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Presentation Notes
Clark Ecoscience and Sustainability Ltd. (CES) was founded in 2010. CES maximizes ecosystem services through native ecosystem conservation, restoration and rebuilding projects for citizens, industry, government, and non-profits. We are able to Design, grow, build, and care.




CHALLENGE

Ecosystem services provide benefits to 
humans
Ecosystem degradation - direct and 
indirect factors
Anthropogenic impacts may decrease 
ecosystem services by ≥ 69% (e.g., Worm 
et al. 2006).

Presenter
Presentation Notes
Ecosystem services are the benefits that we gain from the natural environment and from properly-functioning ecosystems such as water purification, carbon sequestration, and nutrient cycling.

Direct factors of ecosystem degradation include over harvesting, invasive species, habitat destruction, and indirect factors such as climate change and pollution can cause challenges with ecosystem service degradation. 



CHALLENGE

How can we reverse
ecosystem service 

degradation?

Focus on restoration 
of local habitats



BIODIVERSITY AND 
ECOSYSTEM SERVICES
Strong correlations between 
biodiversity and ecosystem services
↑ biodiversity leads to ↑ stability of that 
ecosystem, resulting in increased 
resilience and recovery rates (Hughes 
et al 2004, Ruesch et al 2005).

Restoration may increase 
ecosystem services and function  
by 25% (Rey-Benayas et al. 2009)



STORM WATER 
MANAGEMENT FACILITIES

Adapted From : http://kitsapcd.org/programs/raingarden-lid/what-is-lid

Turf Grass

PondDense Soils

Fertilizer Run-off 

Presenter
Presentation Notes
In nature, native ecosystems have deep soils for strong ecosystem services, whereas in conventional SWMF, structures consist of a pond surrounded by turf grass, and typically have dense soils, no diversity, and no connectivity to the surrounding environment. These facilities are typically high in nutrient run-off, as fertilizers are typically applied to the green sod, and those densely compacted soils restrict water soil movement and root penetration of vegetation.




STORM WATER 
MANAGEMENT FACILITIES

Native upland species

Native wetland species

Adapted From : http://kitsapcd.org/programs/raingarden-lid/what-is-lid

Presenter
Presentation Notes
Our aim is to go from that… to something like this, with diverse native upland and wetland vegetation. 



STORM WATER 
MANAGEMENT FACILITIES

Wastewater management
Flood protection

Ecological services

Desrochers SWMF

Presenter
Presentation Notes
Storm water facilities are being developed within new communities for waste water management, flood protection, water quality issues, and impacts of runoff on watershed ecology. They also provide ecological services to community members; specifically enhancing the liveability, attractiveness and bio-diversity in Edmonton.




STRATEGIES

Soil
•Organic Amendments: add 

nutrients AND organic matter
•Biochar

Presenter
Presentation Notes
In order to curtail the poor, compacted soil quality and increase native vegetation diversity on SWMFs, planting native vegetation and applying an organic soil amendment across the site will provide insight on how to maximize ecosystem services.

Organic amendments are used in restoration processes to add nutrients and organic matter which can enhance poor soil properties. Organic amendments can include manure, crop residue, wood chips and shavings, and biochar.




BIOCHAR

Photo: UC Davis Biochar Database

Can help retain nutrients

Carbon rich product

Low bulk density, 
high pore space; 
air and water 
storage

Presenter
Presentation Notes
In this research project, we chose to use an aspen derived biochar which is a carbon rich product produced through anaerobic thermal degradation of organic materials at temperatures less than 700°C, and is often produced specifically for application to soil for agronomic or environmental management purposes. Biochar characteristics vary based on the originating material used to make it; this can include forestry products, agricultural residue, or municipal waste products. Physical and chemical characteristics that may be used to evaluate biochar include pH, ash content, pore volume, and surface area (Sohi et al. 2010) and are used to determine the suitability of biochar for soil amendment use. 

Previous studies have shown that using biochar as a soil amendment can improve soil nutrient availability and retention, enhance vegetation growth, and improve various physical properties of soil including bulk surface area, pore size distribution and density which, in turn, affects the porosity and texture of the soil .



STRATEGIES

Soil

•Organic Amendments: add 
nutrients AND organic matter

•Biochar

Biodiversity

•Increases ecosystem services
•Nutrient uptake – Cd, NH4,NO3, 

phosphates, etc.

Presenter
Presentation Notes
Another strategy used for restoration is increasing the biodiversity on the site. We know that high levels of native biodiversity drive ecosystem function and the resulting services. 



BIODIVERSITY

Presenter
Presentation Notes
Biodiversity can increase fertilizer pollutant sequestration, Increase invasive species control, and increase metal and other pollutant sequestration, such as cadmium, nitrates, phosphates, mercury etc. 



EDMONTON, AB
DESROCHERS SWMF

0 t/ha 17 t/ha6 t/ha2 t/ha

Block 1Block 2

Block 3 Block 4

450 m2N

Native Vegetation

Turf grass

Presenter
Presentation Notes
This experiment takes place in southwest Edmonton, and was set up to determine the ecologically optimal levels of biochar and native vegetation diversity to maximize ecosystem services. You can see that above the pathway there is typical turf grass, whereas below the walkway towards the normal water line there are planted native shrubs, grasses, forbs, and wetland species.



EDMONTON, AB
DESROCHERS SWMF

0 t/ha 17 t/ha6 t/ha2 t/ha

Block 1Block 2

Block 3 Block 4

450 m2

Presenter
Presentation Notes
In 2015, we established four biochar concentration treatments, crossed with four vegetation biodiversity treatments for a total of 16 treatments, in a 4.2 hectare SWMF in the Desrochers development in Edmonton, Alberta. This project integrates four different high C:N biochar application rates to determine the optimal level, including 0 t/ha, the lower and upper limits of the natural range (2 t/ha and 6 t/ha) as well as an augmented range to maximize carbon storage and economic potential (17 Mg biochar/ ha). Each replicate’s area is estimated at ~ 450 square metre per block.  In August 2015 the biochar was applied with the initial soil construction. After one year, in August 2016, soil samples were collected across the area to determine biochar amendment retention in the soils. The vegetation treatments included two upland and two wetland plots; 1 with high diversity and 1 low diversity in each 2x3m2 area.



HYPOTHESES

1. Was there a biochar effect?
Did any organic carbon stay on 
the site after 1 year? 

2. Are there site anthropogenic 
or environmental factors 
affecting biochar levels?



PRELIMINARY RESULTS: 
BIOCHAR & CARBON

The addition of carbon to the soil has had a 
positive effect on total carbon
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Presentation Notes
There was positive correlation between soil carbon and the amount applied. You can see that one year later, the 17 T/ha treatment was highest in carbon compared to all other treatments.

Total Organic Carbon: Higher in 18 Mg/ha treatment compared to 0 and 2 Mg/ha.



PRELIMINARY RESULTS: 
UPLAND VS. WETLAND

Biochar amendment (Mg/ha)

Upland plots have higher TC and TN compared 
to wetland plots
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Presentation Notes
Comparing upland vs. wetland vegetation, we found that the upland plots have higher TC and TN compared to wetland plots. , Upland soil carbon concentration after charcoal installation was ~ two times higher than that found in the wetland soils; and the total nitrogen was ~15% higher in upland plots compared to wetland plots. 






PRELIMINARY RESULTS: 
C:N RATIO

Carbon increases = Nitrogen increases
Uplands ~10% more N than wetland
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Soil total nitrogen in the upper 15 cm of soils increased by 0.077 Mg ha-1 for each Mg C ha-1 found in the soils. Additionally, uplands are ~10% higher in nitrogen compared to the wetland plots. 

Charcoal amendments have improved soil C:N levels to those closer to natural forests. Natural forests in Canada with an upper Ae horizon, the equivalent to the upper 15 cm of the SWMF, have a C:N of 12.6  5.1, similar to that found in this SWMF (at 13). However, healthy forests with amended charcoal through past industrial activity can have C:N levels 20.9  4.1 (natural forests C:N of 13.3  2.3 Carrari et al 2016).  These increased soil carbon levels are improving site soil conditions.



CONCLUSIONS

Biochar can be used for soil 
management1.

Soil N was not driven by 
biochar2.

Biochar is stable in the upper 
soil horizon3.

Presenter
Presentation Notes
The majority of the amended soil carbon remains in the soils, demonstrating that it is an applicable tool for sustainable urban soil management. The upland soil had a strong positive correlation of total carbon and the applied level of biochar, but this correlation was not obvious with the thin 2 m range of wetland soils along the normal water line of the constructed structure. One key component identified is that inclusion of bulk density into the soil assessments of soil carbon increases the level of carbon estimates by as much as 20%. This is vital to note because for carbon storage must be presented accurately to maximize carbon credit economic benefits (Conte et al 2011).

Secondly, soil nitrogen was not driven by the biochar amendment. Large amounts of site variability affect total nitrogen uptake, but in the end, total nitrogen is highest at high levels of soil carbon and low levels of biochar. This suggests that the biochar may uptake additional available nitrogen into the future, or that vegetation may be uptaking higher levels (the vegetation has not been assessed yet). However, it is well established that higher C:N ratios through soil increases biodiversity and ecosystem services, which is occurring. Looks like the 17 Mg Ch ha-1 demonstrates that higher levels of biochar should be applied to achieve obvious carbon increases. 

Lastly, Biochar is stable in the upper soil horizon. Soil carbon levels where biochar was amended were higher than what was found within the lower soil horizon. This demonstrates soil carbon amendment stability during the first year, which in a rebuilt ecosystem SWMF is vital for return-on-investment. If we had found a large loss of biochar, then the return-on-investment would greatly reduce the economic return potential. However, here we have found that with proper application methods the biochar is maintained while the soil is at a level of instability – whereas the plants have not germinated and grown to stabilize the sites soils and the biochar within it. 





THANK 
YOU!
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