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Recent Publications About Biochar

There is a lot of interest in biochar as a soil amendment and for its potential role in sequestering
carbon to ameliorate the effects of climate change. CenUSA is evaluating biochar impacts on
farm and garden crops production. Research is active and ongoing, and this list of recommended
readings provides links to publications about different aspects of biochar production and use.

Please note that most of these links go to abstracts provided by professional journals; many of
the full articles are only available to subscribers, or for a fee. You may be able to access these
publications at your university or college library.
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The Impact of Biochar on Plants

e Biederman, Lori A.; Harpole & W. Stanley. 2013. Biochar and its effects on plant productivity
and nutrient cycling: a meta-analysis. GCB Bioenergy 5: 202-214.
http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12037/abstract.

e Brockhoff, S.R., N.E. Christians, R.J. Killorn, R. Horton & D.D. Davis. 2010. Physical and
Mineral-Nutrition Properties of Sand-Based Turfgrass Root Zones Amended with Biochar.
Agron. J. 102: 1627-1631.
https://www.agronomy.org/publications/aj/abstracts/102/6/1627?access=0&view=pdf.
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Figure 1. Master Gardener Biochar Trials — St. Paul, MN campus.
Photo: J. Weisenhorn.

e Busch, Daniela, Claudia Kammann, Ludger Grinhage & Christoph Miiller. 2012. Simple
Biotoxicity Tests for Evaluation of Carbonaceous Soil Additives: Establishment and
Reproducibility of Four Test Procedures. J. Environ. Qual. 41: 1023-1032.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1023

e Buss, Wolfram, Claudia Kammann & Hans-Werner Koyro. 2012. Biochar Reduces
Copper Toxicity in Chenopodium quinoa Willd. in a Sandy Soil. J. Environ. Qual. 41:
1157-1165. https://www.agronomy.org/publications/jeq/abstracts/41/4/1157.

e Crane-Droesch, A., S. Abiven, S. Jeffery & M.S. Torn. 2013. Heterogeneous global crop
yield response to biochar: a meta-regression analysis. Environ. Res. Lett. 8: 044049.
http://iopscience.iop.org/1748-9326/8/4/044049.

e Gaji¢, Ana & Heinz-Josef Koch. 2012. Sugar Beet (Beta vulgaris L.) Growth Reduction
Caused by Hydrochar Is Related to Nitrogen Supply. J. Environ. Qual. 41: 1067-1075.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1067.

e Glaser, Bruno & Jago Jonathan Birk. 2012. State of the scientific knowledge on
properties and genesis of Anthropogenic Dark Earths in Central Amazonia (terra preta
de Indio). Geochim. Cosmochim. Acta 82: 39-51.
http://www.sciencedirect.com/science/article/pii/S001670371100144X.

e Glaser, B., L. Haumaier, G. Guggenberger & W. Zech. 2001. The ‘Terra Preta’
phenomenon: a model for sustainable agriculture in the humid tropics.
Naturwissenschaften 88: 37-41.
http://link.springer.com/article/10.1007/s001140000193.

e Jeffery, S., F. G. A. Verheijen, M. van der Velde & A.C. Bastos. 2011. A quantitative
review of the effects of biochar application to soils on crop productivity using meta-
analysis. Agric., Ecosyst. & Environ. 144: 175-187.

US DA This project is supported by Agriculture and Food Research Initiative Competitive WWWw.cenusa.iastate.edu
=‘—/" Grant No. 2011-68005-30411 from the National Institute of Food and Agriculture.


https://www.agronomy.org/publications/jeq/abstracts/41/4/1023
https://www.agronomy.org/publications/jeq/abstracts/41/4/1157
http://iopscience.iop.org/1748-9326/8/4/044049
https://www.agronomy.org/publications/jeq/abstracts/41/4/1067
http://www.sciencedirect.com/science/article/pii/S001670371100144X
http://link.springer.com/article/10.1007/s001140000193

http://www.sciencedirect.com/science/article/pii/S0167880911003197.

e Kirwan, R. 1793. What are the manures most advantageously applicable to the
various sorts of soils, and what are the causes of their beneficial effect in each
particular instance? The Transactions of the Royal Irish Academy 5: 129-198.
http://www.jstor.org/stable/30078693.

e Laird, David A., Natalia P. Rogovska, Manuel Garcia-Perez, Harold P. Collins,
Jason D. Streubel, Matthew Smith. 2011. Pyrolysis and Biochar — Opportunities
for Distributed Production and Soil Quality Enhancement. In: Ross Braun,
Douglas L. Karlen, & Dewayne Johnson (Eds.). Sustainable Alternative Fuel
Feedstock Opportunities, Challenges and Roadmaps for Six U.S. Regions.
Proceedings of the Sustainable Feedstocks for Advanced Biofuel Workshop.
SWCS publisher.

e Lentz, R.D. & J.A. Ippolito. 2012. Biochar and Manure Affect Calcareous Soil and
Corn Silage Nutrient Concentrations and Uptake. J. Environ. Qual. 41: 1033-
1043. https://www.agronomy.org/publications/jeq/abstracts/41/4/1033.

e Ogawa, M. &Y. Okimori. 2010. Pioneering works in biochar research. Japan. Soil
Res. 48: 489-500.
http://www.publish.csiro.au/?act=view file&file id=SR10006.pdf.

e Rogovska, N., D. Laird, R.M. Cruse, S. Trabue & E. Heaton. 2012. Germination
Tests for Assessing Biochar Quality. J. Environ. Qual. 41: 1014-1022.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1014.

e Schnell, Ronnie W., Donald M. Vietor, Tony L. Provin, Clyde L. Munster & Sergio
Capareda. 2012. Capacity of Biochar Application to Maintain Energy Crop
Productivity: Soil Chemistry, Sorghum Growth, and Runoff Water Quality Effects.
J. Environ. Qual. 41: 1044-1051.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1044.

e Spokas, K.A., K.B. Cantrell, J.M. Novak, D.W. Archer, J.A. Ippolito, H.P. Collins,
A.A. Boateng, I.M. Lima, M.C. Lamb, A.J. McAloon, R.D. Lentz, & K.A. Nichols.
2012. Biochar: A synthesis of its agronomic impact beyond carbon
sequestration. J. Environ. Qual. 41: 973-989.
https://www.agronomy.org/publications/jeq/abstracts/41/4/973.

e Stavi, Ilan & Rattan Lal. 2013. Agroforestry and biochar to offset climate
change: a review Agron. Sustainable Dev. 33: 81-96.
http://link.springer.com/article/10.1007/s13593-012-0081-1.

e Tryon, E.H. 1948. Effect of charcoal on certain physical, chemical, and biological
properties of forest soils. Ecol. Monogr. 18: 81-115.
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.2307/1948629
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The Impact of Biochar on Soils

e Augustenborg, Cara A., Simone Hepp, Claudia Kammann, David Hagan, Olaf
Schmidt and Christoph Miiller. 2012. Biochar and Earthworm Effects on Soil
Nitrous Oxide and Carbon Dioxide Emissions. J. Environ. Qual. 41: 1203-1209.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1203.

e Basso, A. S., F.E. Miguez, D.A. Laird , R. Horton & M. Westgate. 2013. Assessing
potential of biochar for increasing water-holding capacity of sandy soils. GCB
Bioenergy 5(2): 132- 143.
http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12026/full.

e Biederman, Lori A. & W. Stanley Harpole. 2013. Biochar and its effects on plant
productivity and nutrient cycling: a meta-analysis. GCB Bioenergy 5: 202-214.
http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12037/abstract.

e Brewer, Catherine E., Yan-Yan Hu, Klaus Schmidt-Rohr, Thomas E. Loynachan,
David A. Laird & Robert C. Brown. 2012. Extent of Pyrolysis Impacts on Fast
Pyrolysis Biochar Properties. J. Environ. Qual. 41: 1115-1122.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1115.

e Brockhoff, S.R., N.E. Christians, R.]J. Killorn, R. Horton & D.D. Davis. 2010.
Physical and Mineral-Nutrition Properties of Sand-Based Turfgrass Root Zones
Amended with Biochar. Agron. J. 102: 1627-1631.
https://www.agronomy.org/publications/aj/abstracts/102/6/1627?access=08&vie
w=pdf.

e Buss, Wolfram, Claudia Kammann & Hans-Werner Koyro. 2012. Biochar Reduces
Copper Toxicity in Chenopodium quinoa Willd. in a Sandy Soil. J. Environ. Qual.
41: 1157-1165.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1157.

e Choppala, G. K., N.S. Bolan, M. Megharaj, Z. Chen & R. Naidu. 2012. The
Influence of Biochar and Black Carbon on Reduction and Bioavailability of
Chromate in Soils. J. Environ. Qual. 41: 1175-1184.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1175.

e Crane-Droesch, A., S. Abiven, S. Jeffery & M.S. Torn. 2013. Heterogeneous
global crop yield response to biochar: a meta-regression analysis. Environ. Res.
Lett. 8: 044049. http://iopscience.iop.org/1748-9326/8/4/044049.

e Gaji¢, Ana & Heinz-Josef Koch. 2012. Sugar Beet (Beta vulgaris L.) Growth
Reduction Caused by Hydrochar Is Related to Nitrogen Supply. J. Environ. Qual.
41: 1067-1075.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1067.

e Glaser, B., L. Haumaier, G. Guggenberger & W. Zech. 2001. The ‘Terra Preta’
phenomenon: a model for sustainable agriculture in the humid tropics.
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Naturwissenschaften 88: 37-41.
http://link.springer.com/article/10.1007/s001140000193

e Hass, Amir, Javier M. Gonzalez, Isabel M. Lima, Harry W. Godwin, Jonathan J.
Halvorson & Douglas G. Boyer. 2012. Chicken Manure Biochar as Liming and
Nutrient Source for Acid Appalachian Soil. J. Environ. Qual. 41: 1096-1106.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1096.

e Granatstein, D., C. Kruger, H. Collins, M. Garcia-Perez & J. Yoder. Center for
Sustaining Agriculture and Natural Resources, Washington State University.
2009. Use of Biochar from the Pyrolysis of Waste Organic Material as a Soil
Amendment. https://fortress.wa.gov/ecy/publications/publications/0907062.pdf.

e Ippolito, J.A., J.M. Novak, W.]. Busscher, M. Ahmedna, D. Rehrah & D.W. Watts.
2012. Switchgrass Biochar Affects Two Aridisols. J. Environ. Qual. 41: 1123-
1130. https://www.agronomy.org/publications/jeqg/abstracts/41/4/1123.

e Jeong, Chang Yoon, Jim J. Wang, Syam K. Dodla, Thomas L. Eberhardt & Les
Groom. 2012. Effect of Biochar Amendment on Tylosin Adsorption—-Desorption
and Transport in Two Different Soils. J. Environ. Qual. 41: 1185-1192.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1185.

e Johnson, Jane, Francisco J. Arriaga, Gary M. Banowetz, David R. Huggins, David
Laird, Michael J. Ottman & Brian J. Wienhold. 2011. Crop Residues of the
Contiguous United States: Balancing feedstock and soil needs with conservation
tillage, cover crops, and biochar. In: Ross Braun, Douglas L. Karlen, and
Dewayne Johnson (Eds.). Sustainable Alternative Fuel Feedstock Opportunities,
Challenges and Roadmaps for Six U.S. Regions. Proceedings of the Sustainable
Feedstocks for Advanced Biofuel Workshop. SWCS publisher.

e Johnson, J.M.F., W.W. Wilhelm, D.L. Karlen, D.W. Archerd, B. Wienhold, D.T.
Lightle, D. Laird, J. Baker, T.E. Ochsner, J.M. Novak, A.D. Halvorson, F. Arriaga
& N.W. Barboura. 2010. Nutrient removal as function of corn stover cutting
height and cob harvest. BioEnergy Res. 3: 342-352.
http://link.springer.com/article/10.1007/s12155-010-9093-3.

¢ Kameyama, K., T. Miyamoto, T. Shiono & Y. Shinogi. 2012. Influence of
Sugarcane Bagasse-derived Biochar Application on Nitrate Leaching in Calcaric
Dark Red Soil. J. Environ. Qual. 41: 1131-1137.
https://www.agronomy.org/publications/jeg/abstracts/41/4/1131

e Kirwan, R. 1793. What are the manures most advantageously applicable to the
various sorts of soils, and what are the causes of their beneficial effect in each
particular instance? The Transactions of the Royal Irish Academy 5: 129-198.
http://www.jstor.org/stable/30078693.

e Laird, D.A., P.D. Fleming, D.D. Davis, R. Horton, B. Wang & D.L. Karlen. 2010a.

USDA This projectis supported by Agriculture and Food Research Initiative Competitive WWwWw.cenusa.iastate.edu
=—/ Grant No. 2011-68005-30411 from the National Institute of Food and Agriculture.


http://link.springer.com/article/10.1007/s001140000193
https://www.agronomy.org/publications/jeq/abstracts/41/4/1096
https://fortress.wa.gov/ecy/publications/publications/0907062.pdf
https://www.agronomy.org/publications/jeq/abstracts/41/4/1123
https://www.agronomy.org/publications/jeq/abstracts/41/4/1185
http://link.springer.com/article/10.1007/s12155-010-9093-3
https://www.agronomy.org/publications/jeq/abstracts/41/4/1131
http://www.jstor.org/stable/30078693

Impact of biochar amendments on the quality of a typical Midwestern
agricultural soil. Geoderma 158: 443-449.
http://www.sciencedirect.com/science/article/pii/S001670611000176X.

e Laird, D.A., P.D. Fleming, D.L. Karlen, B. Wang & R. Horton. 2010b. Biochar
impact on nutrient leaching from a Midwestern agricultural soil. Geoderma 158:
436-442. http://gaiainternational.org/wp-
content/uploads/2014/03/biocharnutrientleachingmidwesternsoilsi.pdf.

e Laird, David A., Natalia P. Rogovska, Manuel Garcia-Perez, Harold P. Collins,
Jason D. Streubel & Matthew Smith. 2011. Pyrolysis and Biochar — Opportunities
for Distributed Production and Soil Quality Enhancement. In: Ross Braun,
Douglas L. Karlen, and Dewayne Johnson (eds.). Sustainable Alternative Fuel
Feedstock Opportunities, Challenges and Roadmaps for Six U.S. Regions.
Proceedings of the Sustainable Feedstocks for Advanced Biofuel Workshop.
SWCS publisher.

e Lee, James W., M. Kidder, B.R. Evans, S. Paik, A.C. Buchanan, C.T. Garten &
R.C. Brown. 2010. Characterization of Biochars Produced from Cornstovers for
Soil Amendment. Environ. Sci. Technol. 44: 7970-7974. doi:
10.1021/es101337x. http://pubs.acs.org/doi/full/10.1021/es101337x.

e Lehmann, J. 2007. Bio-energy in the black. Front. Ecol. Environ. 5: 381-387.
https://doi.org/10.1890/1540-9295(2007)5[381:BITB]2.0.CO;2.

e Lehmann, J., C. Czimczik, D. Laird & S. Sohi. 2009. Ch. 11: Stability of Biochar
in Soil. pp 169-182. In J. Lehmann & J. Stephen (Eds.). Biochar for
Environmental Management. Earthscan. http://books.google.com/books?id=w-
CUty JIfcC&pg=PA183&source=gbs toc r&cad=4#v=onepage&g&f=false.

e Lentz, R. D. & J. A. Ippolito. 2012. Biochar and Manure Affect Calcareous Soil
and Corn Silage Nutrient Concentrations and Uptake. J. Environ. Qual. 41:1033-
1043. https://www.agronomy.org/publications/jeq/abstracts/41/4/1033.

e Libra, J.A., K.S. Ro, C. Kammann, A. Funke, N.D. Berge, Y. Neubauer, M.-M.
Titirici, C. FUhner, O. Bens, J. Kern & K.-H. Emmerich. 2011. Hydrothermal
carbonization of biomass residuals: a comparative review of the chemistry,
processes and applications of wet and dry pyrolysis. Biofuels 2: 71-106.
http://karlheinzemmerich.de/Dokumente/HTC Review Biofuels 2011.pdf.

e Major, Julie, Marco Rondon, Diego Molina, Susan J. Riha & Johannes Lehmann.
2012. Nutrient Leaching in a Colombian Savanna Oxisol Amended with Biochar.
J. Environ. Qual. 41: 1076-1086.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1076.

e Novak, J.M. W.]. Busscher, D.L. Laird, M. Ahmedna, D.W. Watts & M.A.S.
Niandou. 2009. Impact of biochar amendment on fertility of a Southeastern
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Coastal Plain soil. Soil Sci. 174: 105-112.

e Novak, J.M., W.]. Busscher, D.W. Watts, D.A. Laird, M.A. Ahmedna, & M.A.S.
Niandou. 2010. Short-term CO2 mineralization after additions of biochar and
switchgrass to a Typic Kandiudult. Geoderma 154: 281-288.
http://www.sciencedirect.com/science/article/pii/S0016706109003322.

e Novak, J.M., W.]. Busscher, D.W. Watts, J.E. Amonette, J.A., Ippolito, I.M. Lima,
J. Gaskin, K.C. Das, C. Steiner, M. Ahmedna, D. Rehrah & H. Schomberg. 2012.
Biochars Impact on Soil-Moisture Storage in an Ultisol and Two Aridisols. Soil Sci
177: 310-320.

e Novak, J.M. & D.W. Watts. 2013. Augmenting soil water storage using uncharred
switchgrass and pyrolyzed biochars. Soil Use Manage. 29: 98-104.
http://onlinelibrary.wiley.com/doi/10.1111/sum.12026/abstract.

e Ogawa, M. &Y. Okimori. 2010. Pioneering works in biochar research. Japan. Soil
Res. 48: 489-500.
http://www.publish.csiro.au/?act=view_ file&file_id=SR10006.pdf.

e Qayyum, Muhammad Farooq, Diedrich Steffens, Hans Peter Reisenauer & Sven
Schubert. 2012. Kinetics of Carbon Mineralization of Biochars Compared with
Wheat Straw in Three Soils. J. Environ. Qual. 41: 1210-1220.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1210.

e Rogovska, N., P.D. Fleming, D.A. Laird, R.M. Cruse, T.B. Parkin & D. Meek.
2011. Impact of biochar on manure carbon stabilization and greenhouse gas
emissions. Soil Sci. Soc. Am. J. 75: 871-879.
https://www.soils.org/publications/sssaj/abstracts/75/3/871.

e Sarkhot, Deoyani V., Asmeret Asefaw Berhe & Teamrat A. Ghezzehei. 2012.
Impact of Biochar Enriched with Dairy Manure Effluent on Carbon and Nitrogen
Dynamics. J. Environ. Qual. 41: 1107-1114.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1107.

e Schnell, Ronnie W., Donald M. Vietor, Tony L. Provin, Clyde L. Munster & Sergio
Capareda. 2012. Capacity of Biochar Application to Maintain Energy Crop
Productivity: Soil Chemistry, Sorghum Growth, and Runoff Water Quality Effects.
J. Environ. Qual. 41: 1044-1051.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1044.

e Schomberg, Harry H., Julia W. Gaskin, Keith Harris, K.C. Das, Jeff M. Novak,
Warren J. Busscher, Don W. Watts, Robin H. Woodroof, Isabel M. Lima,
Mohamed Ahmedna, Djaafar Rehrah & Baoshan Xing. 2012. Influence of Biochar
on Nitrogen Fractions in a Coastal Plain Soil. J. Environ. Qual. 41: 1087-1095.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1087.
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e Sohi, S. P.; E. Krull, E. Lopez-Capel, R. Bol & E. Krull. 2010. A Review of Biochar
and Its Use and Function in Soil. Adv. Agron. 105: 47-52.
http://www.sciencedirect.com/science/article/pii/S0065211310050029.

e Tryon, E.H. 1948. Effect of charcoal on certain physical, chemical, and biological
properties of forest soils. Ecol. Monogr. 18: 81-115.
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.2307/1948629.

e Uchimiya, Minori, Keri B. Cantrell, Patrick G. Hunt, Jeffrey M. Novak & SeChin
Chang. 2012. Retention of Heavy Metals in a Typic Kandiudult Amended with
Different Manure-based Biochars. J. Environ. Qual. 41: 1138-1149.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1138.

e Wilhelm, W.W., J.M.F. Johnson, D.T. Lightle, N.W. Barbour, D.L. Karken, J.M.
Novak, N.W. Barbour, D.A. Laird, J.M. Baker, T.E. Ochsner, A.D. Halvorson,
D.W. Archer & F.J. Arriaga. 2011. Vertical Distribution of Corn Stover Dry Mass
Grown at Several U.S. Locations. BioEnergy Res. 2011. 4: 11-21.
http://link.springer.com/article/10.1007%2Fs12155-010-9097-z.

e Yoo, Gayoung & Hojeong Kang. 2012. Effects of Biochar Addition on Greenhouse
Gas Emissions and Microbial Responses in a Short-Term Laboratory Experiment.
J. Environ. Qual. 41: 1193-1202.
https://www.agronomy.org/publications/jeq/abstracts/41/4/1193.

e Zimmerman, A.R. 2010. Abiotic and Microbial Oxidation of Laboratory-Produced
Black Carbon (Biochar). Environ. Sci. Technol. 44: 1295-1301.
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status. (Not all prohibited bases apply to all programs.) Many materials can be made available in alternative formats
for ADA clients. To file a complaint of discrimination, write USDA, Office of Civil Rights, Room 326-W, Whitten
Building, 14th and Independence Avenue, SW, Washington, DC 20250-9410 or call 202-720-5964.

lowa State University Extension programs are available to all without regard to race, color, age, religion, national
origin, sexual orientation, gender identity, genetic information, sex, marital status, disability, or status as a U.S.
veteran. Inquiries can be directed to the Director of Equal Opportunity and Compliance, 3280 Beardshear Hall, (515)
294-7612. Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in cooperation
with the U.S. Department of Agriculture. Cooperative Extension Service, lowa State University of Science and
Technology, Ames, lowa.

USDA This project is supported by Agriculture and Food Research Initiative Competitive WWWw.cenusa.iastate.edu
'_"“-/" Grant No. 2011-68005-30411 from the National Institute of Food and Agriculture.


http://www.sciencedirect.com/science/article/pii/0960148196000067
http://www.sciencedirect.com/science/article/pii/0960148196000067
http://www.sciencedirect.com/science/article/pii/S0196890403001778
http://pubs.acs.org/doi/abs/10.1021/ef7002443
http://link.springer.com/chapter/10.1007/978-1-60327-181-3_78
http://www.sciencedirect.com/science/article/pii/S0196890406001701
http://www.cenusa.iastate.edu/
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