale 
Experiments
• To answer more 

questions at a feasible 
scale 
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& Roughness

Dissolved Organic C

Hydrophobicity

pH, EC, & CEC

Functional Groups

Almond Shell Biochar 

Almond Tree Pruning Biochar
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Harrison, B. P., et al. (2022) Environ. 
Sci. Technol. 56, 15, 10987-10996

Biochar Co-composting



Biochar Co-composting

Biochar reduced methane emissions by 84%!

Harrison, B. P., et al. (2022) Environ. 
Sci. Technol. 56, 15, 10987-10996



Our studies 



Biochar application to soil

Gao, S., et al. (2023) GCB Bioenergy 15:462–477
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Biochar application to soil

Gao, S., et al. (2023) GCB Bioenergy 15:462–477

We applied amendments for winter wheat season
• Main crop is tomatoes

Four Treatments 
• Rogue Biochar (~900°C)
• Biochar co-compost
• Dairy manure compost
• Control (no amendment)
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Biochar application to soil



Biochar decreases nutrient loss!

Gao, S., et al. (2023) GCB Bioenergy 15:462–477
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• Composted dairy manure with biochar derived from almond 
shell, walnut shell, and almond orchard clippings

• Low and high application (5% and 20% dry weight)

Harrison, B., et al. (2023) GCB Energy 16(1):13121

Lab-Scale Composting 
Experiment
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Biochar co-compost at lower application rate  

(5% dry weight) had lower methane emissions!

Harrison, B., et al. (2023) GCB Energy 16(1):13121

Lab-Scale Composting Experiment



Harrison, B., et al. (2023) GCB Energy 16(1):13121

Lab-Scale Composting Experiment

Emissions are driven by biochar 
application rate and aggregate formation
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• Used field soil from Madera, CA

• Treatments

• Unamended (control)

• Compost

• Fertilizer 

• Fertilizer + Biochar co-compost

• Biochar co-compost

•  Plants

• Barley 

• Cherry Tomatoes 
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Biochar co-compost has higher biomass

Controls

Unamended

Fertilizer

Compost

Compost and Fertilizer
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Biochar co-compost has higher biomass

Biochar 20% of manure compost dry weight

Almond tree pruning biochar

Almond Shell biochar



Biochar co-compost has higher biomass

Biochar 5% of manure compost dry 
weight with Fertilizer



Biochar co-compost has higher biomass
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• The impacts are less clear on short-term growing seasons

• Almond-shell 5% dry weight (dw) biochar co-compost overall 
had higher biomass yields and tomato maturity

• Biochar co-compost could be an alternative organic rich 
amendment compared to synthetic fertilizer and still contribute 
to below-ground C sequestration

• The 20% dw biochar may show the cap to the amount of 
biochar needed in compost for benefits

Greenhouse Experiment
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Study Conclusions
Biochar reduces GHG 
emissions in dairy manure 
composting

Low application of 
biochar reduces GHGE in 
diary manure composting

Biochar co-compost can reduce 
nutrient loss in soil

Biochar co-compost can be 
an alternative amendment 
to synthetic fertilizer





Mgonzales36@ucmerced.edu
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Questions?
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Biochar Co-composting 

Applied Rogue Biochar (~900°C)

Manure Composting Components:
• Dairy Manure (3.37 t dry wt)
• Orchard clipping residues (1.2 t dry 

wt)
• Biochar (0.91 t dry wt) (~6-8%)

Harrison, B. P., et al. (2022) Environ. 
Sci. Technol. 56, 15, 10987-10996



Biochar application to soil

Gao, S., et al. (2023) GCB Bioenergy 15:462–477

Organic amendments were applied at equivalent 
C rates (8 Mg C ha−1) dry weight basis

• compost applied = 20 Mg ha−1 
• biochar applied at 10 Mg ha−1
• biochar manure co-compost applied at 

17.5 Mg ha−1



Greenhouse Experiment
• Used field soil from Madera, CA

• Treatments

• Unamended (control)

• Compost

• Fertilizer 

• Fertilizer + Biochar co-compost

• Biochar co-compost

•  Plants

• Barley 

• treatments applied based on 17 N kg/ha

• Cherry Tomatoes 

• treatments applied based on 55 N kg/ha
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