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Presentation Purpose

- Present key findings from a review of the 

literature surrounding soil organic matter 

(SOM) in bioretention systems.

- Convey information regarding the role of 

organic matter in soil and how it influences 

bioretention performance.

- Highlight research gaps and future scientific 

endeavours relating to bioretention filter 

media. 



Stormwater Runoff
- Flooding
- Erosion
- Sediment
- Dissolved 
Pollutants



Bioretention Systems

Great at 

some 

things, not 

so great at 

others…



Aims and Objectives

Literature Review Investigating:

- evidence for a minimum requirement of SOM necessary for 

the establishment of soil functional properties 

- compare common bioretention filter media guidelines of 

SOM to minimum requirement of SOM in accordance to the 

literature

- the benefits of soil functional properties provided by 

reaching minimum SOM requirements toward bioretention 

system performance

- the potential research gaps, recommendations and best 

management practices in light of the review.



Methods
- Literature Review to find minimum SOC thresholds for soil health

- Facility for Advancing Water Biofiltration (2009) (FAWB) 

recommendation for minimum SOM in bioretention systems = 3% 

wet weight SOM

- The van Bemmelen Conversion Factor 

Organic Matter % = Total Organic Carbon % x 1.724

(INVERSED)

Total Organic Carbon % = Organic Matter % x 0.58



Results and Discrepancies 
- Murphy (2014) and Krull et al (2004) conducted literature reviews 

surrounding the influence SOM has on soil functionality and mentioned 

multiple times a SOC level of 2% being a critical value for establishing a 

variety of key soil functional properties. 

- Loveland & Webb (2003) found 2% SOC being a critical value accounting for 

a large change in the functionality of soil properties.

- Parfitt et al (1995) suggested that a threshold value of 2% SOC being 

important when SOM provides the majority of a soils CEC.

- Esthetu et al (2004) showed a threshold limit for SOC influencing CEC when 

observing minimal differences in CEC functionality when SOC concentrations 

were below 2% . 

- Kay & Angers (1999) determined a SOC of 2% was necessary for aggregate 

stability, with a sharp decline in stability once SOC fell below 1.5%. 

- Yan et al, 2000 (2000) found that to maintain the biodiversity of microbial 

communities in soil, a level of 2% SOC needs to be maintained. 
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point to 2% 
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soil functional 

properties



Results and Discrepancies 

- The van Bemmelen Conversion Factor 

FAWB recommendation for minimum SOM = 3% wet 

weight SOM

Total Organic Carbon (%)  = Organic Matter (%) x 0.58

Total Organic Carbon (%) = 3 x 0.58 = 1.74%

Multiple 

sources

point to 2% 

SOC 

being essential

for a variety of

soil functional 

properties



Results and Discrepancies 

- Minimum SOC threshold for establish 

desirable soil functional properties = 2%. 

- FAWB minimum SOC after conversion = 

1.74% (1.5% using an updated 

conversion factor by Pribyl (2010)).

- But that’s not all…

FAWB SOC 

recommendatio

n exists below

the minimum 

2% SOC 

threshold



Results and Discrepancies 

- The conversion is technically wrong!

- Because wet weight rather than dry weight SOM 

was    used in the van Bemmelen Conversion 

Factor. To convert SOM to SOC, dry weight SOM 

must be used. 

- What about microbial respiration? SOC pools 

would reduce over time due to microbial 

respiration without a biomass input source (e.g

biomass accumulating plants).

The result of 

the conversion 

is a 

overestimation 

due to the fact 

a large portion 

of wet weight 

SOM contains 

moisture.



Soil Functional Properties

- Water Holding Capacity

- Cation Exchange Capacity

- Humus

- Soil Aggregation

- Soil Microbes

- Healthy Plant-Soil Relationships

What soil 

functional 

properties may 

help 

bioretention 

system 

performance?



Water Holding Capacity
More WHC = 

Less stormwater 

discharge and 

less nutrients /  

pollutants 

exiting the 

system. 



Cation Exchange Capacity
An increase in 

negative charge 

will lead to less 

leaching, more 

nutrient / 

pollutant 

retention and 

more nutrients 

for plants



Humus
The presence of 

humus has 

many benefits 

relating to 

carbon storage, 

WHC, and 

nutrient / 

pollutant 

retention. 



Soil Aggregates
The presence of 

abundant soil 

aggregates has 

many benefits 

relating to 

carbon storage, 

WHC and 

microbial health



Soil Microbiology
Abundant soil 

microbial life 

provides overall 

improvement in 

soil 

functionality, 

humus creation, 

nutrient supply, 

nutrient 

retention, and 

improves plant 

health.



Healthy Plant-Soil Relationships
Establishing a 

healthy plant-

soil relationship 

could generate 

OM, supply 

nutrients, 

reduce 

stormwater 

volume and 

improve 

bioretention 

performance. 



What about leaching?!?!

- Improving the amount of CEC and water retention in the 

soil would reduce the effects of leaching. Both of these 

parameters are linked to SOM, particularly in sandy soils

- Not all OM is the same, so when establishing a bioretention 

system, stable or resistant as opposed to labile OM should 

be used.

- Bioaccumulation strategies would likely work best when 

maintaining and increasing SOC pools as it is gradual and 

allows for soil media adaption to an increased nutrient load.  



Conclusion

- It is quite likely that SOC levels are below what is required, 

potentially having an influence on bioretention system 

performance.  

- Due to the extent at which the critical value of 2% SOC 

being mentioned throughout the literature, it may serve as a 

useful guide when specifying filter media or managing 

existing bioretention systems.

Increasing WHC 

via SOC could 

reduce leaching 

and water 

discharge. This 

would improve 

plant and 

ecosystem 

health.


