
Review

Is current biochar research addressing global soil constraints for
sustainable agriculture?

Dengxiao Zhanga,1, Ming Yana,1, Yaru Niua, Xiaoyu Liua, Lukas van Zwietena,b, De Chena,
Rongjun Biana, Kun Chenga, Lianqing Lia, Stephen Josepha,c, Jinwei Zhenga,
Xuhui Zhanga, Jufeng Zhenga, David Crowleya,d, Timothy R. Filleye, Genxing Pana,f,*
a Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China
bNSW Department of Primary Industries, Wollongbar, NSW 2477, Australia
c School of Materials Science and Engineering, University of New South Wales, Sydney, NSW 2052, Australia
dDepartment of Environmental Science, University of California, Riverside, CA 92521, USA
eDepartment of Earth, Atmospheric, and Planetary Sciences, Purdue University, West Lafayette, IN 47907, USA
fCenter of Terrestrial carbon sink and Land remediation, Zhejiang Agro-Forestry University, Lin’an, Zhejiang 311350, China

A R T I C L E I N F O

Article history:
Received 19 December 2015
Received in revised form 12 April 2016
Accepted 17 April 2016
Available online 8 May 2016

Keywords:
Biochar
Soil amendment
Soil constraints
Global perspective
Quantitative assessment
Sustainable agriculture

A B S T R A C T

Soil degradation is an increasing threat to the sustainability of agriculture worldwide. Use of biochar from
bio-wastes has been proposed as an option for improving soil fertility, degraded land restoration, and
mitigating the greenhouse gas emissions associated with agriculture. Over the past 10 years, there have
been hundreds of research studies on biochar from which it may be possible to determine appropriate
methods for use of biochar to improve sustainable agriculture. To address potential gaps in our
understanding of the role of biochar in agriculture, in this paper are reviewed the studies of 798
publications of field-, greenhouse- and laboratory-based biochar amendment soil experiments
conducted as of August, 2015. Here we report the findings from a quantitative assessment. The
majority of published studies have been performed in developed countries in soils that are less impaired
than those found in many developing countries. The majority of the works involves laboratory and
greenhouse pot experiments rather than field studies. Most published studies on biochar have used small
kiln or lab prepared biochars rather than commercial scale biochars. And, most studies utilize wood and
municipal waste feedstocks rather than crop residues though the later are often available in agriculture.
Overall, the lack of well-designed long-term field studies using biochar produced in commercial
processes, may be limiting our current understanding of biochar’s potential to enhance crop production
and mitigate climate change. We further recommend greater alliance between researchers and biochar
production facilities to foster the uptake of this important technology at a global scale.

ã 2016 Elsevier B.V. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2. Literature and data processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3. Research interests and experiment types of biochar soil studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4. Production conditions of biochar used in soil studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
5. General discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
6. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

* Corresponding author at: Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, 1 Weigang, Nanjing 210095, China.
E-mail address: pangenxing@aliyun.com (G. Pan).

1 These authors made equal contributions; DZ collected literature, and DZ and MY did data retrieval, analysis and prepared the first draft of the manuscript.

http://dx.doi.org/10.1016/j.agee.2016.04.010
0167-8809/ã 2016 Elsevier B.V. All rights reserved.

Agriculture, Ecosystems and Environment 226 (2016) 25–32

Contents lists available at ScienceDirect

Agriculture, Ecosystems and Environment

journal homepage: www.elsev ier .com/locate /agee

http://crossmark.crossref.org/dialog/?doi=10.1016/j.agee.2016.04.010&domain=pdf
mailto:pangenxing@aliyun.com
http://dx.doi.org/10.1016/j.agee.2016.04.010
http://dx.doi.org/10.1016/j.agee.2016.04.010
http://www.sciencedirect.com/science/journal/01678809
www.elsevier.com/locate/agee


1. Introduction

Biochar, a product of pyrolysis of residual biomass, may slow
carbon turnover in terrestrial ecosystems and thus enhance carbon
sequestration in soils (Lehmann et al., 2006; Lehmann, 2007).
Application of biochar to soils has been explored as a C-
management strategy with the global potential for sustainably
mitigating greenhouse gas (GHG) emission from agriculture while
treating biowastes for environment management (Woolf et al.,
2010). Although public and private sector groups have questioned
the practicality of global scaling of biochar production (Ernsting
and Smolker, 2009; POST-HP, 2010; Ernsting, 2011; Gurwick et al.,
2012), there has been an increasing interest in the potential that
biochar has for enhancing C sequestration and improving soil
fertility (Spokas et al., 2012), restoring degraded lands (Beesley
et al., 2011), and reducing GHG emissions in agriculture (Harter
et al., 2014; Troy et al., 2013; Cayuela et al., 2014). These benefits
provide the basis for recent calls for a broader, even global
upscaling of biochar use in agriculture (Cernansky, 2015).

Increasing soil carbon sequestration could provide additional
societal benefits by mitigating greenhouse gas production that
contributes to climate change and for increasing food security by
improving soil fertility (Lal, 2004; Smith and Gregory, 2013).
Furthermore, increasing the amount of stable organic carbon in
soils would enhance or restore ecosystem services and benefits
(Sohi, 2012; Banwart et al., 2014; Six and Paustian, 2014;
Halldórsson et al., 2014). Indeed, loss of soil fertility and crop
productivity, as a result of extensive soil degradation across the
world, has been increasingly recognized as a global challenge for
food security (Lal, 2008; Smith and Gregory, 2013). Soil degrada-
tion caused by acidification, salinity, compaction, loss of water
holding capacity, and decreased cation exchange capacity as a
result of soil organic matter depletion is increasingly constraining
global food production (Smith et al., 2015a) while also contributing
to accelerated climate change (Smith et al., 2015b). It is thus critical

for soil science to address the challenges of soil degradation and
sustainable agriculture in the context of a growing human
population.

There is a large and growing literature base on the effects of
biochar addition to soil conducted over a wide range of laboratory,
field, and greenhouse conditions. However, there is no concise
assessment of how these studies add to our knowledge of the
above mentioned global food and climate issues and if there is
sufficient information for policy makers/business developers to
adopt biochar production and use in a country or a region with
specific soil conditions and feedstocks. In this study, we examine
the current status of research on the role of biochar in alleviating
soil constraints for world agriculture, and address whether the lack
of systematic research is limiting broader adoption of this
technology. Sound information from reliable globally organized
studies, such as that facilitated by the International Biochar
Initiative and international working groups is no doubt critical to
assess the efficacy and safety of biochar technology and provide
policy makers, practitioners, and the business sector sufficient
information and rationale to advocate for its adoption and
commercialization. In this critical review, derived from a synthesis
and quantitative review of the existing studies on biochar
application in agriculture, we present our argument for the urgent
need to advance our knowledge and close information gaps that
could allow us to assess the economic, climatic, and environmental
conditions needed for a sustainable biochar-assisted agriculture.

2. Literature and data processing

A literature search and data collection was conducted via the
Web of Science (apps.webofknowledge.com), Elsevier Science
Direct (www.sciencedirect.com), Wiley-Blackwell (onlinelibrary.
com) and Google Scholar (scholar.google.com``). We searched the
literature published up to August, 2015, using the keyword
“biochar”. From the papers that were retrieved; we focused on

Fig. 1. Global distribution of biochar soil amendment studies (continent allocation in terms of laboratory, greenhouse and field studies).
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