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Biochar and Crop Productivity 

 Often sold as a “win, win, win, win” solution  

 to help mitigate climate change  

 increase soil fertility  

provide bioenergy  

aid waste disposal 

 Can lead to impressive results with respect 

to crop productivity 



Source: International 

Biochar Initiative 



Extrapolation to Large Scales 

 Some studies have looked at possibility of 
large scale (global) application of biochar 

E.g. Woofe et al. (2011) Nature 
Communications 
 50 t ha-1 addition of biochar across soils 

 Extrapolating from some studies may lead 
to expectations of doubling of yield or 
more 

E.g. Kimetu et al.(2008) 



Extrapolation to Large Scales 

 Extrapolating from other studies may lead 

to expectations of reduction in yield 

E.g. Wisnubroto et al. (2010) 

 So, is it possible to get a “ball park figure” 

from data currently reported in the 

literature? 



Biochar Meta-analysis 



What is meta-analysis? 

 “a quantitative statistical analysis of 

several separate but similar experiments 

or studies in order to test the pooled data 

for statistical significance” 



Meta-analysis Database 

 Data compiled from primary literature and 

grey literature  

 Database is publically available at 

http://eusoils.jrc.ec.europa.eu/projects/Bio

char/ 

 

 

http://eusoils.jrc.ec.europa.eu/projects/Biochar/
http://eusoils.jrc.ec.europa.eu/projects/Biochar/


Studies Included 

 Range of biochar types, from different 

feedstocks, produced under different 

conditions 

 Range of crop types including wheat, rice, 

maize, soya as well as radish, satsuma 

and more 

 Range of soil types: texture, pH 



Application Rate (t ha-1) 



Crop Type 



Biochar Feedstock 



Liming Effect 



Publication Bias 

 A bias in what is published when compared to 

what is available to be published 

 Also known as the file drawer effect 

Results which are not found to be statistically 

significant and do not lead to rejection of the null 

hypothesis are consigned to the file drawer and 

are not published 

 Even a small number of studies consigned to 

the file drawer can lead to significant bias 



 Publication bias increases the possibility 

that an observed effect might not be an 

accurate reflection of the true effect 

 Including grey literature can help minimize 

publication bias, although this is not 

without controversy 

 i.e. The reason for the work not being 

published may be due to experimental design 

not being sufficiently robust etc. 



For Example… 

Focusing on the grand mean we have approx 

12% increase in crop productivity 



Inclusion of more studies which found no 

significant effect will reduce the magnitude (and 

increase the variance) of the grand mean result 



How many studies would need to be included 

to reduce the significance of the grand mean 

result to non-significance? 

i.e. 



Publication Bias? 

 Grey literature included to attempt to 

reduce possibility of publication bias 

 Statistical analysis confirmed that 

publication bias is unlikely to have 

significantly affected these results 

 i.e. “Fail Safe N” = 1483 



Updating the Meta-analysis 

 Included 8 more research papers 

published on effects of biochar on crop 

productivity 

 Only 2 out of 8 studies at temperate 

latitudes 

 Mainly rice, wheat and maize 

 



Crop Type Updated 

Change in Crop Productivity (%) 



Feedstock Updated 

Change in Crop Productivity (%) 



Structure versus Nutrients 

? 

? 

Change in Crop Productivity (%) 



Meta-analysis Requirements 

 Necessary to have mean and a measure 

of variance, ideally SD or SE 

 Auxiliary data; the more the better! 

E.g. soil type; texture; pH & CEC (before and 

after biochar application); crop type; fertilizer 

use, type and amount; biochar feedstock etc. 



Distribution of Study Sites by Latitude 

       Tropics and Sub 

tropics 

Number of Studies 

2       4       6       8  



Long Term Field Trials 

 Currently reported yield effects are for 1 

year in the majority of cases, up to 4 years 

in very few instances 

 Persistence of yield effects over the longer 

term are uncertain 

 If nutrient effect, likely to be short term 

Unclear whether biochar addition creates 

Terra preta like soils in terms of longevity of 

effects  

 



Conclusions 

 Grand mean increase in crop productivity 

of ~12% across studies 

 Lack long term studies 

 Lack of studies from temperate latitudes 

 Different feedstocks and soil types lead to 

different effects 

 There will almost certainly be no “one type 

fits all” biochar 
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