C — Biochar as a soil amendment treatment for restoring forest stands
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As a soil amendment, biochar is useful for sequestering carbon, with other benefits related to
its physical structure that increases the retention of H,O and water-soluble nutrients while
reducing soil acidity and nutrient leaching. Biochar treatments can directly impact plant health
and may improve habitat for beneficial microorganisms. However, application of biochar can
also result in shifts in soil microbial communities. Some insects show delayed development,
decreased fecundity, lowered egg hatch and increased mortality when exposed to biochar
under various application conditions. Such effects require further examination. The session was
set up to introduce participants to the uses of biochar in forest systems as well as the potential
impacts (both direct and indirect) on soil properties and the biological communities that occur
in the application area.

Impact of biochar on soil physical, chemical, and biological properties
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Abstract

Restoring or enhancing soil properties on forest, range, mine, or agricultural soils is becoming
increasingly important. In particular, threats to soil from drought, intense rain, flooding, heat,
and wildfire can reduce the productive capacity of the soil and also reduce our ability to grow
food and fiber or regulate carbon (C), water, or nutrients (Blanco-Canqui 2021). Creating wood-
based biochars from material normally burned in slash piles is an opportunity to increase forest
health by decreasing wildfire risk or insect and disease outbreaks (Rodriguez-Franco and Page-
Dumroese 2021). Forest restoration efforts to reduce stand stocking is common on public lands,
but there is often no end use for limbs, branches, cull sections, or unmerchantable round wood
(Anderson et al. 2016). However, biochar made from this ‘waste’ wood is one way to increase
woody residue values while also improving forest stand conditions (Bergman et al. 2016),
improving soil conditions, and mitigating climate change. Biochar is a high C (25-95% C)
substrate and its addition to soil can rapidly increase soil C levels (Blanco-Canqui et al. 2020; Liu
et al. 2016) depending on soil type, biochar feedstock, application rates, and conditions under
which biochar is created. Further, creation of biochar using mobile pyrolysis units, kilns, or
carefully built slash piles (Page-Dumroese et al. 2017) at log landings or on skid trails reduces
transportation costs while creating biochar on-site.

Soil Changes

Physical properties: Biochar is highly porous and therefore using it on organic matter-degraded
soil or those that are compacted has many advantages. It can improve soil porosity, pore-size
distribution, bulk density, moisture holding capacity, infiltration, and hydraulic conductivity
(Atkinson et al. 2010; van Zwieten et al. 2012). It is important to note that different soil
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taxonomic classes will respond differently to char additions (Table 1). This change in water
relations, however, could be extremely helpful for restoring log landings and skid trails within
harvest units. Adding biochar can also help form soil micro-aggregates (Verheijen et al. 2009)
and increase vegetation establishment (Adams et al. 2013). Biochar can prevent the surface soil
from sealing and thereby reduce sedimentation and runoff (Luce 1997). By changing soil
physical properties, biochar may also increase forest health. For example, amending silt loam
soils with 10% biochar made from lignocellulose increased plant water use efficiency of pine-
oak forest understory plants (Licht and Smith 2018). One important change in soil physical
properties associated with biochar addition is the increased potential for storing water. The
addition of 1% organic matter or biochar can increase water storage in the soil by 1-3% (Libhova
et al. 2018) and this can be particularly important on coarse-textured soils (Basso et al. 2013).

Table 1. Soil moisture content changes associated with biochar additions in two soil taxonomic
classes (after Page-Dumroese et al. 2016. Chapter 15).

Taxonomic Order Biochar Addition Soil Moisture
A ——wwl—
Andisol 0 0.38
12 0.40
25 0.43
50 0.47
Mollisol 0 0.18
12 0.21
25 0.25
50 0.28

Importantly, biochar can increase plant available water by 38% in coarse-textured soil, 19% in
medium-textured soil, and 16% in fine-textured soils (Blanco-Canqui 2017, Edeh et al. 2020,
Razzaghi et al. 2021) and highlights the importance of using biochar on coarser-textured soils.
Understanding how much plant available water that results from biochar applications should be
assessed for each soil and biochar type (Atkinson 2018).

Chemical properties: Soil chemical changes associated with biochar additions are dependent on
the type, quality, and quantity of biochar applied. Most biochars tend to be alkaline (pH >6.0)
and can act as a liming agent in acidic soils (Glaser et al. 2002, Xu et al. 2014). It has also been
shown to increase cation exchange capacity and, because of the increase in exchange sites, it
can reduce nutrient leaching through the soil profile (Ducey et al. 2013). As the biochar ages
within the soil these properties may change and are dependent on soil, climatic regime, biochar
feedstock, and pyrolysis conditions.

Biological properties: Biochar is incredibly porous and therefore provides great habitat for soil
microbial communities. It can also stimulate both nitrification and denitrification processes and
reduce N,O emissions (Xu et al. 2014). Soil microbial community composition and function may
also change in forest soils as a result of biochar additions. Early work noted that biochar is
particularly beneficial for fungi (Warnock et al. 2007), but more recent work has also shown
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that bacterial populations and an the bacterial:fungi ratio may also be increased (Gomez et al.
2014).

Biochar and Forest Health: Increasing soil health by using biochar can also improve forest health
by making vegetation more resilient to drought and a changing climate. Increased soil health
can also mean that trees are less susceptible to insect or disease attack or better able to
withstand infestations because of a change in soil water holding capacity and available water. In
addition, because of the changes in C, nutrients, and microbial communities, biochar has been
shown to reduce disease severity of several different pathogens. Although most of the work has
been done on agricultural crops (e.g., Elad et al. 2010, Elmer and Pignatello 2011) the defense-
enhancing mechanisms of biochar may also be important for forest vegetation since these sites
are often low in organic matter and nutrients and biochar can improve nutrient retention and
water holding-capacity.

Biochar is a rapid method for increasing soil C and it also imparts other benefits such as
increase water holding, reduced leaching, or altering soil microbial communities. In addition, on
many degraded sites (e.g. skid trails, log landings) biochar can increase soil cover; thereby
reducing the potential for wind and water erosion. The key to successful deployment of
biochar, however, is to understand the type of biochar, soil, and climatic regime. Usually,
degraded soils have a greater response than soils with a high organic matter content, but many
soils benefit from biochar additions and the ecosystem benefits can be even greater (Blanco-
Canqui 2021).

Keywords: soil health, forest health, forest restoration

Acknowledgements: The authors wish to acknowledge the contributions of the numerous
University, Forest Service, and industry partners that make biochar research possible.

References cited

Adams, M.M., T.J. Benjamin, N.C. Emery, N.C. Brouder, and K.D. Gibson. 2013. The effect of
biochar on native and invasive prairie plant species. Invasive Plant Science and
Management 6: 197-207.

Anderson, N.M., R.D. Bergman, and D.S. Page-Dumroese. 2016. A supply chain approach to
biochar systems [Chapter 2]. In: Bruckman, V., Apaydin Varol, E., Baska, U.B, Liu, J. (Eds.)
Biochar: a regional supply chain approach in view of climate change mitigation. Cambridge
University Press, Cambridge, pp 25-45.

Atkinson, C.J. 2018. How good is the evidence that soil-applied biochar improves water-holding
capacity? Soil Use and Management 34: 177-186. http://doi.org/10.1111/sum.12413

Atkinson, C.J., J.D. Fitzgerald, and N.A. Hipps. 2010. Potential mechanisms for achieving
agricultural benefits from biochar application to temperate soils: a review. Plant and
Soil 337(1): 1-18.

154


http://doi.org/10.1111/sum.12413

Basso, A.S., F.E. Miguez, D.A. Laird, R. Horton, and M. Westgate. 2013. Assessing potential of
biochar for increasing water-holding capacity of soils. GCB-Bioenergy 5: 132-143.
http://doi.org/10.1111/gcbb.12026.

Bergman, R.D., H. Gu, D.S. Page-Dumroese, and N.M. Anderson. 2016. Life cycle analysis of
biochar [Chapter 3]. In: Bruckman, V., Apaydin Varol, E., Basak, U.B., Liu, J. (Eds.) Biochar: a
regional supply chain approach in view of climate change mitigation. Cambridge University
Press, Cambridge, pp 46—69.

Blanco-Canqui, H. 2017. Biochar and soil physical properties. Soil Science Society of America
Journal 81: 687-711.

Blanco-Canqui, H. 2021. Does biochar improve all soil ecosystem services? GCB-Bionergy 13(2):
291-304.

Blanco-Canqui, H., D.A. Laird, E. Heaton, S. Rathke, and B.S. Acharya. 2020. Soil carbon
increased by twice the amount of biochar carbon applied after six years: Field evidence of
negative priming. GCB-Bioenergy 12: 240-251.

Ducey, T.M., J.A. Ippolito, K.B. Cantrell, J.M. Novak, and R.D. Lentz. 2013. Addition of activated
switchgrass biochar to an aridic subsoil increases microbial nitrogen cycling gene
abundances. Applied Soil Ecology 65: 65-72.

Edeh, I.G., O. Masek, and W. Buss. 2020. A meta-analysis on biochars effects on soil water
properties — New insights and future research challenges. Science of the Total Environment
714: 136857.

Elad, Y., D.R. David, Y.M. Harel, M. Borenshtein, H. Kalifa, H. Ben, A. Silber, and E.R. Graber.
2010. Induction of systemic resistance in plants by biochar, a soil-applied carbon
sequestering agent. Phytopathology 100: 913-921. https://doi.org/10.1094/PHYTO-100-9-
0913.

Elmer, W.H. and J.J. Pignatello. 2011. Effect of biochar amendments on mycorrhizal associations
and fusarium crown and root rot of asparagus in replant soils. Plant Diseases 95: 960—
966. https://doi.org/10.1094/PDIS-10-10-0741.

Glaser, B., J. Lehmann, and W. Zech. 2002. Ameliorating physical and chemical properties of
highly weathered soils in the tropics with charcoal: a review. Biology and Fertility of
Soils 35: 219-230.

Gomez, J.D., K. Denef, C.E. Stewart, J. Zheng, and M.F. Cortufo. 2014. Biochar addition rate
influences soil microbial abundance and activity in temperate soils. European Journal of
Soil Science 65: 28-39.

Libohova, Z., C. Seybold, D. Wysocki, S. Wills, P. Schoeneberger, C. Williams, D. Lindbo, D. Stott,
and P.R. Owens. 2018. Reevaluating the effects of soil organic matter and other properties
on available water-holding capacity using the National Cooperative Soil Survey
Characterization Database. Journal of Soil and Water Conservation 73(4): 411-421.

155


http://doi.org/10.1111/gcbb.12026
https://doi.org/10.1094/PHYTO-100-9-0913
https://doi.org/10.1094/PHYTO-100-9-0913
https://doi.org/10.1094/PDIS-10-10-0741

Licht, J. and N. Smith. 2018. The influence of lignocellulose and hemicellulose biochar on
photosynthesis and water use efficiency in seedlings from a Northeastern U.S. pine-oak
ecosystem, Journal of Sustainable Forestry 37: 25-37.

Liu, S., Y. Zhang, Y. Zong, Z. Hu, S. Wu, J. Zhou, Y. Jin, and J. Zou. 2016. Response of soil carbon
dioxide fluxes, soil organic carbon and microbial biomass carbon to biochar amendment: A
meta-analysis. GCB-Bioenergy 8: 392-406.

Luce, C.H. 1997. Effectiveness of ripping. Restoration Ecology 5: 265-270.

Page-Dumroese, D.S., M.D. Busse, J.G. Archuleta, D. McAvoy, and E. Roussel. 2017. Methods to
reduce forest residue volume after timber harvesting and produce black carbon. Scientifica
2745764: 8p. https://doi.org/10.1155/2017/2745764.

Page-Dumroese, D.S., M.D. Coleman, and S.C. Thomas. 2016. Opportunities and uses of biochar
on forest sites in North America. [Chapter 15]. In: Bruckman, V., Apaydin Varol, E., Uzun, B.,
Liu, J., (Eds.) Biochar: a regional supply chain approach in view of climate change
mitigation. Cambridge University Press, Cambridge, pp. 315-336.

Razzaghi, F., P.B. Obour, and E. Arthur. 2020. Does biochar improve soil water retention? A
systematic review and meta-analysis. Geoderma 361: 114055.

Rodriguez-Franco, C. and D.S. Page-Dumroese. 2021. Woody biochar potential for abandoned
mine land restoration in the US: a review. Biochar 3: 7-22. https://doi.org/10.1007/s42773-

020-00074-y.
Van Zwieten, L., B. Singh, S. Joseph, S. Kimber, A. Cowie, and K.Y. Chan. 2012. Biochar and

emissions of non-CO2 greenhouse gases from soil. In Biochar for environmental
management, Routledge. pp. 259-282.

Warnock, D.D., J. Lehmann, T.W. Kuyper, and M.C. Rillig. 2007. Mycorrhizal responses to
biochar in soil — concepts and mechanisms. Plant and Soil 300: 9-20.

Xu, G., J.-N. Sun, H.-B. Shao, S.X. Chang. 2014. Biochar had effects on phosphorus sorption and
desorption in three soils with differing acidity. Ecological Engineering 62: 54-60.

156


https://doi.org/10.1155/2017/2745764
https://doi.org/10.1007/s42773-020-00074-y
https://doi.org/10.1007/s42773-020-00074-y

	Abstract
	Soil Changes
	References cited



