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  Artificial drainages from intensified agriculture led to 
significant amounts of non-point phosphorus loss,  
jeopardizing water quality and triggering harmful algal 
blooms (HABs).
  The goal of the project is to develop a circular nutrient 
system in which lost nutrients are captured and recycled 
back into the soils. To achieve this goal, we produced a 
novel designer biochar pellets and applied it into an edge 
of field treatment system to capture lost nutrients, 
especially dissolved reactive phosphorus (DRP), from 
tile drainage systems.

  In this study, we explored the the engineering-scale 
potential of designer biochar pellets with two different 
biochar particle sizes (2~3cm vs <1cm) for phosphorus 
loss reduction from tile-drain agroecosystems. 

Introduction and Goals

Results

Ø Designer biochar pellets could effectively capture DRP 
from drainage water,  in which the designer biochar 
pellets with a small particle size (~1 cm) was 
significantly higher compared to the larger biochar 
pellets. 

Ø Designer biochar pellets can reduce excess DRP losses 
from drainage water from 1.53 kg of DRP to 1.13 kg, 
could capture about 41% of DRP from drainage water. 

Ø The smaller particle size of the designer biochar pellets 
with a 20 mm pellet size needed 4 hours to reach its 
maximum sorption capacity. 

Ø By contrast, the biochar with less than 2 mm pellet size 
just needed 10 seconds for precipitation of dissolved 
phosphorus on designer biochar. 

Ongoing Study

Performing a large-scale field 
demonstration study to use a bioreactor-
biochar (B2) treatment system to capture 
excess nutrients from tile drainage 
system at the Nutrien Farm.

Experimental Design

Field Setup

Ø The laboratory evidence suggests that 
smaller designer biochar pellets 
increased the contact time and the 
surface area available for interaction 
with DRP.

Ø Field trials show that smaller size of 
designer biochar pellets could capture 
about 43% of DRP from drainage 
water. 

Conclusions

Experime
nt Timeline Biochar sizes Detailed information about the works

Phase I
05/13/2021 – 
11/04/2021

175days
2~3 cm

Each biochar-sorption chamber was 
filled with 10 kg of designer biochar 
and placed in the tile drainage.

Replaced the spent biochar pellets before new experiment

Phase II
11/04/2021 – 
07/12/2022
250 days

<1 cm

Each biochar-sorption chamber was 
filled with 13 kg of new designer 
biochar pellets and placed in the tile 
drainage


