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Biochar reduces N20 emissions from soils: A meta-analysis

Michael Schirrmann (1), Maria Luz Cayuela (2), Teresa Fuertes-Mendizéabal (3), José-Maria Estavillo (3), Jim
Ippolito (4), Kurt Spokas (5), Jeff Novak (6), Claudia Kammann (7), Nicole Wrage-Monnig (8), and Nils
Borchard (9)

(1) Leibniz Institute for Agricultural Engineering and Bioeconomy, Max-Eyth-Allee 100, 14469 Potsdam, Germany
(mschirrmann @atb-potsdam.de), (2) Department of Soil and Water Conservation and Waste Management. CEBAS-CSIC.
Campus Universitario de Espinardo. 30100 Murcia. Spain, (3) University of the Basque Country (UPV/EHU), Department of
Plant Biology and Ecology, Apdo.644, E-48080 Bilbao, Spain, (4) Department of Soil and Crop Sciences, C127 Plant Sciences
Building, Colorado State University,Fort Collins, CO, 80523-1170, USA, (5) United States Department of Agriculture,
Agriculture Research Service, Soil & Water Management Research Unit, 439 Borlaug Hall, 1991 Buford Circle, University of
Minnesota, St. Paul, Minnesota.55108, USA, (6) United States Department of Agriculture, Agriculture Research Service,
Coastal Plains Research Center, 2611 West Lucas Street, Florence, SC, 29501, USA, (7) Geisenheim University, Department
of Soil Science and Plant Nutrition, Von-Lade-Straf3e 1, 65366 Geisenheim, Germany, (8) University of Rostock, Faculty of
Agricultural and Environmental Sciences, Grassland and Fodder Sciences, Justus-von-Liebig-Weg 6, 18059 Rostock,
Germany, (9) Center for International Forestry Research, Jalan CIFOR, Situ Gede, Sindang Barang, Bogor 16115, Indonesia

Global efforts to mitigate climate change and to increase food security are challenging. Technologies that reduce
greenhouse gas emissions from agriculture while increasing crop yields simultaneously are not well characterized
for their efficiency. For instance, biochar used to sequester carbon and to increase crop yields also alters the
soil nitrogen cycle. This in turn affects N20 emissions from soil, where N2O has a higher global warming
potential than emitted CO,. However, the mechanisms of biochar regarding the N20O emission process are not
well understood due to complex interactions between soil organic and inorganic materials and their impact on
the physical soil structure. To further understand the complex relationship, a single experimental study may not
provide critical answers.

Therefore, we conducted a meta-analysis by reviewing literature published between 2010 and 2016 that focused
on N20 emission from soils amended with biochars. A meta-analysis is a quantitative technique that allows
estimating an overall treatment effect from many divergent research experiments. In our case, we included 92
publications that contained a total of 437 comparisons between biochar treated soils and biochar non-treated
soils. We used a random effects model and bootstrapping with 1000 intervals to estimate the general percentage
increase or decrease of N20 emission through biochar amendment. Our results showed that biochar treatment
leads to a significant decrease of N2O emissions between 33% and 45%. This promising result highlights the
need to increase investigations to more fully assess (i) the multitude of mechanisms involved in the observed N20O
emission reductions such as soil pH changes, alterations in the soil microbial community and soil N cycling, a
shift in the ratio of denitrifier end products (N20/(N20+N2) ratio) or nitrate capture by biochar particles, and (ii)
the impact of biochar characteristics, soil properties and land use types on the multiple mechanisms controlling
N20 emissions.



