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ABSTRACT 
 

Biochar, produced from waste materials has shown promise for increasing 
crop yields while simultaneously sequestering atmospheric carbon into soils.  
When this project began, little data was available about biochar effects under 
temperate-zone field conditions.  Therefore, the first goal of this project was to 
determine whether biochar can improve crop yields under Québec, Canada field 
conditions.  The results of a three-year field experiment demonstrate that biochar 
produced from softwood chips, applied at 20 Mg ha-1, increases yield and N 
uptake of corn by 14.2 and 18.2 %, respectively, while yield and N uptake of 
soybean and switchgrass were not affected by biochar soil amendment.  In order 
to further understand the mechanisms underlying the effects of biochar on corn 
yield and N uptake, two greenhouse experiments were conducted.   

In the first greenhouse experiment, biochar interactions with N fertilizer 
were examined to determine if biochar soil amendments improve N fertilizer 
recovery efficiency in temperate field soil.  Corn was grown on soil amended 
with factorial combinations of biochar rate (0 and 20 Mg ha-1) and N fertilizer (0, 
75, 150, 225 and 300 kg N ha-1).  Plants were harvested at (1) the mid-vegetative 
stage for analysis of root structure, root and shoot biomass, plant N uptake and 
plant available N in soil and (2) at tasseling for analysis of root and shoot 
biomass, plant N uptake and plant available N in soil.  Biochar increased soil 
available NH4-N, cation exchange capacity, root growth and root metabolic 
activity and N uptake at the R1 stage.  Fertilizer recovery efficiency was 
increased in the presence of biochar when N fertilizer was applied at 75 and 150 
kg N ha-1.  Biochar stimulated early root development, allowing plants to take 
advantage of increased NH4-N retention concentration in soil by biochar thereby 
increasing FRE at the R1 stage at lower application rates. 

In the final chapter, biochar properties (including nutrient contents and 
volatile and water-soluble organic compounds identified by DI-SPME and HS-
SPME) were linked to effects on plant growth using greenhouse and germination 
experiments along with redundancy analysis. Corn was grown in the greenhouse 
on soil amended with 26 Mg ha-1 softwood biochar produced at 500 ºC (PYR) or 
biosolids biochar produced at 270 ºC or 320 ºC (ALT and AHT, respectively). 
Plants were harvested at the V3 stage for analysis of root structure, root and shoot 
biomass, plant N uptake and plant available N in soil.  A germination assay 
assessed the importance of biochar characteristics on germination, root and shoot 
development after four days. ALT negatively affected root development and 
biomass accumulation due to high N and volatile matter contents.  AHT reduced 
root length due to a high H:C and volatile matter content but increased N 
mineralization in soil, biomass accumulation and N uptake in plants at the V3 
growth stage.  The high proportion of fixed C in PYR led to positive effects on 



root growth but did not alter biomass or N uptake.  Results suggest that PYR 
increases plant resilience to drought and nutrient stresses while ALT and AHT 
provide fertilization value and increase N uptake at the V3 growth stage.  

Overall, this project determined (1) a suitable softwood biochar application 
rate to increase corn yields under Québec climate conditions, (2) that biochar can 
contribute to increased fertilizer recovery efficiency in corn production for 
temperate soils and (3) how biochar properties alter corn root development and N 
uptake.  The benefits of this project include (1) increased corn yields in Québec, 
(2) improved fertilizer efficiency in Québec and (3) recycling of papermill and 
biosolid wastes; these aspects contribute to the economics of corn production and 
protection of the environment as a result of reduced N fertilizer application. 
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