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A PRACTICAL SCIENCE GUIDE 

Biochar in Soil 

How it is made, what it does, and how to use it at home 

This guide gathers the last two decades of field trials, laboratory work, and global meta-analyses and translates 

them into a single readable document. It is written for gardeners, smallholders, and land stewards who want to 

understand biochar well enough to choose a feedstock, control a burn, charge the char, and apply it toward a 

specific soil goal — without treating every bag of black carbon as interchangeable. 

 

What this guide is What this guide is not 

A synthesis of how feedstock, heat, time, chemistry, and structure 
change what biochar does in soil — plus a home-scale playbook. 

A promise that biochar always raises yield. It does not. Benefits are 
large in poor, acidic, sandy, or degraded soils and often small in already 
fertile temperate loams. 

 

How to read it 

•​Part I explains what biochar is and why two bags can behave like different materials. 

•​Part II compiles what studies actually show: chemistry, structure, short-term shock, long-term aging, and 

co-amendments. 

•​Part III is the workshop: kilns you can build, charging recipes, rates, and goal-based recipes. 

•​Tables are comparison tools, not recipes carved in stone. Use them to choose a direction, then adjust to your 

soil. 

 

Compiled September 2026  ·  For home and small-farm use 
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Part I — What Biochar Actually Is 

A short definition that holds up 

Biochar is biomass that has been heated in little or no oxygen until most of the easily burned, easily digested 

parts have left as gas and oil, and what remains is a carbon-rich, porous solid. The process is pyrolysis. The 

product is not compost, not ash, not charcoal sold for grilling (which is often made for flavor and may contain 

additives), and not activated carbon from a water filter, though it is a cousin of both charcoal and activated 

carbon. 

The useful way to think about it is architectural. Fresh plant matter is a building full of furniture, food, and 

wallpaper. Pyrolysis removes the furniture and most of the wallpaper and leaves the load-bearing frame — a 

black, mostly aromatic carbon skeleton riddled with pores. That frame can last decades to centuries in soil. What 

you put into those pores before you bury the frame, and what soil you bury it in, decide whether the frame helps 

or briefly hurts the garden. 

Why “biochar” is not one material 

Two biochars can share a name and almost nothing else. A poultry-litter char made at 350 °C is a salty, alkaline, 

nutrient-dense powder with modest surface area. A hardwood char made at 700 °C is a high-carbon, 

high-surface-area sponge with little nitrogen and a pH that can exceed 9. Treating them as interchangeable is the 

most common reason home trials disappoint. 

Three production choices dominate the finished material: 

•​Feedstock — wood, straw, nut shells, manure, biosolids, bamboo, food waste. This sets the mineral budget 

and much of the pore architecture. 

•​Highest treatment temperature (HTT) and how long the material sits at that temperature. This sets stability, 

pH, surface area, and how much labile carbon is left. 

•​Atmosphere and quench — how little oxygen reached the char, and whether you drowned the fire with 

water or starved it of air. Incomplete burns leave tars; overburns leave ash. 

 

 The one-sentence rule 

Feedstock decides what minerals and nutrients are available to concentrate. Temperature decides how much of the 
original carbon is locked into a stable aromatic structure, and how hungry the surface will be when it first meets soil. 

 

What pyrolysis does, in plain language 

As dry biomass is heated with oxygen excluded, it passes through a few recognizable stages. You do not need a 

laboratory to feel them. You can hear and see them in a kiln. 

Stage Rough temperature What leaves the pile What remains 

Drying Up to ~150 °C Water as steam. The pile hisses. The same biomass, just drier. 
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Stage Rough temperature What leaves the pile What remains 

Torrefaction / early 
pyrolysis ~200–300 °C Acetic acid, methanol, light organics. Acrid 

smoke if you leak air. Brown-black solid still rich in volatile matter. 

Active pyrolysis ~300–500 °C Most of the “wood gas”: tars, phenols, 
hydrogen, methane, carbon monoxide. 

Char with remaining functional groups; good 
CEC potential; still some food for microbes. 

High-temperature 
pyrolysis ~500–800 °C+ Nearly all remaining volatiles. Smoke thins if 

the flame cap is working. 

Highly aromatic carbon, higher pH, higher 
surface area, fewer oxygen-containing 
surface groups. 

Ashing (the failure 
mode) Char + oxygen + heat The carbon itself, as CO2. Mineral ash. Useful as lime, useless as 

biochar. 

Table 1. The thermal stages of making biochar. Home kilns usually live in the 400–700 °C band if the flame cap is held and the quench is 
timely. 

Residence time matters almost as much as peak temperature. A piece of wood 5 cm thick needs on the order of 

an hour per 2.5 cm of radius to carbonize to the core. Pull the quench too early and you get a black rind over a 

brown, still-woody heart — a material that will rot, not persist. Hold the heat too long with air leaking in and you 

mine the char down to ash. 

A note on Terra Preta, so the myth stays in its place 

The dark earths of the Amazon — Terra Preta do Índio — are the origin story everyone meets first. They are real: 

centuries-old, carbon-rich, fertile patches in landscapes that are otherwise poor. They are not, however, “biochar 

plus nothing.” They are a long conversation among charred residues, kitchen waste, bones, pottery, manure, and 

living roots. The char fraction is the durable scaffold. The fertility is the scaffold plus everything that was 

composted, chewed, and excreted onto it for generations. 

That is the practical lesson, not the romance. Raw char in a hungry soil can immobilize nitrogen for a season. 

Charged, composted, or manure-soaked char behaves more like the Amazonian material people actually want. 

Part II — Evidence: Feedstocks, Heat, Chemistry, Structure 

Feedstock classes compared 

A 2020 meta-data review by Ippolito and colleagues pulled roughly 5,400 papers and more than 50,000 

individual measurements. Their central finding is the one home producers should tattoo on a kiln lid: feedstock is 

the largest single influence on finished properties. Temperature is the second. Whether the kiln is “fast” or 

“slow” pyrolysis matters less for the inorganic chemistry than most equipment catalogs imply. 

Class Typical home sources What you are buying What you are not buying 

Woody 
Hardwood prunings, pallets 
(untreated), wood chips, nut 
shells, bamboo 

High carbon, high surface area, long 
persistence, good physical soil repair 

Much nitrogen or phosphorus. Modest 
CEC unless charged. 

Crop residues / 
grasses 

Corn stalks, straw, rice hulls, 
leaves, spent hay, corn cobs 

Higher CEC potential, more ash and 
potassium, moderate carbon 

The extreme longevity and surface area 
of dense wood char. 

Manures and 
bedding 

Poultry litter, horse stall cleanings, 
composted manure solids 

Nutrients (N, P, K), high pH, high ash, 
some liming value 

High stability or high surface area. Watch 
salts and, with some litters, metals. 
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Class Typical home sources What you are buying What you are not buying 

Biosolids / mixed 
food waste Rarely appropriate at home Nutrient density 

Cleanliness. Contaminant risk is the 
reason this class belongs in permitted 
facilities. 

Table 2. Feedstock classes in the language of a home producer. If you can choose only one rule: match clean woody char to structure and 
water; match residue and manure chars to nutrients; never pyrolyze painted, pressure-treated, or glossy printed material. 

Typical property ranges by feedstock 

Numbers below are compiled ranges from meta-analyses and reviews, not guarantees for a backyard batch. 

Home kiln chars sit toward the middle of each band if the burn is complete and the quench is clean. 

Property Wood / nut shell Straw, hulls, grass Manure / litter 

Carbon (total) 65–90% 50–75% 25–60% 

Ash 1–15% 10–35% 25–60% 

pH (in water) 7.0–10.0 8.0–10.5 8.5–11.5 

Nitrogen Very low (often <1%) Low–moderate Moderate–high, but much is poorly 
available 

Phosphorus Low Low–moderate High 

Potassium Low–moderate Often high High 

Surface area Highest, especially above 500 °C Moderate Lowest 

CEC (fresh) Often lowest Often highest among plant chars High, but salts can dominate 

Electrical conductivity Low Moderate High — salinity risk 

Best first use Sandy soil structure, water, carbon 
storage 

Mixed garden fertility + some 
structure 

Nutrient charge for acidic, depleted 
soils — after testing salts 

Table 3. Typical finished-char properties by feedstock family. Within each family, higher temperature pushes carbon, pH, and surface area 
up, and nitrogen and volatile matter down. 

Feedstocks to use, feedstocks to refuse 

Use freely if dry and clean Use with care Do not pyrolyze 

Untreated hardwood and softwood prunings 
Nut shells and pits 
Corn cobs, clean straw, dry leaves 
Bamboo, untreated pallets marked HT 
(heat-treated) 

Poultry litter (salts, sometimes copper/zinc) 
Pine and other resins in thick chunks (tarry 
smoke) 
Glossy leaves and thick green material (steam, 
poor char) 
Invasive plants with viable seed — heat must 
reach the core 

Pressure-treated lumber, painted or stained 
wood 
Plywood, OSB, MDF, anything with glue 
Plastics, rubber, coal, petroleum products 
Glossy colored paper, magazines 
Diseased wood you would not want 
distributed as dust 

Table 4. Feedstock hygiene. Biochar concentrates whatever minerals were in the starting material. It does not make poison disappear; it 
often makes poison stay. 

Pyrolysis temperature and time 

Temperature is the second dial. Across hundreds of studies the same pattern repeats. As highest treatment 

temperature rises, yield of solid char falls (more of the mass leaves as gas), total carbon concentration rises, 

hydrogen and oxygen fall, pH and ash rise, surface area generally rises, and the carbon that remains becomes 

more aromatic and harder for microbes to eat. 
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Band What the char is like Soil job it is good at Soil job it is poor at 

300–400 °C 
“Low” 

Higher yield, more volatile matter, 
more oxygen-containing surface 
groups, higher CEC potential, more 
labile carbon, milder pH 

Short-term fertility, microbial 
stimulation, enzyme activity, modest 
yield bumps in poor soil 

Century-scale carbon storage; strong 
liming; high surface-area water 
storage 

400–550 °C 
“Medium” — the 
home-kiln sweet spot 

Balanced: still some functional 
groups, rising stability, useful pH, 
usable surface area 

The compromise most gardeners 
want: some fertility, some structure, 
decent persistence 

Maximum surface area or maximum 
nutrient density, depending on 
feedstock 

550–700 °C 
“High” 

High carbon, high pH, high surface 
area, low H/C and O/C, long predicted 
half-life 

Water holding in sand, bulk-density 
drop, long-term C, N2O mitigation in 
many soils 

Immediate nutrient supply; microbial 
“food”; sometimes early N 
immobilization if uncharged 

>700 °C 
“Very high” 

Very stable, very alkaline, minerals 
concentrated, surface sometimes 
beginning to sinter 

Remediation, strong liming of very 
acid soils, carbon permanence 

Living-soil inoculation; home 
production (hard to reach cleanly 
without a retort) 

Table 5. Temperature bands and the jobs they fit. Ippolito et al. (2020) note that temperatures above about 500 °C generally produce chars 
with predicted half-lives over 1,000 years on the basis of O/C and H/C ratios. Field aging is messier than those ratios, but the direction 
holds. 

Time at temperature 

Laboratory papers often report a hold of 0.5–2 hours once the target temperature is reached. Home flame-cap 

kilns do not have a thermocouple in every stick. Use these field rules instead: 

•​Chip and stick material under 2 cm thick: a well-run Kon-Tiki or drum kiln often finishes a layer in 20–40 

minutes. 

•​Branch wood: plan on about one hour per inch (2.5 cm) of radius to carbonize to the center. 

•​When a piece snapped in half is black all the way through, with a ringing ceramic note rather than a woody 

fiber, it is done. 

•​Brown centers are not biochar. They are roasted wood. They will decompose. 

•​White ash on the surface means you waited too long or leaked too much air. Quench. 

Slow versus fast pyrolysis — why home producers can mostly ignore the argument 

Industrial “fast pyrolysis” heats fine particles in seconds and is built to make bio-oil. “Slow pyrolysis” heats bulk 

material over minutes to hours and is built to make char. Ippolito’s compilation found only modest 

inorganic-chemical differences between the two once feedstock and temperature were accounted for. Home 

methods — pits, flame-cap kilns, TLUDs, drum retorts — are all slow pyrolysis. That is the right family for soil 

char. 

Chemical makeup: what the numbers mean in a garden 

Carbon quality, not just carbon quantity 

Two ratios are used throughout the literature because they track how “cooked” the carbon is: 

•​H/C (hydrogen to carbon, atomic): as this falls below about 0.7, fused aromatic rings dominate. The char is 

less like a plant and more like a graphite-like sheet. 

•​O/C (oxygen to carbon, atomic): below ~0.2 is often treated as highly stable (century-plus); 0.2–0.6 as 

moderate; above 0.6 as relatively labile. These are rules of thumb from incubation and modeling work 

(notably Spokas), not stopwatches. 
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High-temperature wood chars typically land in the stable band. Low-temperature manure chars often do not. 

That is why “I added carbon” is not the same statement as “I sequestered carbon.” 

pH and liming 

Most plant- and manure-derived biochars are alkaline. pH commonly sits between 7.5 and 10.5 and rises with 

temperature and ash. The liming power is not the same as agricultural lime of equal pH — calcium carbonate 

equivalent (CCE) varies widely — but in acidic soils the pH lift is one of the most consistent chemical effects in 

the entire literature. A 2024 global meta-analysis of acidic soils found biochar improved most measured chemical 

properties; straw-derived chars were particularly effective at raising soil pH, available P, and organic matter. A 

2025 meta-analysis focused on acid soils reported average pH gains around 7% and yield gains around 21%, with 

wood chars made below 500 °C looking especially suitable when starting pH was under 4.5. 

On already alkaline soils the same property is a liability. Adding high-pH, high-ash char to a calcareous garden can 

nudge micronutrient availability the wrong way. Know your starting pH before you chase a recipe written for the 

tropics. 

Cation exchange capacity 

CEC is the soil’s ability to hold onto positively charged nutrients (ammonium, potassium, calcium, magnesium) 

rather than let them wash away. Fresh high-temperature wood char often has a surprisingly modest CEC because 

high heat strips the oxygen-containing groups that carry negative charge. Crop-residue chars frequently test 

higher. Aging and composting raise CEC: oxygen returns to the surface as the char weathers, and organic coatings 

accumulate. This is one reason charged and co-composted chars outperform raw high-temp wood char in fertility 

trials. 

Nutrients: present versus available 

Manure chars can look like fertilizers on a total-analysis sheet and behave like slow, incomplete fertilizers in a 

pot. Much of the nitrogen is tied into aromatic structures or lost to the air during pyrolysis. Phosphorus in 

biochar can be more available than the total number suggests at moderate temperatures, and less available 

when temperatures exceed about 600 °C — a pattern confirmed by a meta-analysis of 108 pairwise comparisons, 

which found biochar increased soil P availability by a factor of about 4.6 overall, but only when application 

exceeded 10 t/ha and pyrolysis stayed under 600 °C. 

Potassium is the nutrient most likely to be immediately useful. It is soluble, it survives pyrolysis, and grass and 

manure chars can be genuine K sources. 

Element or trait As temperature rises As you switch wood → residue → 
manure Garden consequence 

Total C Rises (other things burn off) Falls Wood + high heat = carbon project. 
Manure + low heat = fertility project. 

N Falls sharply (off-gassed) Rises Do not use raw wood char as a 
nitrogen plan. 

P availability Often peaks mid-range; weak above 
~600 °C Rises Need P? Moderate-temp manure or 

residue char, charged. 

K Concentrates with ash Rises One of the more reliable nutrient 
gifts. 
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Element or trait As temperature rises As you switch wood → residue → 
manure Garden consequence 

pH / ash Rises Rises Asset on acid soils; check first on 
alkaline soils. 

CEC (fresh) Often falls as functional groups burn 
off Generally rises Composting restores what high heat 

removed. 

Labile C / volatiles Falls Higher in low-temp and manure chars Low-temp char feeds microbes now; 
high-temp char houses them later. 

Predicted persistence Rises sharply above ~500 °C Wood lasts longest If carbon storage is the goal, cook 
wood hotter and keep air off it. 

Table 6. Chemical trends that survive most datasets. Individual batches will wander. The arrows rarely reverse. 

Structure: pores, surface, particle size 

The chemistry is what the char is made of. The structure is how that material is arranged in space — and 

structure is why biochar changes water, air, and microbial housing even when it adds few nutrients. 

A hierarchy of holes 

•​Macropores (visible with a hand lens, often the ghosts of plant vessels) move water and air and give mites, 

fungi, and roots somewhere to travel. 

•​Mesopores store plant-available water and host a large share of bacterial life. 

•​Micropores hold water so tightly that plants cannot use it, but they dominate surface area and adsorption of 

small molecules. 

Wood chars inherit the plumbing of the tree. That is why oak and other hardwoods, pyrolyzed intact, look like 

black sponges under a lens and why they change sandy soils so reliably. Manure chars are more granular and 

ash-rich; they do less physical architecture and more chemistry. 

Surface area 

Specific surface area (SSA) in published chars ranges from under 10 m²/g in some low-temperature manures to 

several hundred m²/g in high-temperature woods. Ippolito’s compiled means climb from roughly 27 m²/g below 

300 °C to around 200 m²/g above 700 °C, with wood far above manure. Surface area is why high-temp wood char 

can adsorb pesticides, some metals, and dissolved organics — and why it can also adsorb the fertilizer you just 

applied if you did not charge it first. 

Particle size is a management choice 

Size What it does Where to use it 

Chunky (5–20 mm) Aeration, drainage in clay, slower mixing, visible for 
years 

Heavy clay beds, orchard backfill, paths you want to 
loosen 

Crushed (1–5 mm) The workhorse fraction: mixes, holds water, hosts 
microbes Most garden beds 

Fines (<1 mm) Fast chemistry, high surface, dusty, can clog pores if 
overused 

Compost piles, potting mixes at low %, slurry 
inoculants 

Uncrushed kiln-run Fine for composting first — turning breaks it Charging piles; crush after it is no longer dusty-black 
and hydrophobic 

Table 7. Particle size is not a quality grade. It is a tool setting. Many home producers compost first and crush second, because wet, charged 
char dusts less and inoculates better. 
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What biochar does to soil — physical, chemical, biological 

Physical 

A 2022 meta-analysis (Hossain / Biochar journal family of studies) found average reductions in bulk density 

around 29% and increases in porosity around 59%, with larger physical improvements from chars made above 

500 °C. Those numbers are averages across many rates and soils; a backyard 5% by volume incorporation will not 

cut bulk density by a third. The direction is trustworthy: char particles are light, angular, and porous, so they prop 

open soil the way perlite does, with the difference that they also chemically weather and biologically colonize. 

Sandy soils gain plant-available water because mesopores hold moisture that sand cannot. Clay soils gain 

drainage and aeration because macropores and irregular particles break massive structure. Both effects show up 

most clearly when the starting soil is extreme. Loams already sit near the physical optimum; they have less to 

gain. 

Chemical 

The same 2022 synthesis reported average increases of about 46% in soil pH (relative effect size, driven hard by 

acid soils), 20% in CEC, and 27% in organic carbon. A separate compilation of field data reported gross SOC stock 

increases around 27%, crop yield around +16%, methane about −15%, nitrous oxide about −23%, and inorganic 

nitrogen leaching about −23%, with little average effect on soil CO2. Individual sites wander in every direction. 

Acidic, coarse, low-organic-matter soils are where the chemical wins concentrate. 

Biological 

Low-temperature chars (<500 °C) tend to stimulate nutrient-acquisition enzymes and microbial diversity more 

than high-temperature chars. A 2022 enzyme meta-analysis found low-temp chars raised C-, N-, and 

P-acquisition enzyme activities and dehydrogenase, while chars made at or above 500 °C were close to neutral 

on those same enzymes. Fungi often colonize char pores; bacterial community shifts are common but not always 

an increase in “diversity” as a virtue signal. After ten years in a vineyard trial, a double dose of biochar raised 

organic carbon, nudged pH up, slightly lowered bulk density, favored oligotrophic bacteria, and increased 

rhizosphere fungal richness, including yeasts, without a collapse of function. 

The honest biological summary: biochar is housing first and food second. High-temp char is almost all housing. 

Low-temp char is housing with a pantry. Composting the two together is how you furnish the house. 

Short-term versus long-term studies 

Most biochar papers last one season. Soil is not a one-season object. The difference matters because fresh char 

is chemically aggressive — high pH, empty pores, sometimes residual tars, sometimes a flush of labile carbon — 

and aged char is a quieter, more oxidized, more colonized version of the same skeleton. 

What “short term” usually looks like (weeks to two seasons) 

•​pH rises quickly in acid soils. 

•​Bulk density drops as soon as the particles are mixed. 

•​Uncharged high-C char can immobilize mineral nitrogen. Seedlings yellow. This is the most common 

home-garden failure. 
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•​A flush of microbial activity is common with low-temp chars as leftover volatile carbon is eaten. 

•​Yield responses, when they appear, are largest in the first one to three seasons on poor soils and often 

indistinguishable from fertilizer-only controls on fertile temperate soils. 

•​Jeffery and colleagues famously found ~25% mean yield increase in tropical systems and no mean yield effect 

in temperate latitudes — a split that still organizes the literature. 

What “long term” is starting to show (4–15 years, plus century-old kiln sites) 

Study / setting Duration What persisted What faded or complicated the story 

Global synthesis of 29 
long-term field experiments 
plus 438-study dataset 

4–12 years Annual re-application sustained yield (~+11%), 
cut CH4 and N2O, and raised SOC (~+53%). 

Single doses often lost yield benefit as the 
char aged and the liming/nutrient pulse faded. 

Vineyard, Europe, 22 t/ha 
wood char unearthed 15 years Inertinite fraction of the carbon essentially 

unchanged. Permanent carbon is real. 

Unearthed particles were mixed with soil 
minerals and organic coatings — the char does 
not sit there pristine. 

German field pair, loam vs 
sand 9–14 years 

On loam, compost + 31.5 t/ha biochar still 
showed a large, stable SOC stock increase 
after 11 years. 

On sand, a 40 t/ha dose plus organics lost 
much of the extra SOC within four years. 
Coarse soil did not physically protect the char. 

Winter wheat–pea, 
forest-waste char at 11–45 
t/ha, one dose 

10 years pH still up by ~0.4–0.8 units; SOC stocks still 
elevated; CEC and several nutrients improved. 

The effect is rate-dependent. Small doses 
whisper; large doses still speak after a decade. 

Two managed field trials, 
sucrose probe after 10 years 10 years Medium rates (50–60 t/ha) still improved 

porosity and reduced priming of native SOC. 
The living soil still “notices” the char a decade 
later — it is not inert gravel. 

Century-old European kiln 
sites ~100 years 

About 54 t C/ha extra in the top metre relative 
to neighboring soils; some char had moved 
into the 30–60 cm layer. 

Slow dissolution continues. Permanence is 
high, not infinite, and some char rides water 
and worms downward. 

Arable field, 30–90 t/ha, 
recovered after 5 years 5 years Surface area of recovered particles roughly 

doubled; new small pores formed. 

~35–40% of char mass was gone from the 
0–20 cm layer (movement + some loss, not all 
mineralized). 

Table 8. Long-term snapshots. The carbon scaffold largely remains. The agronomic “glow” of a single dose often dims unless you keep 
feeding the system or you started from a very poor soil. 

A fair reading of the long-term record: 

•​The aromatic core of well-made, high-temperature char is among the most persistent organic materials you 

can legally put in a garden. 

•​Particles move. Some rides downward. Some fragments. Measuring “what is left in the topsoil” is not the 

same as measuring “what oxidized.” 

•​Aging increases surface oxidation and often CEC, and can increase measured surface area as tars and ash 

wash off and new microporosity opens. 

•​Yield and nutrient benefits of a one-time dose frequently peak early and then settle into a quieter structural 

and carbon-storage benefit. 

•​Repeated modest additions, or pairing char with compost every year, look more robust than a single heroic 

dump. 

Meta-analytic scoreboard 

One paper cannot police a field this noisy. A stack of meta-analyses can at least show where the center of gravity 

sits. Figures are mean effect sizes from the cited syntheses; they hide enormous scatter. 
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Outcome Typical mean effect Where it is strongest Where it is weakest or reversed 

Crop yield 
+10% to +25% depending on the 
meta-analysis; Jeffery tropical ~+25%, 
temperate ~0% 

Acid, sandy, tropical, low-fertility soils; 
with fertilizer or compost 

Fertile temperate loams; already 
well-limed fields; raw high-C char 
without N 

Soil organic carbon +12% to +50%+ depending on rate 
and whether char-C is counted 

Any soil, immediately, because you 
added carbon 

Sandy soils with poor physical 
protection, over years 

Soil pH Consistent rise on acid soils (often 
0.2–1.0 units at field rates) pH < 5.5, high-ash chars, higher rates Alkaline soils; low-ash wood char at 

low rate 

Bulk density / porosity BD down ~10–30% in syntheses; 
porosity up sharply 

Fine and coarse extremes; high-temp 
chars Already loose, high-OM beds 

Available P Large mean increase (one synthesis: 
×4.6) 

Rates >10 t/ha; pyrolysis <600 °C; 
manure/residue chars High-temp wood char at low rate 

N2O emissions Often −10% to −25% Well-made char, not overdosed with 
N 

Some manure chars and some 
flooded systems go the other way 

CH4 emissions Often a modest decrease in upland 
soils Upland, well-aerated Some paddy systems increase CH4 

N leaching Often ~20% reduction in inorganic N 
leaching 

Sandy soils, charged or co-applied 
char 

Uncharged char can first lock N in 
place — good for leaching, bad for 
seedlings 

Heavy metals in crops Tissue concentrations often 17–39% 
lower in syntheses Contaminated soils, binding surfaces Do not use this as a license to apply 

contaminated feedstock 

Soil enzymes / microbes Low-temp char stimulates; high-temp 
char near neutral Living-soil goals, composted char Expecting high-temp wood char alone 

to “add biology” 

Table 9. A scoreboard, not a promise. Schmidt et al. (2021) reviewed 26 meta-analyses and found an overall beneficial direction for 
agronomic parameters — with a standing warning that poorly characterized, contaminated, or incomplete chars inside those averages 
may be dragging some results down. 

Co-application: char almost never wants to work alone 

If there is a single practical finding that should change home use, it is this: biochar plus an organic or mineral 

partner beats biochar alone in most head-to-heads. A 2026 review of soil-health responses found combined 

applications improved 9 of 16 measured properties versus char alone, including large lifts in available 

phosphorus and CEC. A fertilizer meta-analysis found biochar alone ~+25% yield and biochar plus inorganic 

fertilizer an extra ~10 points on top of that, with the showiest (and least certain) numbers coming from char plus 

both organic and inorganic fertilizers. 

Partner What the partner supplies What the char supplies How to combine 

Finished compost Microbes, stable humus, balanced 
nutrients Housing, water pores, persistence Best default. Mix 1 part char with 

3–10 parts compost; rest 2–8 weeks. 

Co-composting (char in the 
pile from day one) 

The whole composting ecology, heat, 
coatings of organic matter on the 
char 

Reduced N loss from the pile; a 
coated, wettable, inoculated char 

5–20% of pile volume as char. 
Strongest “Terra Preta-like” product. 

Aged manure N, P, K, microbes Stops some leaching; holds 
ammonium 

Mix and rest. Never use raw manure 
char-mix on salad greens without a 
wait. 

Urine (diluted) Soluble N and K, fast Binds urea/ammonium against loss 
1:4 urine:water, soak days to a week, 
then compost or rest before food 
crops. 

Mineral NPK Exact, immediate nutrients Slows leaching; can reduce N2O in 
some systems 

Charge the char with a dilute 
fertilizer solution, or band them 
together — do not expect char to 
replace the fertilizer. 
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Partner What the partner supplies What the char supplies How to combine 

Worm castings / worm tea Dense, gentle biology A surface the castings can colonize Premium small-batch method for 
potting mixes. 

Rock dusts, gypsum, lime Minerals the feedstock never had A long-lived holder for whatever 
dissolves 

Useful on deficient soils; lime + 
high-pH char can overshoot. Test. 

Table 10. Partners. Compost is the default. Co-composting is the upgrade. Fertilizer is the yield insurance. Urine is the homestead shortcut. 

Co-composted char deserves its own sentence. When biochar goes into a compost pile rather than being mixed 

with finished compost at the end, two things happen. The pile often loses less nitrogen. The char comes out 

coated with microbial slime and dissolved organic matter — more wettable, higher in extractable nutrients, less 

likely to raise pH into the stratosphere. In a 2025 pot study, biochar alone did not improve lettuce; char mixed 

with compost roughly tripled growth; char that had been composted with the feedstock nearly sextupled it 

versus the unamended soil. That is one experiment, not a law, but it matches the older FERTIPLUS field pattern: 

blended and co-composted materials do the fertility work; raw wood char does the carbon and structure work. 

Activation, charging, inoculation — and raw versus treated char 

These words get used as synonyms. They are not. 

•​Charging / nutrient-loading: filling empty pores with dissolved nutrients so the char does not vacuum them 

out of your soil. 

•​Inoculating: giving the pores a living community — compost, tea, castings, soil. 

•​Activating, in the industrial sense: steaming or chemically etching char to explode its surface area (activated 

carbon). Home producers almost never do this, and they do not need to. 

•​Weathering: letting time, air, and water oxidize the surface. This happens in a compost pile and in soil. 

Why raw char misbehaves 

Fresh high-carbon char is hydrophobic on some surfaces, highly adsorptive, low in available N, and often high in 

pH. Dropped into a seedling mix it can: hold seed-starter fertilizer hostage, dry the mix in odd ways, and raise pH 

past what young roots enjoy. The yellow-leaf episode that follows is nitrogen immobilization plus, sometimes, a 

pH-and-wetting problem. It is not evidence that “biochar does not work.” It is evidence that an empty sponge 

was dropped into a small kitchen. 

Form Short-term soil effect Long-term soil effect When to use it 

Raw, high-temp wood char Risk of N immobilization; pH spike; 
dust; water-repellent pockets 

Structure, C storage, eventual 
oxidized CEC as it ages 

Into a compost pile, or into a bed 
you will not plant for months, or as 
a carbon project you are willing to 
fertilize around 

Nutrient-charged (soak) Much lower grab of soil N; some 
immediate K/N Same scaffold, faster start When you need to apply this week 

Compost-mixed (2–8 weeks) Gentle, biologically awake Good all-purpose Default garden use 

Co-composted (weeks to 
months in the pile) Best fertility signal in several trials Coatings + scaffold Best product you can make at home 

Fertilizer-preloaded Designed to cut leaching of the 
fertilizer itself Depends on the fertilizer Vegetable production where you 

already use mineral N 

Table 11. Raw versus prepared char. The carbon is the same. The first growing season is not. 

Page 12 



Biochar in Soil   ·   A practical science guide for home and small-farm use 

Part III — Making, Preparing, and Using Biochar at Home 

Decide the job before you light the fire 

Home production is only worth the smoke if you know what you are trying to change. Use this matching table as 

the planning step. 

Your soil / your goal Preferred feedstock Preferred heat band Preferred preparation Starting rate 

Sandy soil dries out and 
leaks fertilizer 

Wood, nut shells, dense 
stems 500–700 °C Charge with compost or dilute 

fertilizer; crush to 1–5 mm 
8–10% by volume in the top 
15–20 cm, or 1–2.5 kg/m² 

Clay sits wet, then bakes 
into brick 

Wood chunks + some 
fines 450–650 °C Charge; leave some pieces 

5–10 mm for aeration 
5–8% by volume; do not 
powder the whole batch 

Acid bed, pH under 6, poor 
growth 

Residue or manure char, 
or any high-ash char 400–550 °C Compost together; recheck pH 

after a month 
Start modest (0.5–1 kg/m²); 
pH moves 

Alkaline or calcareous soil Low-ash wood; avoid 
poultry litter char Medium Heavy compost charge; skip 

extra lime 
Low rate 2–5% by volume; 
watch micronutrients 

Want carbon storage more 
than yield Clean wood ≥500 °C, complete 

carbonization 
Charge so you do not harm this 
year’s crop 

As much clean char as you 
can make; document the pile 

Want biology and yield this 
season 

Residue + manure 
chars, or wood char 
co-composted 

350–500 °C for the 
fertility fraction 

Co-compost; worm-castings 
finish 

5% char in the bed, delivered 
inside compost 

Saline or coastal soil High-temp wood (low 
EC) High Leach the char with water 

before charging if it tastes salty 
Modest rates; do not add 
manure char 

Containers and potting mix Fine wood or 
co-composted blend Medium–high Must be charged 5–10% of mix volume, not 

more on the first try 

Fruit tree at planting Wood char, chunky + 
fine Medium–high Mix into backfill with compost, 

not in a pure layer 
1–2 L charged char per hole, 
blended 

Compost pile improvement Any clean char, kiln-run Any complete char Add raw; the pile is the charge 5–15% of pile volume 

Table 12. Goal-based recipe sheet. When in doubt, make woody char at a medium-high heat, co-compost it, and apply 5% by volume. That 
single sentence covers most temperate gardens. 

Tools you can reasonably obtain 

You do not need a stainless steel continuous pyrolyzer. You do need dry feedstock, a way to keep oxygen off the 

char once it has formed, a quench, and respect for fire. 

Tool Approximate cost 
band What it is good for Limits 

Shovel and a dry pit 
(Kon-Tiki-in-earth) Free–low First batches, branches, teaching yourself 

the flame cap 
Smoke if mismanaged; 
weather-dependent; scars the ground 

Steel cone or “Oregon kiln” / 
flame-cap trough Low–moderate The best simple upgrade. Cleaner than a 

pit, movable 
Needs attention. Not a set-and-forget 
stove 

Nested drums (retort): small drum 
inside a 55-gallon drum Low (used drums) Higher yield, less oxygen on the product, 

good chips and nubs 
Slower; drums rust; must vent gases into 
the fire, never into a sealed can 

TLUD (top-lit updraft) barrel or 
stove Low Chips, pellets, hulls; cleaner burn; small 

batches Feedstock must be fairly uniform and dry 

Water source + metal lids / wet 
burlap Low Quench. Non-negotiable A sealed dry cool-down also works if the 

vessel can be closed air-tight 

Heavy gloves, face shield, leather 
apron, rake Low Still having skin in five years Synthetic fabrics near flame are a 

mistake 
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Tool Approximate cost 
band What it is good for Limits 

Moisture meter or the “snap test” Low / free Knowing feedstock is dry enough (<20% 
moisture, ideally <15%) 

Wet feedstock makes steam, tar, and 
disappointment 

Hardware cloth and a tamper or 
light roller Low Crushing cooled char Do this damp to control dust 

Compost bay or stock tank Low–moderate Charging at a useful volume Charging in a bucket works for pots, not 
for a garden 

Table 13. A home toolkit. If you buy only one purpose-built thing, buy or weld a flame-cap kiln. If you buy nothing, a pit and a shovel still 
make real char. 

Four home methods, compared 

1. Flame-cap / Kon-Tiki / Oregon kiln (recommended default) 

This is the method that made small-scale biochar respectable. You light a fire in a steel cone, trough, or pit. You 

add wood in layers. A flame sits on top of the bed and burns the rising gases (the “cap”). Under the flame, 

oxygen is scarce and charcoal forms. When the vessel is full of glowing char, you quench with water or starve the 

air with a lid and soil. 

Reported mass yields for well-run Kon-Tiki burns on wood are often in the mid-teens to low twenties of percent; 

volume yields look higher because char is bulky. A documented 1.65 m kiln run produced on the order of 17% 

mass yield and 44% volume yield from wood. Clean operation wants dry wood, a bright flame cap (not a 

smolder), and a decisive quench. 

1.​Choose a bare, legal, wind-aware site. Have water already in place. 

2.​Start a small hot fire in the base with dry kindling. 

3.​When you have a bed of coals, add the next layer of feedstock. Let flames re-establish before burying them 

with too much new wood. 

4.​Keep the flame visible on top. Thick gray smoke means the cap has collapsed — stop adding, let it breathe, 

rebuild the flame. 

5.​Work in layers until the kiln is a glowing mass of char with little remaining unburned wood. 

6.​Quench thoroughly. Stir. Quench again. Hidden embers will eat a night’s work and can start fires in a cooling 

pile. 

2. Pit or conservation burn 

Same physics as the flame cap, minus the steel. Dig a sloped-wall pit in dry ground, wider at the top. The earth is 

the kiln. It is free, it works, and it is easy to do poorly (smolder, soil contamination, incomplete char). Use it to 

learn, then graduate to steel if you will make char more than once a year. 

3. Nested-drum retort 

Place feedstock in a smaller drum with a few holes or a chimney so gases can escape. Set that drum inside a 

larger drum or over a firebox. The outer fire cooks the inner charge without letting oxygen at it. Yields are often 

higher (30% mass is possible) and the product is more uniform. Gases must vent into the fire and burn. A sealed 

vessel with no vent is not a retort. It is a bomb. 
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Retorts shine when you already have a wood stove or an outdoor firebox and want to stack heat and char. They 

are slower and more fiddly than a flame cap for mixed branch wood. 

4. TLUD barrel 

Light the top of a column of chips. Primary air comes in at the bottom. The pyrolysis front moves downward. 

Gases rise through the flame and burn. When the front reaches the bottom, shut primary air and close the barrel 

to save the char. Excellent for rice hulls, pellets, and screened chips. Poor for mixed branch piles. 

Method Skill needed Cleanliness of burn Typical yield Best feedstock 

Flame-cap kiln Moderate attention Good if the cap holds 15–25% mass on wood Branches, splits, mixed 
sizes 

Pit Easy to start, easy to 
botch Fair Often lower Same as flame-cap 

Nested retort Moderate fabrication Good (gases can be burned) Often 25–35% mass Chips, nubs, uniform pieces 

TLUD Moderate Often the cleanest small 
option Competitive on fine fuels Chips, hulls, pellets 

Open campfire, rake coals Low Poor Low Emergency / 
demonstration only 

Table 14. Home production methods. Cleanliness is not snobbery. A smoldering fire makes more smoke, more residual tar, and more 
polycyclic aromatic hydrocarbons (PAHs). A bright flame cap is both neighborly and chemically better. 

A working protocol for a clean home batch 

1.​Dry the feedstock. Air-dry under cover until sticks snap and chips feel light. Moisture over ~20% wastes heat 

on steam and makes tar. 

2.​Sort. No paint, no treated wood, no trash. Similar thickness in a given layer. 

3.​Burn with a visible flame cap or a true retort venting into fire. 

4.​Test a piece from the middle. Black through the core. No brown fiber. 

5.​Quench until every hiss is finished and a gloved hand can hold a piece. 

6.​Drain. Spread to finish cooling. 

7.​Optional but recommended: rinse dusty high-ash batches and let them drain. You are washing off the most 

soluble salts and some ash. 

8.​Crush damp. Aim at 1–5 mm for beds, with some coarser pieces for clay. 

9.​Charge. Do not skip this unless the char is going straight into an active compost pile. 

10.​ Store in breathable bulk bags off the soil, labeled with feedstock, date, and estimated temperature 

band. 

Charging recipes you can actually follow 

Recipe A — Compost rest (default) 

•​1 part crushed biochar + 3 to 5 parts finished, living compost, by volume. 

•​Moisten until a fistful holds together and does not drip. 

•​Cover against sun and rain. Turn once a week. 
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•​Ready in 2–4 weeks. Longer is better if you have it. 

This is the safest recipe for food gardens. It is also the one that most closely matches what successful field trials 

call “biochar plus organic amendment.” 

Recipe B — Co-compost (best product) 

•​Build a normal hot compost pile (greens, browns, moisture, air). 

•​Add biochar as 5–15% of total volume, layered in as you build, or mixed with the nitrogen source. 

•​Run the pile through its heat and cure as usual. The char will steal some moisture — watch the squeeze test. 

•​Finished material is compost-charged char, ready to use as you would use compost, at garden-compost rates. 

Recipe C — Fast liquid charge (this week) 

•​Submerge crushed char in compost tea, worm tea, dilute fish emulsion, or a complete liquid fertilizer mixed 

at label strength or a little under. 

•​Soak 24–72 hours. Stir a few times. Keep it from going septic if you added sugars — a short aerobic brew is 

better than a three-day stink. 

•​Drain. Apply the damp char. Pour the leftover liquid on the compost pile, not down a storm drain if it is rich. 

Liquid charging fills pores. It does not build the same organic coating as co-composting. Use it when the calendar 

wins. 

Recipe D — Dilute urine (homestead) 

•​Mix 1 part human or livestock urine with 4 parts water. 

•​Soak char 3–7 days in a lidded but not airtight bucket. 

•​Drain. Rest the wet char in compost or soil for at least two weeks before it touches salad crops. 

•​Do not use undiluted urine. Do not use urine from anyone on medications you would not want in the garden. 

Recipe E — Mineral fertilizer preload 

Dissolve a complete fertilizer in water at a dilute rate. Soak char 12–24 hours. This is the method several 

agronomy papers mean by “activated with fertilizer.” It is for growers who already use mineral N and want less of 

it to leak. It is not an organic certification path. 

How much to apply 

Field papers speak in tonnes per hectare. Gardens speak in percent by volume and kilograms per square metre. 

Rough, honest conversions, assuming char bulk density around 200–300 kg/m³ and mixing 15–20 cm deep: 10 

t/ha is in the neighborhood of 1 kg/m² and very roughly 3–6% by volume. Do not treat that as surveying-grade 

math. Weigh a bucket of your char once and write the number on the barrel. 

Place A sensible first rate How to put it there Do not 

New vegetable bed, average 
soil 

5% by volume in the top 15 cm, or ~1 
kg charged char per m² 

Broadcast with compost, fork or 
rototill once 

Dump a 20% layer and plant lettuce 
tomorrow 

Sandy, hungry bed 8–10% by volume, with compost Incorporate; mulch Apply raw 
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Place A sensible first rate How to put it there Do not 

Clay bed 5% mixed sizes Incorporate when soil is barely moist, 
not smearing Powder it all into fines 

Existing perennial bed 0.5–1 kg/m² as top-dress under 
mulch Let worms work it down; or slice-fork Sever a shrub’s roots to bury char 

30 cm down 

Potting mix 5–10% by volume, charged Blend throughout Go to 30% on the first experiment 

Tree planting hole 10% of backfill, charged, blended No “char bathtub” at the bottom Pure char under the root ball 

Lawn renovation ~0.5 kg/m² with compost after 
aeration Sweep into cores Smother grass with a black layer 

Compost pile 5–15% of volume Layer in So much char the pile goes dry and 
cold 

Maintenance after a big 
dose 

Small annual compost-char 
top-dress, or nothing Watch the soil for two seasons first Re-apply 10% every spring “just in 

case” — char accumulates 

Table 15. Application rates. Biochar is not compost. Compost you can add forever. Char you are installing. Start at the low end of every 
range. You can add more next year. You cannot rake 20% back out of a bed. 

Mechanics of application 

•​Incorporate into the root zone. Char sitting on a dry surface as a black mulch does little except stain shoes 

and, in a wind, leave. 

•​Blend with the amendment you already trust. The shovel-full should look like dark compost, not like a 

charcoal spill. 

•​Water after mixing. Charged char should already be damp; a dry-out after application re-creates hydrophobic 

pockets. 

•​In no-till beds, top-dress with a compost-char blend and let biology move it. Help with a broadfork if the soil 

allows. 

•​Banding near the row is legitimate in poor soil when char is scarce. Broadcast is simpler and more forgiving. 

•​Do not create a perched layer of fine char over clay. That is a bathtub. 

Safety, legality, and quality control 

Fire and smoke 

Check burn bans, setbacks, and neighborhood rules before you light anything. Flame-cap kilns are much cleaner 

than a smolder pit but they are still open fire. Keep a hose live. Quench completely. Never leave a “cooling” pile 

overnight if you have not drowned or sealed it. Cool char in contact with dry leaves is a fire department story. 

Lungs 

Dry char dust is not theatrical dirt. It is fine carbon. Crush damp, stand upwind, and use a dust mask. People with 

asthma should not be the designated crusher. 

Contaminants 

•​Feedstock is destiny. Treated lumber, painted wood, and roadside debris can load char with copper, 

chromium, arsenic, lead, or zinc. 

•​PAHs form when pyrolysis is incomplete or smoky. A hot flame cap and a full carbonization cut that risk 

sharply. A wet, smoldering trash fire raises it. 
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•​Poultry litter and some urban wastes can be high in salts and zinc. Leach and test if you will use them around 

food. 

•​Home char will not come with an IBI or EBC certificate. You can still follow the spirit: clean feedstock, 

complete carbonization, no additives, no wishful burning of garbage. 

A backyard quality checklist 

Check Pass Fail 

Color and core Black through the break, hollow plant pores visible Brown center, unburned fiber, or white ash 
throughout 

Smell Faint smoke or almost none once cool Sharp tar, plastic, or chemical odor 

Sound and feel Light, ringing, writes on paper like charcoal Heavy, wet-wood feel, or powdery lime-white 

Hydrophobicity after charging Wets within seconds in the compost mix Still beading water after a compost rest — crush finer 
and rest longer 

pH of a slurry (optional) Know the number; most wood chars 8–10 If you need acid soil and you are holding pH 11 
manure char, pick a different batch 

Salt taste / EC (optional) Wood char tastes like nothing much Sharp salt — rinse or reserve for ornamentals, not 
seedlings 

Table 16. Field quality checks. A $20 soil pH meter and a cheap EC pen, used on a 1:10 char:water slurry, will tell you more than a 
marketing adjective on a bag. 

Troubleshooting 

What you see Likely cause What to do 

Seedlings yellow after a fresh char 
addition N immobilization and/or pH spike Side-dress nitrogen, water, wait. Next time charge longer. 

Do not add raw char to a seedling tray. 

No yield change after a year on 
good loam 

You started from a soil that was not the problem 
char solves 

Treat char as a carbon and structure insurance policy, not 
a fertilizer. Stop chasing yield. 

Soil crusts or stays water-repellent 
in patches Fines + hydrophobic fresh surfaces Mix deeper with compost; wet the bed thoroughly; next 

batch crush less extremely and charge longer. 

pH jumps past 7.5 and leaves 
yellow between veins High-ash char on a soil that did not need lime Add elemental sulfur or more acid organic matter only if 

a test confirms it; switch to low-ash wood char. 

White residue, leaf scorch, 
especially in pots Salts from manure char or over-fertilized charge Leach the pot; switch feedstocks; dilute the charge. 

Kiln pours smoke, neighbors 
appear 

Flame cap collapsed, wet wood, or oversized 
load 

Stop adding. Rebuild a bright flame. Next time: drier 
wood, thinner layers. 

Char yield is mostly ash Too much air, too little quench Quench earlier. Smaller air gaps. A lid. 

Char yield is mostly roasted sticks Quenched too soon or pieces too thick Hold the heat. Split wood. Test the core. 

Table 17. Most failures are either an empty sponge in a small pot, or a fire that was not quite pyrolysis. 

A 12-month home plan 

1.​Season 0, any idle month: collect and dry feedstock under cover. Test your soil pH, texture, and organic 

matter if you can. Write down what is actually wrong with the garden. 

2.​First burn: make one kiln-load of clean woody char. Quench, crush, and split the batch. 

3.​Put at least half into an active compost pile (Recipe B). Charge the rest with finished compost (Recipe A). 

4.​Amend one bed at 5% by volume. Leave a neighboring bed as a control. This is the only way a home trial 

means anything. 
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5.​Grow the season. Note watering frequency, leaf color, and yield on the two beds. Do not change five other 

variables at the same time. 

6.​Next idle season: burn residues you now understand, perhaps a separate manure-bedding batch if you have 

livestock and a salt plan. 

7.​Year 2: top-dress the original bed with compost-char, or do nothing and keep watching. Add a second bed 

only if year 1 earned it. 

Worked examples 

Example 1 — Raised beds on loamy sand, tomatoes and greens 

Goal: hold irrigation water and stop fertilizer from disappearing after a thunderstorm. Make hardwood prunings 

in a flame-cap kiln, medium-high heat, crush to 1–4 mm, co-compost at 10% of pile volume. Incorporate the 

finished compost-char at about 8% of bed volume while filling new beds, mixed through the top 20 cm. Mulch. 

Expect less drought-wilt between waterings before you expect a miracle yield. Keep your usual fertility program 

the first year; then try shaving it if the plants stay green. 

Example 2 — Heavy clay allotment that ponds in April 

Goal: aeration and earlier working. Make mixed branch char, leave a third of it in 5–10 mm pieces. 

Compost-charge. Fork 5% by volume into the top 15 cm on a day the soil crumbles rather than smears. Pair with 

gypsum only if a test says sodium or structure needs it — char is not a gypsum substitute. Do not add 

poultry-litter char here unless a test says the clay is acid and hungry; clay already holds nutrients. 

Example 3 — Acid woodland edge, blueberries already in place 

Goal: do no harm. Blueberries want acid soil. High-pH char is the wrong tool in the root zone. If you use char at 

all, use a low-ash wood char at a low rate, heavily composted with acidic organic matter (pine fines, leaf mold), 

and keep it out of the immediate crown. For this planting, leaf mold and sulfur may be the better amendments. 

Biochar is allowed to lose this matchup. 

Example 4 — Small orchard planting 

Goal: a long-lived sponge around new roots. Blend 10% charged woody char into the backfill of each hole along 

with compost. Do not line the pit with char. Water in. Top-dress the drip line in later years with compost-char 

rather than re-digging. 

Part IV — Limits, Open Questions, and a Working Stance 

What the literature still cannot settle 

•​How often, if ever, a temperate fertile garden should add more char after the first good dose. 

•​How much of the “missing” char in topsoil after five years is mineralization versus fragments moving 

sideways and down. 

•​Whether co-composted char’s extra yield is mostly nitrogen conservation, mostly biology, or mostly the 

coatings that make char wettable. 
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•​How to certify home char without pretending a pit burn is an EBC plant. 

•​The long-term fate of nutrients and contaminants bound to aging surfaces — binding is not always forever. 

Honest limits 

Biochar will not rescue compaction you refuse to stop creating. It will not replace organic matter you never add. 

It will not sweeten a saline soil if the char itself is a salt bomb. It will not make a fertile temperate loam yield like 

a newly limed tropical Oxisol just because a meta-analysis average is positive. And it will not sequester carbon if 

the feedstock would have lived on as a tree, or if the burn is a smoky mess whose black carbon is offset by 

wasted methane and diesel runs for wet wood. 

Used with a sense of proportion, it is still one of the few soil amendments that can be made from waste 

branches on a Saturday, persist past the gardener who made it, hold water in a sand bed, and give microbes a 

room that does not rot out from under them. 

A working stance you can take into the yard 

1.​Make or buy clean char. Feedstock hygiene beats kiln brand. 

2.​Cook it through the core. Brown centers are not a style; they are a mistake. 

3.​Charge it. Compost is the default partner. 

4.​Match the char to the soil’s actual problem. 

5.​Start at 5% by volume, on one bed, with a control. 

6.​Count carbon and tilth as success even when yield does not move. 

7.​Stop adding when the soil has enough sponge. Permanence cuts both ways. 

Selected sources and further reading 

This guide is a synthesis, not a substitute for the papers. The following are the works that most shaped the 

tables. They are listed so a skeptical reader can go check the averages against the scatter. 

•​Ippolito J.A. et al. (2020). Feedstock choice, pyrolysis temperature and type influence biochar characteristics: 

a comprehensive meta-data analysis review. Biochar 2: 421–438. The backbone for feedstock and 

temperature property trends (~5,400 papers). 

•​Schmidt H.-P. et al. (2021). Biochar in agriculture — A systematic review of 26 global meta-analyses. GCB 

Bioenergy 13: 1708–1730. The scoreboard of scoreboards. 

•​Jeffery S. et al. (2017 and earlier related work). Crop yield responses; the tropical versus temperate split. 

•​Hossain et al. / related 2022 Biochar journal meta-analysis. Physical properties, pH, CEC, SOC, microbial 

diversity, productivity by texture and temperature. 

•​Glaser B., Lehmann J., and the broader Terra Preta and persistence literature, including Spokas on O/C and 

H/C stability rules of thumb. 

•​Gao & DeLuca and related P-availability meta-analysis (2019): P availability × temperature and rate. 
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•​Joseph, Kammann, and co-composting papers on organic coatings, nitrate capture, and why composted char 

is not raw char. 

•​Long-term field reports: 10–15 year vineyard work in Europe; German loam versus sand SOC permanence 

studies; 10-year wheat–pea acidity and SOC persistence; century-old kiln-site carbon inventories; 2025–2026 

syntheses of multi-year annual-application trials. 

•​Acid-soil chemical meta-analysis (ACS Agricultural Science & Technology, 2024) and 2025 acid-soil yield/pH 

meta-analysis favoring wood chars <500 °C on very acid soils. 

•​GHG and yield strategy meta-analyses through 2025 on sole char versus char-plus-fertilizer versus 

char-plus-organic. 

•​Practice: US Biochar Initiative and Wilson / Taylor Kon-Tiki documentation; USDA Forest Service 

flame-carbonization guidance; Nebraska Forest Service small-scale production notes; PIK / Ithaka and related 

farmer manuals on urine-enriched and pit-kiln char; International Biochar Initiative and European Biochar 

Certificate standards for what “clean” means when someone else made the bag. 

 

 Last page advice 

If you remember only four numbers, remember these: cook wood past 500 °C if you want the carbon to stay; charge 
every batch that will touch living roots; start near 5% by volume; and keep one untreated bed so you can tell whether 
the black stuff did anything besides look like progress. 

 

— end — 
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