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Objective:  

To assess change in soil phosphorus in wetland mesocosms with plant harvest and soil testing after 

cessation of phosphorus-dosed water. 

Abstract: 

This research assessed how student-designed mesocosms in Saint Paul have changed in the span 

of two years since experimentation on the effectiveness of biomass harvesting. Throughout 2017 

and 2018, each mesocosm tank was maintained regularly with 3.75 gallons of water containing 

0.06mg/L of phosphorus, and plants were harvested seasonally to assess how much phosphorus 

can be removed by each species. After 2018, the nutrient application and maintenance was 

discontinued. Soil and plant samples taken in summer and fall of 2020 indicate that soil phosphorus 

levels increased without fertilizer application and plant harvesting, and phosphorus contained in 

the plant matter decreased.  

Background:  

Each year, excess nutrients such as phosphorus and nitrogen are released in urban and farm 

runoff in large quantities which accumulates in lakes and streams. In Minnesota, approximately 

two thirds of the phosphorus load come from nonpoint sources, with cropland runoff accounting 



for a majority (Mulla, D. J., Gowda, P. H., & Runke, H., 2004). One potential option to reduce 

nutrient outsourcing is constructed treatment wetlands. Recent findings in southwest Minnesota 

have found that 76% of phosphates can be removed through this edge-of-field design, and it is 

estimated that removal rates can reach up to 85% depending on the climate and plant combination 

(Lenhart, C., Gordon, B., Gamble, J., Current, D., Ross, N., Herring, L., … Peterson, H., 2016). 

However, treatment wetlands are not commonly used by Midwestern farmers, and improved 

methods for maintenance are needed to capture excess phosphorus in the soil, also known as legacy 

P. Treatment wetlands contain plants which capture nutrients through root uptake. By harvesting 

this vegetation, we can reduce the amount of legacy P plants release back into the soil. This can 

ultimately make constructed wetlands a more practical and optimal approach to reducing 

eutrophication. (Lewis, W. M., Wurtsbaugh, W. A., & Paerl, H. W., 2011).  

During 2017-2018, phosphorus levels were measured before and after harvesting treatment 

wetland vegetation. In this experiment, phosphorus levels were compared primarily between the 

edge-of-the-field Granada treatment wetland and University of Minnesota mesocosm wetlands 

located in St Paul (Alsadi, N., 2019).  

Methods:  

  The mesocosm site was maintained on a weekly basis and plant and soil samples were 

collected for analysis from 14 randomly selected mesocosm tanks (Jiang, B., Mitsch, W.J., 2020).  

Each mesocosm contained Schoenoplectus tabernaemontani and Scirpus fluviatilis in the 

following arrangement:  



 Image Source: Alsadi, N. (2019) 

Maintenance of these tanks included weeding and watering during summer and fall season. To 

analyze the soil phosphorus, samples were collected from the top 6 inches of soil in each tank and 

pH levels were tested for each sample. Olsen Bicarbonate Extractable P (Olsen-P) tests were used 

for samples with pH levels greater than 7.4, and otherwise samples received the Bray-1 extractant 

test to assess soil phosphorus level. Significance testing was used to assess the change in 

phosphorus levels between the years 2017 and 2020 for each of the two species.  

Results: 

Between Fall 2018 and 2020, there was a significant increase of soil phosphorus in softstem 

bulrush ranging from 4 to 38mg/kg, with an average increase of 17.125±3.6 mg/kg P per tank. The 

river bulrush also observed an increase in soil phosphorus content. This value ranged from 0 to 

17mg/kg with an average increase of 7.16mg/kg P per tank (standard deviation of 3.5mg/kg).  

The results for river bulrush and softstem bulrush were not statistically significant within 5%.  



 

Figure 1: Soil phosphorus content for softstem bulrush 2017-2020 (Olsen-P tests) 

 

Figure 2: Soil phosphorus content for river bulrush 2017-2020 (Olsen-P tests) 

Results also indicated an overall decrease in percentage of phosphorus found in river bulrush and 

softstem bulrush between Fall 2018 and Fall 2020. In Fall 2018, the harvested river bulrush 

contained 0.26% P and the harvested softstem bulrush contained 0.3%. In 2020, the phosphorus 

content measured in plant matter declined with an average of 0.04% P in river bulrush and 0.06% 

P in softstem bulrush.  
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Discussion: 

As there was no fertilized water applied to the mesocosms between 2018 and 2020, the expected 

phosphorus levels were minimal. The increase in soil phosphorus content could be attributed to 

plant decomposition due to the lack of maintenance between the two years. Currently, based on 

the high increase in phosphorus levels as well as the observed change in plant composition in the 

mesocosms, regular maintenance or replanting would be recommended within the tanks.  

The St Paul mesocosms are a source for undergraduate and graduate research and understanding 

of wetland environments. Further research is important because it provides insight into how much 

phosphorus is collected in biomass during fall season. Research into this subject has the potential 

to improve recommendations for farmers who choose to use treatment wetlands to reduce the 

phosphorus load to nearby bodies of water from fertilizer runoff. This is becoming increasingly 

more important as agriculture runoff flows into the Mississippi River and downstream to the Gulf 

of Mexico and can cause harmful algal blooms (HABs) and dead zones. This effect has been 

worsening over time as climates warm in the Gulf region, devastating coast farmers and the ocean 

ecosystem. With improved practices, Midwestern states have the potential to reduce their nutrient 

losses, which is a crucial step towards addressing these HABs. 

UROP Evaluation: 

Due to COVID-19, many changes had to be made to the project to account for the timing of the 

growing season and academic delays. Despite this, I was able to collect the samples in the 

mesocosms and assist my mentor with collecting field samples for The Nature Conservancy and 

other students throughout the semester. It was a great opportunity to translate what I was learning 

in my online classes to field sites.  
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