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BiochAr for reclAmAtion in:  
the role of Biochar in the carBon dynamics  
in drastically disturBed soils

 andreW harley, phd
 andrewharley@r2incorPorAted.com 

Shrestha & Lal (2006) defines drastically disturbed soils as those where native vegetation and annual communi-
ties have been removed with most of the topsoil lost, altered or buried, and describe three main groups (in order 
of commonality):

 1. Construction related (urban centers, roadways and highways, fills and shoulders)
 2. Resource development (mining, oil and gas, aggregate); and
 3. Eroded farmland and rangeland.

Historically, drastically disturbed landscapes have been discussed in relation to the alteration of whole ecosys-
tems with respect to nutrient and water cycling (Shrestha and Lal 2006).  Soil organic matter decline is seen as 
a key component in drastically disturbed lands, impacting ecosystem functions such as air and water quality, 
wildlife habitat condition and agricultural productivity.  A landscape-scale approach to managing soil carbon 
can improve ecological functions of soil and landscapes for the benefit of society (Reed 2007).  Recent focus has 
also been placed on the importance of drastically disturbed lands (especially those of resource development) 
contributing to the atmospheric CO2 emissions by soil disturbance and cleared biomass decomposition, and 
as such, provide an important opportunity to address ecosystem functions, carbon sequestration and general 
sustainability issues through restoration and reclamation (Shrestha et al. 2009).  The use of biochar to address 
these issues in agricultural landscapes also has potential in the restoration of drastically disturbed landscapes.  
This paper discusses this potential in the restoration of drastically disturbed lands with respect to all three com-
ponents: ecosystem function, carbon sequestration and general sustainability.

the potential for Biochar to improve ecosystem function in drastically disturbed 
landscapes

Akala and Lal (2001) estimate that up to 70% of soil organic carbon is lost during drastic land disturbance.  Soil 
organic matter decline in drastically disturbed land occurs through the following mechanisms (Anderson et al. 
2008):

 • Erosion of soil during stripping, storing, respreading and seeding;
 • Water and wind erosion;
 • Reduced inputs from vegetation in the form of above-ground and below-ground litter; and
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 •  Dilution as surface soils with higher soil organic carbon concentrations become mixed with soils from 
deeper in the profile.

The loss of soil organic carbon leads to several physical and nutritional limitations that require addressing dur-
ing restoration.  Additionally, toxicity issues are common in mine soils.  A summary of factors limiting mine soil 
restoration is included in Table 1.  

table 1. role of Biochar in Ameliorating drastically disturbed Lands (modified from (shrestha and Lal 
(2006)).

limiting 
fActor

vAriABle proBlem
short-term 
treAtment

long-term 
treAtment

role of 
BiochAr

physical soil structure soil too compact rip or scarify Vegetation decreased soil 
bulk density, 
increased 
infiltration, 
and decreased 
erodibility.

increased water 
retention due 
to surface area 
and charge 
characteristics.

soil erosion high erodibility mulch re-grade, 
Vegetation

soil moisture too wet drain Wetland 
construction

too dry organic mulch tolerant species

nutritional macronutrients nitrogen 
deficiency

fertilizer n-fixing plants e.g. 
leguminous trees 
or shrubs

Yield increases.

slow nutrient 
release.

soil organic matter 
stabilization.

retention of 
released nutrients.

increased 
microbial activity.

habitat for 
mychorrhizal 
fungal hyphae

other deficiencies fertilizer fertilizer, 
Amendments, 
tolerant species

toxicity ph Acid soils (<4.5) Lime tolerant species designed for 
alkaline surface 
charge.

Alkaline soils (>7.8) Pyritic waste, 
organic matter

Weathering, 
tolerant species

high cec for na 
retention.

heavy metals high 
concentrations

organic matter, 
tolerant cultivar

inert covering, 
tolerant cultivar

high surface 
area and cation 
exchange capacity 
allows for metal 
retention.

salinity ec >4.0 ds/m, 
ph<8.5, sAr<13

Gypsum, irrigation Weathering, 
tolerant species

mixed with 
gypsum to reduce 
soil structural 
issues.

nutritional values 
as described.

high cec for na 
retention.

sodicity ec <4.0 ds/m, 
ph>8.5, sAr≥13

Gypsum, irrigation Weathering, 
tolerant species
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Soil amendments are an important component of reclamation programs.  These have included coal combustion 
by-products, biosolids, swine or poultry manure, sewage or paper mill sludge, sawdust, wood residue and lime-
stone slurry by-products.   Shrestha and Lal (2006) have summarized the role of organic and inorganic amend-
ments in restoration including:

 • Improvements of chemical and physical properties of soil;
 • Improved fertility for crop establishment;
 • Increased biomass productivity;
 • Increased water holding capacity;
 • Increased pH, electrical conductivity and cation exchange capacity;
 • Increased population of phosphate solubilizing and nitrogen-fixing bacteria;
 • Decreased bulk density;  and
 • Increased percentage of 1-2mm water stable aggregates.

While organic amendments provide a source of nutrients that are readily mineralized, these do not provide a 
long-term source of soil carbon.  Bendfeldt et al.( 2001) found that the addition of sawdust and sewage sludge to 
mine soils enhanced soil quality over the short-term (1-5 years) but that there were no lasting improvements.  Bio-
char (long residence times) represents an opportunity to enhance nutrient cycling and other ecosystem services 
in drastically disturbed lands (amendment, mulch, toxicity reduction).

Biochar is a promising amendment for ameliorating drastically disturbed soils due to its microchemcial 
(Amonette and Joseph 2009), nutrient (Chan and Xu 2009) and biological (Thies and Rillig 2009) properties 
as well as its stability in soil (Lehmann et al. 2009).  Biochar is a carbon-rich product obtained when biomass is 
heated in a closed container with limited air with the intent of being applied to soil to improve soil productivity, 
carbon storage or remediation (Lehmann and Joseph 2009).   The persistence of organic matter in the order of 
centuries in weathered tropical soils associated with the application of biochar have been reported by Glaser et 
al. (2001).  The persistence is due to the highly aromatic structure of the biochar that is chemically and microbi-
ally stable.  When compared to other organic amendments (sawdust, manure, Tithonia diversifolia leaves) in a 
highly degraded agroecosystem Kimetu et al. (2008) reported that the application of biochar had the greatest im-
pact on increasing productivity and soil organic carbon concentrations, even though there was no improvement 
of nutrient availability.  Due to the nature of production being dependent on both the feedstock and the process, 
biochar can be developed for site specific conditions to ameliorate a number of conditions (Table 1).

Ameliorating Physical Limiting factors

Soil organic carbon plays an important role in soil structural stability (the resistance of soil to structural rear-
rangement of pores and particles when exposed to different stresses such as cultivation, compaction and irriga-
tion).  A minimum of 2% soil organic carbon has been reported to be required to maintain structural stability, 
with structural stability declining rapidly below 1.5% and there is generally a linear increase of aggregate stability 
and aggregate size with increasing levels of soil organic carbon (Krull et al. 2004).  Different types of organic 
matter perform different functions in aggregate formation, however the labile carbon fraction, consisting mainly 
of carbohydrates, is instrumental in aggregate formation (Krull et al. 2004).  Microbially-produced polysaccha-
rides are of importance in the initial production of stable aggregates and that humic substances are essential for 
ensuring longer aggregate stability (Krull et al. 2004).  Low rates (100kg/ha; 90lbs/ac) of humic substances with 
over 70% aromatic carbon improved aggregate stability and reduced disaggregation during wetting and drying 
cycles (Krull et al. 2004).  Albaladejo et al. (2008) found that a single organic amendment to a degraded semiarid 
soil was effective in improving soil physical properties.   Glaser et al. (2002) reported that much lower application 
rates of coal-derived humic acids (1.5 ton/ha; 50lbs/ac) when compared to undecomposed organic residues (50-
200 ton/ha; 45-180 ton/ac) to obtain significantly higher aggregate stability.

The long-term residence time of biochar in soils has been attributed to mineral interactions with attachment oc-
curring as (Hammes and Schmidt 2009):
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 • Free biochar particles with embedded and associated clay- and silt-size minerals;
 • Small biochar particles bound to minerals; and
 • Small minerals particles bound to large biochar particles.

These processes leads to improved soil aggregation (Major et al. 2009) which are inferred to help maintain long-
term soil structural stability.  These interactions occur very quickly after application to soil and gain importance 
over time (Lehmann et al. 2009).

This improved soil aggregation and associated pore space distribution with increased organic matter generally 
increases soil water holding capacity and conductivity (Saxton and Rawls 2006).  This relationship has a greater 
effect in coarse texture than fine textured soils, and even decreasing in heavy soils (Krull et al. 2004; Glaser et al. 
2002). Saving water by reducing runoff and evaporation is critical in enhancing biomass productivity (Izaurralde 
et al. 2001) and can have significant long-term impacts.  Albaladejo et al. (2008) found higher saturated hydraulic 
conductivity in plots 16 years after a single application of urban solid refuse to a degraded semiarid soil.  Ap-
plication rates greater 2% soil organic carbon result in significantly higher available water content than lesser 
application rates, and need to be considered when determining biochar application rates.

Ameliorating nutritional Limiting factors

Reclaimed lands tend to have highly variable available nutrient contents (Shrestha et al. 2009). Soil fertility 
improvement is an important aspect of soil quality enhancement and C sequestration in soil and biomass.  Low 
rates of fertilizer application are usually recommended for dry areas where rainfall is uncertain (Izaurralde et 
al. 2001).  The judicious use of fertilizer, compost and nutrient management has been demonstrated in several 
long-term experiments (Izaurralde et al. 2001).  Reduced leaching of applied fertilizer is thus important in the 
restoration of reclaimed soils.  Less water percolation has been reported by Lehmann et al. (2003) in soil/biochar 
mixtures that soil alone.  Additionally, biochar porosity and charge characteristics can reduce leaching of nitro-
gen phosphorus potassium, calcium and magnesium (Major et al. 2009).  

As a chemical reservoir, soil organic matter is a source of nitrogen, phosphorus , sulfur and other elements (Bauer 
and Black 1994).  Soil organic matter nutrients become plant available during decomposition, and the particulate 
matter fraction is considered the most important proportion of soil organic matter (Krull et al. 2004).  Soil organic 
carbon concentrations <1% are considered a threshold below which effective nitrogen supply is reduced.  The im-
portance of soil organic carbon with respect to productivity was shown by Bauer and Black (1994) who estimated 
that 1 ton of organic matter/hectare (800 lb/acre) increased wheat dry matter productivity between 15.6 and 35.2 
kg/hectare (13.8 and 31.0 lb/acre) in the northern Great Plains.

Biochar has a high variability of plant macro- and micro-nutrients due to the different feedstocks and production 
conditions, however, several trends have been described by Chan and Xu (2009):

 • Mineral nitrogen is very low;
 • Available phosphorus is highly variable;
 • Available potassium is typically high.

Akala and Lal (2001) however noted that over reclamation periods of 15-20 years in Ohio, the carbon:nitrogen 
ratio increased suggesting the nitrogen deficiency may be a constraint in these landscapes.  While biochar itself 
is a low nitrogen source (Chan and Xu 2009) and is not considered in calculating C:N ratios, it does not appear 
to immobilize nitrogen (Kimetu et al. 2008) and may be an important amendment for nitrogen dynamics in rec-
lamation with the ability to improve the efficiency of mineral nitrogen fertilizer (Steiner et al. 2008).  

Soil texture also plays a role with fine textured soils retaining greater carbon and nitrogen than coarse textured 
soils when the same amount of organic matter are added due to the greater protection of organic carbon by clays 
(Ganjegunte et al. 2009).  This would suggest that biochar would be more effective for controlling nutrient dy-
namics in coarse grained soils.
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Increased productivity by the application of biochar has been reported by Kimetu et al. (2008) on highly de-
graded sites.   Kimetu et al. (2008) report a significant increase in seed germination (30%), shoot heights (24%), 
biomass production (13%) and crop yields (up to 200%).  Glaser et al. (2002) also cited that crop yields can be 
enhanced to a greater extent when biochar is applied together with other inorganic or organic fertilizers.  In ad-
dition to improving fertilizer retention for plant growth (Major et al. 2009), biochar may also act as a fertilizer as 
the cations in ash contained in the biochar are present as dissolved salts and thus readily available (Glaser et al. 
2002).  Cao and Harris (2010) developed a slow release phosphorus fertilizer by using dairy-manure as a biomass 
feedstock.  Additionally, the physical structure of biochar provides a framework for building a slow release NPK 
fertilizer as proposed by Day et al. (2005).

Loss of soil organic matter also reduces cation exchange capacity resulting in lower nutrient retention and sup-
ply capacity, as well as water retention capacity (Kimetu et al. 2008).  Krull et al.( 2004) found that :

 • Cation exchange capacity  increases linearly with increased soil organic carbon above a threshold of 2%;
 •  Soil organic matter contributes to up to 70% of effective cation exchange capacity in highly weathered soils; 

and 
 • Charcoal has been shown to be a potentially important contributor to increasing cation exchange capacity.

Oxidation of biochar over time produces carboxylic groups on the edges of the aromatic core, increases cation 
exchange capacity and the reactivity of black carbon in soil (Glaser et al. 2001).  As such, metal ions, dissolved 
organic matter and dissolved organic nutrients are retained through improved cation exchange capacity associ-
ated with biochar addition (Glaser, Lehmann et al. 2002).  Nguyen et al. (2008) indicates that this process can oc-
cur in the order of months.  Increases in cation exchange capacity in the range of 40-50 mmolc/kg were reported 
by Kimetu, et al. (2008) in moderately degraded sites.  The oxidation rate of biochar is dependent more on mean 
annual temperature rather than duration within the soil (Cheng et al. 2008).  The application of biochar for im-
proved cation capacity in arid and semi-arid environments appears a significant tool for nutrient and moisture 
retention in drastically disturbed soils.

Biochar has been reported to increase microbial activity in a range of soils that may also improve nutrient avail-
ability through a various of mechanisms (DeLuca et al. 2009; Kolb et al. 2009; Thies and Rillig 2009; Warnock 
et al. 2007).  Biochar inoculated with rhizobia and arbuscular mycorrhizal (Thies and Rillig 2009) has been pro-
posed for the reclamation of degraded lands (Blackwell et al. 2009) and may play an important role in the avail-
ability of water and nutrients in arid environments (Allen 2007) or in drastically disturbed soils where the soil 
biota has been destroyed.

Increased N2O emissions have been identified following the application of nitrogen fertilizers, incorporation 
of crop residue and application of liquid organic wastes and biosolids in reclaimed lands (Palumbo et al. 2004) 
Biochar can be used to offset these N2O emissions.  

Ameliorating toxicity Limiting factors

Soil pH in disturbed lands is a function of the quantity, quality and activity of carbonaceous or pyritic overburden 
material (Akala and Lal 2001) or the nature of site specific management practices where land application occurs 
(Ganjegunte et al. 2008).  Generally, disturbed lands lead  to a lowering of pH values.  Acidic conditions limit root 
growth and the establishment of plants (Shrestha and Lal 2007).  

Soil buffering capacity allows for the reasonable stability in soil pH and determines the amount of other chemi-
cals required to change soil pH.  The availability of different functional groups (e.g. carboxylic, phenolic, acidic 
alcoholic, amine, amide) allows soil organic matter to buffer over a wide range of soil pH values (Krull et al. 2004).  
Soil organic matter maintains fairly stable pH values, despite acidifying factors and more acidic soils are better 
buffered than less acidic soils.  Given the increase in carboxylic groups with time during biochar weathering, the 
buffering capacity of biochar is expected to be important in acidic soils associated with mine lands.
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Smernik (2009) has suggested that biochar amended soils can be used to control the toxicity and movement of 
organic chemicals.  Organic matter can also be used to stabilize toxic metals in soils (Palumbo et al. 2004).  Soil 
organic matter has the greatest capacity and strength of bonding with most metals of any soil component (Krull 
et al. 2004) and those metals that bond strongly in organic matter (e.g. lead, copper) are most rapidly adsorbed 
and most slowly desorbed (McBride 1989).  Absorption of metals occurs within amorphous soil organic matter 
(humic/fulvic substances, lignin), while more condensed components, including charcoal, contribute to the ad-
sorption of metals (Krull et al. 2004).  Tejada et al. (2007) showed that the addition of organic wastes with high 
humic acid concentrations is the most beneficial for remediation of lead impacted soils.  Municipal biosolids 
combined with limestone or other high calcium carbonate equivalent residuals are being used to restore metal 
contaminated sites (Brown et al. 2009).  

High lead sorption (93-100%) observed by Cao and Harris (2010) on a low specific surface area biochar from 
dairy-manure was attributed to precipitation with phosphate rather than direct adsorption.   Modeling by Cao et 
al. (2009) confirmed this by showing that approximately 85% of the lead retention was due to phosphate precipita-
tion while the remaining 15% was due to sorption.   This work shows the importance of determining the biochar 
characteristics to address a specific issue.

Arid and semi-arid regions with low rainfall and high evapotranspiration rates are particularly prone to saliniza-
tion (Uliana 2005).  The development of oil and gas as well as coal-bed natural gas (also called coal-bed meth-
ane) produces large volumes of groundwater (referred to as produced water) required to recover either the oil or 
natural gas (Whittemore 1995; Zhao et al. 2009).  Major concerns associated with these waters include salinity, 
sodicity and high carbonate/bicarbonate, and where applied to soils, result in significant increases in soluble salt 
accumulations over time (Ganjegunte et al. 2008) resulting in adverse soil physical and chemical conditions that 
restrict soil water movement (Vance et al. 2008). 

Enhancing soil organic carbon is an important component in the reclamation of salt-affected soils.  Organic 
amendments including manure, compost and farm byproducts have been added in conjunction with gypsum to 
increase biomass yield (Ansari 2008; Ghosh et al. 2009; Izaurralde, et al. 2001).   To date biochar has not been 
investigated with this application.  However, the properties of biochar described above would suggest that this is 
a promising application where produced water is used in land application programs, especially when combined 
with intensive fertilized irrigation programs where the biochar can be used to reduce fertilizer requirements and 
potentially offset other greenhouse gases.

the role of Biochar in sustainability during disturbed land restoration

Sohi et al. (2009) has developed a spatial context for the use of biochar in an agricultural landscape that has simi-
lar implications for the resource industry.  The resource sectors have adopted both industry-wide and company-
specific sustainability practices, for which biochar may provide opportunities.  While additional costs may be 
incurred with the use of biochar as a more intensive reclamation strategy, these may be offset with other sustain-
ability targets, including carbon sequestration.  

Factors to be considered include feedstock sources, manufacturing facility location, land use and application 
considerations.  

feedstock sources

Mining land is commonly associated with either agricultural and forestry activities that can produce wastes that 
can act as a feedstock for a sustainable biochar production system (Lehmann et al. 2006).  For example, Cao et al. 
(2009) have proposed that high-phosphorus animal waste has the potential as a feedstock for a phosphorus-rich 
fertilizer as well as for the mitigation of lead contaminated soil.  Other biochar feedstocks that can be incorpo-
rated into the mining cycle include:



33Biochar For reclamation in: 
the roLe of BiochAr in the cArBon dYnAmics in drAsticALLY distUrBed soiLs

 • Biomass cleared for operation and infrastructure at the mine site;
 • Woody biomass weeds;
 • Fuel mitigation in forests; 
 • Biomass production from the land application of produced or mine water; and
 • Waste products from the mining operations e.g. wood pallets.

facility Locations

The proximity of a pyrolysis facility to the feedstock is important in determining logistical and cost impacts (Sohi 
et al. 2009).  The optimal position is to have a ‘closed loop’ scenario, i.e. the application of biochar in the same 
location that produces the feedstock.  However, where mining operations are located in remote areas, transport 
costs may be prohibitive.  Where possible to meet sustainability guidelines, the development of the closed loop 
approach is optimal.  These may also provide opportunities for income generation within the local community, 
meeting social sustainability guidelines.  Economic analyses are required to determine the most cost effective 
location for the facility when considering the transportation of feedstock and the finished product, especially if 
carbon sequestration standards are to be met.

While the focus of this paper has been on the application of biochar to soil, the other side of the pyrolysis process 
is the formation of an energy source.  In remote locations, provided a sufficient and on-going feedstock is present, 
this is may also provide an opportunity to provide energy and/or heat to buildings at the mine site.

Application considerations

Rates of biochar application over the landscape scale generally involved in disturbed land reclamation may be 
prohibitive.  Glaser et al. (2001) estimated 250 ton/ha (100 ton/acre) to a depth of 1 meter (3.1 feet) where charac-
teristic in the ‘Terra Preta’ soils.  However, lower rates of 1-3 ton/ha (0.9-2.7 ton/ac) are predicted by Glaser et al. 
(2002) to be sufficient for significantly increasing production.  

While the application of biochar over large areas can be cost-prohibitive (Blackwell et al. 2009), reclamation 
generally involves the re-application of topsoil and opportunities exist to incorporate biochar during the applica-
tion phase or for the mixing of biochar with topsoil during the stripping and storing stage.  If suitable biomass 
is removed during the mine clearing stage, this provides another opportunity for the generation of biochar and 
incorporation during topsoil removal.  As heavy equipment is already utilized in various phases of the mine es-
tablishment and reclamation phases the incorporation of biochar into these processes would add value and not 
burden. 

Shrestha and Lal (2007) found that the most of the soil organic carbon in reclaimed soils in Ohio was found in the 
upper 5 cm, however land use (hay, pasture, forest, agriculture) had a significant influence on deeper soil organic 
carbon concentrations.  While current restoration techniques involve either surface spreading or the shallow in-
corporation of carbon amendments, deeper incorporation (up to 60 cm) will provide access to a much larger soil 
volume for rooting and provide a moisture reservoir in arid and semi-arid climates (Palumbo et al. 2004).

Additionally, the burial of biochar has also been considered as an option (Sohi et al. 2009).  Where carbon seques-
tration is a priority, this option may be effective prior to mine pit backfilling and reclamation.

Grazing is a common post-reclamation land-use (Anderson et al. 2008; Bengson 1999).  A potential integration of 
biochar is using the cattle to incorporate biochar into the soil simply as they graze.  Additionally, the incorporated 
biochar may be used as an offset to the nitrates produced by the cattle.  Bengson (1999) estimates that cattle ex-
crete 30-65 lbs of green manure each day producing approximately 190 lbs of nitrogen and 60 lbs of phosphorus 
per acre.  Urine patches in grazed pastures can be a dominant source of N2O.  Biochar has been proposed as a 
means to reduce the soil inorganic-N pool available for N2O-producing mechanisms (Clough et al. 2010; Rondon 
et al. 2005; Van Zwieten et al. 2009) as well as methane sources (Van Zwieten et al. 2009).  The influence of bio-
char on these non-CO2 greenhouse gases is uncertain at this time.  While Rondon et al. (2005) and Van Zwieten et 
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al. (2009) reported a reduction in emissions, no significant reduction of the inorganic –N pool was been reported 
by Clough et al. (2010).  Van Zwieten et al. (2009) attributes the specific characteristics of the biochar as influenc-
ing the activity of the microorganisms responsible for N transformations.

carbon sequestration

Carbon sequestration is essentially the process of transforming atmospheric CO2 into biomass through photo-
synthesis and incorporation of biomass into soil as humus.  Globally, soils have the capacity to draw substantial 
amounts of CO2 from the atmosphere by photosynthesis in cropland, managed forest and grassland soils (Iza-
urralde et al. 2001).  At a local and regional scale, increased adoption of land use management that incorporates 
multiple ecosystem services could deliver significant benefits.  

The potential for soil to sequester carbon has been well documented (Izaurralde et al. 2001) and the storage of 
carbon in soils is hypothesized to depend on four main factors (Knops and Bradley 2009):

 1. Organic matter inputs;
 2. Organic matter decomposability;
 3. The level of physical protection of organic matter in aggregates; and
 4. The depth at which the organic matter is deposited.

The carbon  content of spoil material is typically very low compared to undisturbed surface soils, therefore the 
potential for carbon sequestration is significant (Shrestha and Lal 2006), predominately through the develop-
ment of soil horizons over long (decades) time periods.  The low soil organic carbon in drastically disturbed soils 
can be enhanced by:

 • Proper reclamation;
 • Adoption of Best Management Practices;
 • Improvement in soil fertility using integrated soil management technologies;
 • Nutrient cycling by returning biomass to the soil; and
 • Growing leguminous annuals or tree plants with potential for biological N2-fixation.

Soil organic carbon sequestration is focused on enhancing natural capacity of ecosystems to increase rates of 
organic matter input into soil in a form with long residence time (Post et al. 2004).  Drastically disturbed soils are 
the ones with the high potential to sequester soil organic carbon at rates of 0.5 to 1.0 ton C/ha/yr and as high as 4 
ton C/ha/yr (Shrestha and Lal 2006).  Additionally, the most degraded sites have been shown to have the greatest 
response to any form of organic matter, including biochar (Kimetu et al. 2008).  

Traditional reviews of the potential for terrestrial carbon sequestration have focused on agricultural, forestry 
and grassland.  Negative externalities of such an approach include the competition for agricultural lands, de-
creased food and fiber production, increased consumer prices and the increased use of pesticides and herbicides 
in reduced tillage agriculture (Izaurralde et al. 2001).  Palumbo et al. (2004) estimates that disturbed lands in 
the United States (1.4 x 108 ha) can account for a modest, yet significant carbon sequestration potential (11 PgC 
over 50 years).  An evaluation by Sperow (2006) of carbon sequestration potential in East-Central mine lands of 
the United States indicated that current carbon sequestration potential represented between 0.3 -1% of the CO2 
emissions of the same region.  Biochar may be able to increase the amount of offset emissions via the following 
mechanisms (Gaunt and Cowie 2009):

 • Avoided emissions from conventional use of feedstock biomass;
 • Stabilization of biomass carbon;
 • Avoided emissions of N2O and CH4 from soil;
 • Displaced fertilizer and agricultural inputs;
 • Enhancement of agronomic efficiency and yield; and
 • Fossil fuel displacement.
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While the actual numbers for increased carbon sequestration from the use of biochar in the restoration of drasti-
cally disturbed lands are unknown at this time, it is anticipated that it will increase the numbers quoted above.  
While there is still no formal approach (approved methodology) for sequestering carbon through biochar, these 
techniques can be implemented immediately and provide a transition towards larger efforts moving forward.  

conclusions

Izaurralde et al. (2001) have noted that soil carbon sequestration is able to play a strategic role in GHG emission 
control.  Compared with other proposals for the immediate removal of atmospheric CO2, terrestrial sequestration 
techniques are well established, immediately deployable and known to have beneficial effects on the environ-
ment.  The strategic use of biochar in disturbed lands is an important piece of this strategy.  As has been shown 
above, biochar has the potential to increase productivity and mitigate several detrimental properties associated 
with disturbed land reclamation, it is not an unreasonable assumption that the addition of soil organic carbon 
in the form of biochar can be done without net cost to reclamation projects.  Techniques for the reclamation of 
disturbed land are well established, and the incorporation of biochar in soils as another amendment can be easily 
adopted.

The evidence from both the study fog biochar application itself and the body of reclamation and restoration work 
would suggest that the application of biochar would be most effective in the reclamation of highly degraded 
sandy to clayey sandy soil types.  Additionally 2% organic carbon appears to be the threshold at which significant 
changes to physical properties (e.g. soil structure, available water content) occur.  Application rates if biochar 
with this criterion may have the most promising opportunities for the restoration of drastically disturbed land-
scapes.

However, no general application rate can be determined from the data available and requires testing for spe-
cific soil and plant conditions (Glaser et al. 2002).  Palumbo et al (2004) recommended a program of systematic 
research to understand how interacting processes are expressed in various mineralogical, geochemical and hy-
drologic settings for the optimal application of biochar in disturbed land reclamation.  This is especially true for 
the arid and semi-arid regions where mining is common and, to date, little biochar research has been undertaken 
(Blackwell et al. 2009).  Additionally, appropriate carbon trading protocols are required for generating another 
income stream (or at minimum a process for entities to calculate a carbon impact number in order) for mining 
companies and land owners (Shrestha et al. 2009).
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