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Outline
• Soil carbon loss is a huge problem.
• The most resilient soils have natural biochar. Does that

mean we should add lots of biochar to soils?
• Essence of Biochar - The electric carbon sponge
• Soil as a cheese or ferment
• Comparing tropical soils to compost
• Biochar impact on compost processes
• Moisture, aeration
• Nitrogen retention
• Humus formation

• Biochar compost impact on plants
• Biochar compost recipes
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Soil Carbon Loss
• Nitrogen fertilizers combined with tillage accelerate

microbial respiration, burning up soil carbon faster than it
is replaced.
• Due to the loss of organic carbon reservoirs, many soils
have become nearly lifeless substrates that must be
continually fed with irrigation water, mineral nutrients and
pesticides to produce a crop.
• Soil scientist Rattan Lal estimated in 2010 that “Most
agricultural soils have lost 25% to 75% of their original soil
organic carbon (SOC) pool.”
•

Rattan, L. (2010). Depletion and Restoration of Carbon in the Pedosphere. Pedologist, 19(32), 19–32.
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The most resilient soils have natural
biochar
• Nature makes megatons of biochar in the process of

naturally occurring wildfires in forests and grasslands.
• This kind of natural charcoal is present in some of the
most valuable agricultural soils in the world: the carbonrich Chernozems of the Russian steppe and the Mollisols
of the US Midwestern prairie states.
• Recently , scientists have looked more closely at the
Mollisols, and found that they contain charcoal that is
“structurally comparable to char in the Terra Preta soils
and much more abundant than previously thought (40–
50% of organic C).”
• Mao, J. D., Johnson, R. L., Lehmann, J., Olk, D. C., Neves, E. G., Thompson, M. L., &

Schmidt-Rohr, K. (2012). Abundant and Stable Char Residues in Soils: Implications for
Soil Fertility and Carbon Sequestration. Environmental Science & Technology, 46(17),
9571–9576. doi:10.1021/es301107c
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Does that mean we should add biochar to
soils to replace soil carbon?
• Probably, yes, but what does it do to other forms of soil

carbon?
• Carbon comes in many forms:
• Inorganic carbon (limestone, dolomite)
• Labile organic carbon (compost)
• Stable organic carbon (charcoal, humus)

• How would massive amounts of biochar impact other

forms of soil carbon?
• Put biochar in compost to find the answer!
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What is the essence of biochar?
• Biochar starts out as organic and becomes more mineral-

like with heating. This mineral transformation creates the
skeletal structure that looks like a carbon sponge.
• Biochar has both stable and labile carbon in it.
• Labilie carbon is largely from recondensed vapors but can
also be from incompletely carbonized char made at low
temperature.

Biomass to Biochar – creating a stable
carbon skeleton
Carbon
Atoms

Molecular
scale
Cellulose

Lignin

Cellular
scale

Wilson Biochar Associates

9

At the nano-scale: An Electric Carbon
Sponge
• Eight allotropes of carbon: a) Diamond,

b) Graphite, c) Lonsdaleite, d) C60
(Buckminsterfullerene or buckyball), e)
C540, f) C70, g) Amorphous carbon, and
h) single-walled carbon nanotube or
buckytube.
• en.wikipedia.org—
Allotropes_of_carbon

Fused carbon rings form a unique kind of bond with each other that allows
electrons to move around the molecule producing electrical properties like
those that are found in engineered carbon materials such as graphene sheets
and carbon nanotubes.
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Benzene Dreams
• August Kekule dreamed of a self-devouring snake while he was trying to
determine the structure of benzene.
• Aromatic carbon has pi-bonds. Since they are out of the plane of the atoms,
the orbitals can interact with each other freely, and become delocalized. This
means that instead of being tied to one atom of carbon, each electron is
shared by all six in the ring. Thus, there are not enough electrons to form
double bonds on all the carbon atoms, but the "extra" electrons strengthen
all of the bonds on the ring equally.
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Adsorption is not just about porosity, it is
about electro-chemically active surfaces
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Biochemical Redox Reactions
• In soils, microorganisms use aromatic carbon both as an

electron donor and as an electron acceptor during
metabolic chemical reactions.
• Biochar seems to not only serve as an electron buffer for
redox reactions, but it also helps bacteria swap electrons
among themselves, improving their metabolic efficiency
as a microbial community.
• Lovley, D.R., Coates, J.D., Blunt-Harris, E.L., Phillips, E.J., Woodward, J.C., 1996. Humic substances

as electron acceptors for microbial respiration. Nature 382, 445-448.
• Kappler, A., Wuestner, M. L., Ruecker, A., Harter, J., Halama, M., & Behrens, S. (2014). Biochar as an
Electron Shuttle between Bacteria and Fe(III) Minerals. Environmental Science & Technology Letters,
1(8), 339–344. doi:10.1021/ez5002209
• Chen, S., Rotaru, A. E., Shrestha, P. M., Malvankar, N. S., & Liu, F. (2014). Promoting Interspecies
Electron Transfer with Biochar. Scientific Reports.
• Klüpfel, L., Keiluweit, M., Kleber, M., & Sander, M. (2014). Redox Properties of Plant Biomass-Derived
Black Carbon (Biochar). Environmental Science & Technology, 48(10), 140505153602003. doi:10.1021/
es500906d
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Soil as a Well-Aged Cheese
• The electric carbon sponge is one ingredient in the

mineral and organic stew that makes up soil.
• It is thought that the ingredients of Terra Preta included
charcoal, ash, food scraps and human excrements, but
how they actually combined to form Terra Preta is
unknown.
• Explaining the formation of the Terra Preta is like
determining the recipe for a fine Camembert cheese. You
can analyze all the ingredients and still have not the
faintest idea how to make one if you don’t learn it from the
artisans.
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Biochar as the base of soil humus
• Biochar, whether naturally created or man-made, may be the base of

many humic materials found in soils. Very little humus naturally forms
in tropical soils, where high temperatures and moisture accelerate
microbial decomposition, yet Terra Preta soils have a high content of
humus.
• To understand why, Liang et al. (2010) added new organic matter to
both a Terra Preta soil and an adjacent, poor natural soil. They found
that more of the organic matter was retained as stable humus in the
Terra Preta soil.
• A combination of factors may lead to this result. Biochar surfaces
adsorb carbon and retain it in compounds with minerals, supporting at
the same time a large microbial community that makes more efficient
use of organic debris containing carbon and other nutrients
• Hayes, M. H. B. (2013). Relationships Between Biochar and Soil Humic Substances. In Functions of

Natural Organic Matter in Changing Environment (pp. 959-963). Springer Netherlands.
• Liang, B., Lehmann, J., Sohi, S. P., Thies, J. E., O’Neill, B., Trujillo, L., et al. (2010). Black carbon affects
the cycling of non-black carbon in soil. Organic Geochemistry, 41(2), 206–213.
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Biochar and compost
• If tropical soils need biochar to make humus, what about

compost? Well balanced compost, with the optimum C:N
ratio, will contain lots of humus.
• However, if there is not enough stable carbon (from wood,
straw or other lignin sources), then the easily degradable
sugars, fats and proteins will be completely consumed by
microbes leaving very little substrate behind.
• This is what happens in tropical soils where heat,
moisture and high microbial activity will decompose a
fallen leaf nearly as soon as it hits the ground, allowing
very little soil to form.
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What is Compost
• Compost is defined as a bio-oxidative process that

mineralizes organic matter leading to a stabilized final
product containing humic substances (complex organic
molecules) that is free of pathogens and toxics (Bernal et
al, 2009).
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Compost vs Biochar
If you look at a list of things biochar is supposed to do in soil, you'll find
it is very similar to lists you see for compost. Both biochar and compost
are said to provide these benefits, taken from various claims made by
biochar and compost manufacturers:
• Improves tilth and reduces soil bulk density
• Increases soil water holding capacity
• Becomes more stable by combining with clay minerals
• Increases cation exchange capacity (CEC - the ability to hold onto and transfer
•
•
•
•
•
•

nutrient cations: ammonium, calcium, magnesium, and potassium)
Improves fertilizer utilization, by reducing leaching from the root zone
Retains minerals in plant available form
Supports soil microbial life and biodiversity
Helps plants resist diseases and pathogens
Helps plants grow better in high salt situations
Adds humus carbon to the soil carbon pool, reducing the atmospheric carbon
pool
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If compost really can do all these things,
why do we need biochar?
• First, unlike biochar, compost is quickly broken down. In a

hot climate like California’s Central Valley, at least two
applications a year are needed to maintain enough soil
organic matter to make a difference in water holding
capacity. There is simply not enough compost available to
support such large application rates.
• Second, biochar has important synergistic effects when

added to compost. Biochar is proving to make faster,
more nutrient rich, more biologically diverse and more
humified, stable compost.
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Biochar keeps compost moist and
aerated, promoting microbial activity
• Some of the parameters that most affect compost are:

aeration, moisture content, temperature, bulk density, pH,
electron buffering and the sorptive capacity of bulking
agents.
• Steiner et al (2011) tested 5% and 20% additions of pine
chip biochar to poultry litter compost, and found that the
addition of 20% biochar caused microbial respiration
(measured as CO2 emissions) to peak earlier and at a
higher level than either the 5% or 0% biochar treatments.
•

Steiner, C., Melear, N., Harris, K., & Das, K. C. (2011). Biochar as bulking agent for poultry litter composting.
Carbon Management, 2(3), 227–230. doi:10.4155/cmt.11.15
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Losing N: Ammonium to Ammonia
• Ammonium (NH4+) is the aqueous ion of ammonia. Ammonium

is generated by microbial processes and nutrient cascades that
convert nitrogen from organic forms found mainly in proteins
and nucleic acids into mineral forms (ammonium, nitrate and
nitrite)
• These are converted by nitrifying and denitrifying microbes to
gaseous emissions that include volatile ammonia gas (NH3),
nitrogen gas (N2), nitrous oxide (N2O) and other reactive
nitrogen gases (amines and indoles).
• At neutral pH, the aqueous ammonium (NH4+) and the
gaseous ammonia (NH3) are in equilibrium. Higher pH forces
more of the aqueous ammonium into the gas phase that can
escape to the atmosphere.
• Steiner, C., Glaser, B., Teixeira, W. G., Lehmann, J., Blum, W. E. H., & Zech, W. (2008). Nitrogen

Retention and Plant Uptake on a Highly Weathered Central Amazonian Ferralsol Amended with
Compost and Charcoal. Journal of Plant Nutrition and Soil Science, 171, 893–899.
• Clough, T. J., Condron, L. M., Kammann, C., & Müller, C. (2013). A Review of Biochar and Soil Nitrogen
Dynamics. Agronomy, 3(2), 275–293. doi:10.3390/agronomy3020275
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Biochar increases nitrogen retention
• Several studies have confirmed that biochar in compost could

increase total nitrogen retention by as much as 65%.

• The ammonia retention ability of biochar can also improve with composting.

Adding 9% bamboo charcoal to sewage sludge compost, Hua et al (2009)
tested sorption of ammonia on biochar during composting and found that while
ammonia retention was correlated with saturation of binding sites in fresh
bamboo biochar, this did not hold for composted bamboo biochar.
• They found that biochar increased its ability to retain ammonia during the
composting process where the biochar is subjected to an accelerated aging
process. That means that biochar surfaces get oxidized and enriched by
carboxylic (acid) functional groups
•
•

•
•

Steiner, C., Das, K. C., Melear, N., & Lakly, D. (2010). Reducing Nitrogen Loss during Poultry Litter Composting Using
Biochar. Journal of Environmental Quality, 39, 1–7. doi:10.2134/jeq2009.0337
Chen, Y.-X., Huang, X.-D., Han, Z.-Y., Huang, X., Hu, B., Shi, D.-Z., & Wu, W.-X. (2010). Effects of bamboo charcoal and
bamboo vinegar on nitrogen conservation and heavy metals immobility during pig manure composting. Chemosphere,
78(9), 1177–1181. doi:10.1016/j.chemosphere.2009.12.029
Huang, X. D., & Xue, D. (2014). Effects of bamboo biochar addition on temperature rising, dehydration and nitrogen loss
during pig manure composting. The Journal of Applied Ecology, 25(4), 1057–1062.
Hua, L., Wu, W., Liu, Y., McBride, M. B., & Chen, Y. (2009). Reduction of nitrogen loss and Cu and Zn mobility during
sludge composting with bamboo charcoal amendment. Environmental Science and Pollution Research, 16(1), 1–9.
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Biochar improves compost humus content
• Several studies have looked at effects of biochar on the

timing and results of compost maturation and found that
adding biochar to compost reduced the amount of
dissolved organic carbon (labile carbon) in mature
compost while increasing the fraction of stable humic
materials (stable carbon).
• Another study by Zhang et al (2013) found that sewage
sludge composted with wood biochar had up to 30% more
humic substances than the control.
•

•

Jindo, K., Suto, K., Matsumoto, K., García, C., Sonoki, T., & Sánchez-Monedero, M. Á. (2012). Chemical and biochemical
characterisation of biochar-blended composts prepared from poultry manure. Bioresource Technology, 110, 396–404. doi:
10.1016/j.biortech.2012.01.120
Zhang, J., Lü, F., Shao, L., & He, P. (2014). The use of biochar-amended composting to improve the humification and
degradation of sewage sludge. Bioresource Technology, 1–7. doi:10.1016/j.biortech.2014.02.080
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Biochar compost improves plant growth
• A 2013 study in Germany looked at biochar composted

together with other materials. They tested six different
amounts of biochar in the compost, from 0 to 50% by
weight, and also three different application rates of each
compost type. Using oats in greenhouse pots on two
different substrates (sandy soil and loamy soil), they
discovered that plant growth was increased as the amount
of biochar in the compost increased. They also found that
plant growth increased with increasing application rates of
each type of biochar compost.
• Schulz, H., Dunst, G., & Glaser, B. (2013). Positive effects of composted biochar on plant growth

and soil fertility. Agronomy for Sustainable Development. doi:10.1007/s13593-013-0150-0
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Biochar Compost Recipes
• One of the basic principles of good compost production is

that the wider the variety of materials you use, the better
the compost.
• This ideal biochar compost system is based on a
speculative reconstruction of the Terra preta soils.
According to this model, these areas began as garbage
dumps where accumulation of food wastes, ashes and
manure were deposited.
• Fischer, D., & Glaser, B. (2012). Synergisms between compost and biochar for sustainable soil

amelioration. Management of Organic Waste. Sunil, K. & Bharti, a.(Eds.), InTech, 167–198.
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Diagram - Sustainable management of natural resources by combining biochar with organic and
inorganic wastes in compost processing (reproduced from Fischer & Glaser, 2012). OM stands
for “organic matter,” CEC stands for “cation exchange capacity” and WHC stands for “water
holding capacity.”
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Writing the Recipe Book
• For maximum conservation of resources, it is important to

remember another principle: use the less degradable
carbon sources like biochar to help preserve the more
easily degradable but nutrient-laden sources like manure
and food waste.
• There is much exciting work ahead to determine optimum
recipes for biochar-based organic composts and ferments.
• And great opportunities to combine multiple waste
streams to produce useful inputs.
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Wilson Biochar Associates:
• I have been an independent biochar consultant since 2012. I have a

background in mechanical engineering, environmental advocacy and science
journalism.
• I share what I learn from my backyard biochar experiments at

www.backyardbiochar.net and I blog about social and environmental issues
at www.greenyourhead.com

• I am an editor at the newly launched Biochar Journal – covering biochar

science and applications: http://www.biochar-journal.org

