
Mini Review
Volume 9 Issue 4 - June  2018
DOI: 10.19080/AIBM.2018.09.555770

Adv Biotech & Micro
Copyright © All rights are reserved by Wenqiao Yuan

The Role of Biochar in Sustainable Agriculture and 
Environment: Promising but Inconsistent
Wenqiao Yuan1*, Xiangang Meng2* and Arthur James3

1Department of Biological and Agricultural Engineering, North Carolina State University, USA
2School of Chemical and Biological Engineering of Lanzhou Jiaotong University, PR China
3Department of Mechanical Engineering, Universidad Tecnológica de Panamá, Panama

Submission: January 30, 2018; Published: June 08, 2018

*Corresponding author: Wenqiao Yuan, Department of Biological and Agricultural Engineering, North Carolina State University, 265 Weaver Labs, 
3110 Faucette Drive, Raleigh, NC27695, USA, Tel: ; Fax: 919-515-9476; Email: 

Xiangang Meng, School of Chemical and Biological Engineering of Lanzhou Jiaotong University, Lanzhou, Gansu Province, PR China, 730070,  
Tel: ; Email: 

Adv Biotech & Micro 9(4): AIBM.MS.ID.555770 (2018) 0089

Introduction
Biochar, an end- or co-product of biomass thermochemical 

conversion processes, has been identified as a key strategy 
to sequester carbon, produce energy, increase soil and crop 
productivity, and improve environmental quality [1-4]. The 
application of biochar to soil contributes to the sequestration 
of carbon because carbon captured from the atmosphere by 
the biomass is eventually retained in the soil. In addition, the 
utilization of biochar may improves oil quality because of its 
sorption capabilities that help to retain nutrients and promote 
the growth of microorganisms in the soil. Due to its high surface 
area, biochar can promote the retention of nutrients within 
its micro-pores. As result, the needed rate of fertilizers can be 
reduced, which impacts the environment and agro-economy in a 
positive way. Biochar may also increase water retention, reduce 
leaching of nutrients and lower the acidity of the soil [5,6]. 

Biochar Effects on Soil Properties and Crop Production
However, field studies have shown mixed effects of biochar 

on crop production. Crop yields may [7] or may not [8] increase 
with the application of biochar. This can depend on soil type and 
fertilizer management. Studies have also shown mixed effects 
of biochar applications on soil physical and biological quality. 
Busscher et al. [9] found that addition of pecan shell biochar 
to loamy sand reduced soil penetration resistance, but had no 
effects on soil aggregate stability and water infiltration. Chan et 
al. [10] reported that tensile strength of soil cores decreased, 
suggesting that biochar application can reduce risks of soil 
compaction.

Biochar Effects on Greenhouse Gas (GHG) Emissions
The effect of biochar addition on GHG emissions, including 

CO2, CH4 and N2O, has also been broadly reported with some  
 

 
varied results. Studies have generally shown a consistent 
reduction in N2O emission [11]. In contrast to the decrease in 
N2O emission, in most cases, a wide variation in the rates of CO2 
emissions from soils treated with biochar has been reported in 
the literature. A 100-day incubation study conducted by Spokas 
& Reicosky [12] demonstrated that when three different soil 
types were amended with 16 types of biochars, three kinds of 
effects were observed. This included repression, no change, 
and stimulation of CO2 respiration due to biochar addition. The 
emissions of CH4 in soils are considered to be repressed due to 
biochar amendment in most cases. Liu et al. [13] observed that 
CH4 emission from the paddy soil amended with biochar was 
reduced by 91.2%, compared with those without biochar. In 
contrast to these findings showing methane emission reduction, 
Castaldi et al. [14] investigated the impact of biochar application 
to a Mediterranean wheat crop on greenhouse gas fluxes, and 
concluded no significant differences of CH4 fluxes among 
different biochar treatments and the control.

What are Missing?
As previously described, biochar has the potential to 

improve the sustainability of agriculture and environment. 
However, inconsistent results are often found in literature. One 
important reason is that biochars are not all the same. Biochars 
produced from different feedstocks (e.g., woody biomass vs. 
crop residues), different processes (e.g., slow pyrolysis vs. fast 
pyrolysis vs. gasification), or different operating conditions 
(e.g., airflow rate, biomass particle size, moisture content) may 
have significantly different properties [15]. Once applied to 
soils, such vastly different biochars may result in inconsistent 
conclusions about GHG emissions and crop performance. The 
authors suggest that standards regarding biochar properties 
should be established. Another reason is that the way biochar 
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is applied can vary significantly based on the type of soil and 
the application rate of biochar. Opposite effects of biochar can be 
observed on clay and sand. It is apparent to expect that the water 
retention capability of clay may not be improved by biochar 
application, however, sand will benefit significantly by adding 
biochar to keep moisture in the micropores. On the other hand, 
biochar can help clay to reduce soil compaction, but the benefit 
may be negligible in sand. The results are also dependent on 
the application rate of biochar. A previous study demonstrated 
that 2% biochar added to sand helped sand retain moisture and 
supported algal growth, however, more than 2% biochar did 
not show any positive effects [16]. Thus, biochar application 
procedures should be considered for comparable results.

References
1. Clough T, Condron L,Kammann C, Müller C (2013) A review of biochar 

and soil nitrogen dynamics. Agronomy 3(2): 275-293.

2. Clough T, Condron L (2010) Biochar and the nitrogen cycle: 
Introduction. Journal of Environmental Quality 39(4): 1218-1223.

3. Qian K, Kumar A, Zhang H, Bellmer D, Huhnke R (2015) Recent 
advances in utilization of biochar. Renewable and Sustainable Energy 
Reviews 42: 1055-1064.

4. Hua L, Wu W, Liu Y, Mc Bride M, Chen Y (2009) Reduction of 
nitrogen loss and Cu and Zn mobility during sludge composting with 
bamboo charcoal amendment. Environmental Science and Pollution 
Research 16(1): 1-9.

5. Downie A, Crosky A, Munroe P (2009) Physical properties of 
biochar. Biochar for environmental management: Science and 
technology, pp. 13-32.

6. Winsley P (2007) Biochar and bioenergy production for climate 
change mitigation. New Zealand Science Review 64(1): 5-10.

7. Asai H, Samson B, Stephan H, Songyi khangsuthor K, Homma K, et al. 
(2009) Biochar amendment techniques for upland rice production in 
northern laos 1. soil physical properties, leaf SPAD and grain yield. 
Field Crops Res 111(1-2): 81-84.

8. Gaskin J, Speir R, Harris K, Das K, Lee R, et al. (2010) Effect of peanut 
hull and pine chip biochar on soil nutrients, corn nutrient status, and 
yield. Agron J 102: 623-633.

9. Busscher W, Novak J, Evans D, Watts D, Niandou M, et al. (2010) 
Influence of Pecan Biochar on Physical Properties of a Norfolk Loamy 
Sand Soil Sci 175(1): 10-14.

10. Chan K, Van Zwieten L, MeszarosI, DownieA, Joseph S (2008) Using 
poultry litter biochars as soil amendments. Aust J Soil Res 46(5): 437-
444.

11. Chen H, Yuan Y, Yuan W, Williams D, Walker J, et al. (2017) Is biochar-
manure co-compost a better solution for soil health improvement and 
N2O emissions mitigation? Soil Biology and Biochemistry 113: 14-25.

12. Rondon M, Lehmann J, Ramírez J, Hurtado M (2007) Biological nitrogen 
fixation by common beans (Phaseolus vulgaris L.) increases with bio-
char additions. Biology and Fertility of Soils 43(6): 699-708.

13. Zhang A, Bian R, Pan G, Cui L, Hussain Q, et al. (2012) Effects of biochar 
amendment on soil quality, crop yield and greenhouse gas emission 
in a Chinese rice paddy: a field study of 2 consecutive rice growing 
cycles. Field Crops Research 127: 153-160.

14. Castaldi S, Riondino M, Baronti S, Esposito F, Marzaioli R, et al. (2011) 
Impact of biochar application to a Mediterranean wheat crop on soil 
microbial activity and greenhouse gas fluxes. Chemosphere 85(9): 
1464-1471.

15. James A, YuanW, Boyette M, Wang D, Kumar A (2016) Characterization 
of biochar from rice hulls and wood chips produced in a top-lit updraft 
biomass gasifier. Transactions of the Asabe 59(3): 749-756.

16. Meng X, Yuan W(2014) Can biochar couple with algae to deal with 

desertification? JSBS 4(3): 194-198.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                      Track the below URL for one-step submission 
               https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/AIBM.2018.09.555770

http://dx.doi.org/10.19080/AIBM.2018.09.555770
http://www.mdpi.com/2073-4395/3/2/275
http://www.mdpi.com/2073-4395/3/2/275
https://www.ncbi.nlm.nih.gov/pubmed/20830909
https://www.ncbi.nlm.nih.gov/pubmed/20830909
https://www.sciencedirect.com/science/article/pii/S1364032114008995
https://www.sciencedirect.com/science/article/pii/S1364032114008995
https://www.sciencedirect.com/science/article/pii/S1364032114008995
https://www.ncbi.nlm.nih.gov/pubmed/18751746
https://www.ncbi.nlm.nih.gov/pubmed/18751746
https://www.ncbi.nlm.nih.gov/pubmed/18751746
https://www.ncbi.nlm.nih.gov/pubmed/18751746
http://www.biochar-international.org/projects/book
http://www.biochar-international.org/projects/book
http://www.biochar-international.org/projects/book
http://www.biochar-international.org/sites/default/files/Biochar_NZ_doc.pdf
http://www.biochar-international.org/sites/default/files/Biochar_NZ_doc.pdf
https://www.sciencedirect.com/science/article/pii/S0378429008002141
https://www.sciencedirect.com/science/article/pii/S0378429008002141
https://www.sciencedirect.com/science/article/pii/S0378429008002141
https://www.sciencedirect.com/science/article/pii/S0378429008002141
http://agris.fao.org/agris-search/search.do?recordID=US201301815270
http://agris.fao.org/agris-search/search.do?recordID=US201301815270
http://agris.fao.org/agris-search/search.do?recordID=US201301815270
https://insights.ovid.com/crossref?an=00010694-201001000-00003
https://insights.ovid.com/crossref?an=00010694-201001000-00003
https://insights.ovid.com/crossref?an=00010694-201001000-00003
https://www.publish.csiro.au/sr/sr08036
https://www.publish.csiro.au/sr/sr08036
https://www.publish.csiro.au/sr/sr08036
https://www.sciencedirect.com/science/article/pii/S0038071717302031
https://www.sciencedirect.com/science/article/pii/S0038071717302031
https://www.sciencedirect.com/science/article/pii/S0038071717302031
https://link.springer.com/article/10.1007/s00374-006-0152-z
https://link.springer.com/article/10.1007/s00374-006-0152-z
https://link.springer.com/article/10.1007/s00374-006-0152-z
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.ncbi.nlm.nih.gov/pubmed/21944041
https://www.ncbi.nlm.nih.gov/pubmed/21944041
https://www.ncbi.nlm.nih.gov/pubmed/21944041
https://www.ncbi.nlm.nih.gov/pubmed/21944041
http://krex.k-state.edu/dspace/handle/2097/35276
http://krex.k-state.edu/dspace/handle/2097/35276
http://krex.k-state.edu/dspace/handle/2097/35276
http://www.scirp.org/journal/PaperInformation.aspx?paperID=50268
http://www.scirp.org/journal/PaperInformation.aspx?paperID=50268
https://juniperpublishers.com/online-submission.php
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.19080/AIBM.2018.09.555770

	The Role of Biochar in Sustainable Agriculture and Environment: Promising but Inconsistent
	Introduction
	Biochar Effects on Soil Properties and Crop Production
	Biochar Effects on Greenhouse Gas (GHG) Emissions
	What are Missing?
	References

