Soil Restoration using Biochar and Brown Coal Waste (BCW)

Introduction

Traditional organic waste materials used to restore soil quality (SQ) vary in efficiency as
mineral fertilisers (Chen et al., 2018). Some organic alternatives not used as fertilisers are
used to increase C sequestration to improve greenhouse gas (GHG) emissions, work as
soil conditioners to improve such qualities as water-holding capacity and microbial
biomass and reduce pollutant bioavailability (Onagwu, 2019).

Although there are many long-term studies investigating the effects of traditional manures
and fertilisers on SQ (Edmeades, 2003), studies show that their excessive use also
indicates a risk of nitrogen leaching and phosphorous runoff (Horta et al., 2018) as well as
being sources of GHG emissions (Peterson, 2018) and retaining significant levels of
pathogens (Nolan et al., 2018).

Biochar and brown coal waste (BCW) offer higher soil stability and are emerging as
possible alternative materials to use for SQ improvement (Amoah-Antwi et al., 2020).

Soil management with biochar and BCW

Biochar is a high carbon residue often produced by pyrolysis, thermal decomposition in
the absence of oxygen (Peng et al., 2018). Methods of production of biochar feedstock
include pyrolysis at varying degrees of temperature. The resulting material applied to soil
positively affects, among other actions, liming capacity (ability to reduce soil’s acidity),
pH, cation exchange capacity (CEC), carbon (C) content (Yuan et al., 2011) and C
sequestration reducing the potential increase in GHGs (Simo et al., 2019).

The diverse forms of biochar produced, owing to the production method and applied
temperatures, require a specific choice of type and dosage of a form of biochar
applicable to any particular use (O'Connor et al., 2018).

The downsides to biochar use are high production costs (Vochoska et al., 2016) and
availability (Jones et al., 2012).

BCW or lignite is less economically mined coal than high-rank coal (Kashiwagi et
al.,2015). Its properties make BCW favourable for adsorbing environmental pollutants, but
its high humid acid content enhances nutrient storage when added to soils (Anemana et
al, 2019).

Although a relatively cheaper resource than biochar, its conversion to an appropriate soil
addition can also risk the production of organic and inorganic pollutants such as
polychlorinated dibenzodioxins (PCDDs) and heavy metals (HMs) (Kopinke et al., 1995).

However, as coal use for energy generation has declined, more interest in its derivatives is
being considered for agricultural uses.
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Evaluating the effects of biochar and BCW on SQ

Soil is considered an ecosystem on its own and not just a part of an ecosystem (Laishram
et al., 2012). SQ assessments of existing soils involve evaluating fertility and productivity
while integrating multiple ecosystem functions (Bunemann et al., 2018). This uses a set of
quality indicators (Qls) measuring dynamic soil properties. According to (Vogel et al.,
2019), these properties are considered to be soil organic matter (SOM), soil water
capacity, aeration and pH rather than the actual concentration of nutrients in the solution.

The Qls represent the physical, chemical and biological categories of these soil properties
and can be used by farm managers to implement change (Amoah-Antwi et al., 2020).
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Fig. 1. Conceptual presentation of the types of soil degradation: chemical, physical, biological and ecological - with the various forms in which degradation occurs. Figure shows how the
different types of soil degradation are interlinked. Adapted and modified from Lal, 2015 and Gomiero, 2016.

The figure above, taken from (Amoah-Antwi et al., 2020), represents the three categories
of soil properties, how they are interlinked, and how they may affect each other and the
entire soil ecosystem through forms of degradation. However, it also indicates by visual
representation the elements of consideration for the derivation of Qls for each category of
soil property.

Physical QIs are good indicators of water storage, gaseous exchange, depth of root
penetration and erosion (Pandey et al.,, 2018). BCW has a high moisture content and
levels of organic compounds, making it of interest in its use as a soil amendment (Krol-
Domarnska and Smolinska, 2012).

Changes to CEC, pH and nutrient availability indicate chemical Qls. Biochar can induce
changes in these areas (Hailegnaw et al., 2019) and can also immobilise and sequester
soil pollutants (Ogbonnaya and Semple, 2013).
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Biological QIs are a crucial index of productive soils (Biswas and Naher, 2019). Biochar
and BCW can promote the relative abundance of arbuscular mycorrhizal fungi (AMF)
(Wang et al., 2019), ultimately modifying residual soil C and enhancing microbial activity
(Thies et al., 2015). AMF agglomeration also increases the hydrological properties of the
soil, and they are essential for establishing and maintaining arable crops (Vasconcellos et
al., 2013).

Summary

Biochar and BCW are considered a possible substitute and/or supplement to the
traditional use of organic matter to revitalise soil conditions; the relatively higher cost of
production and availability of biochar and treatment necessary for BCW appear to retard
greater use.

Even so, soil management using these materials offers, among other items, better liming
capacity (ability to reduce soil’s acidity), pH, cation exchange capacity (CEC), carbon (C)
content and C sequestration. Evaluation of these improvements is made by way of quality
indicators for the three major categories of soil quality.

Further investment and research regarding these materials are implied.

Conclusion

Soil applications of carbonised waste organic materials, such as biochar and BCW, hold
substantial promise for the restoration of SQ. Generally, the addition of high C sources of
organic matter to soils does not necessarily correlate with increased soil fertility. Still, the
associated increased C sequestration is linked to improvement in other soil conditions
(e.g. enhanced soil pH and microbial activity), which increases the availability of nutrients.
Biochar can be used to amend polluted soils and promote plant-available nutrients.

There is a need, through coordinated research, to increase confidence in the
performance parameters of the different types of biochar and BCW. The costs of
producing biochar and processing the relatively cheaper BCW pose legitimate
questions about the economic feasibility of these materials for large-scale
applications. A way forward would be the continued investment in low-cost
technologies to reduce the production costs of biochar and investigation through
further research into the potential of BCW derivatives.
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