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PROJECT STATEMENT: 
The icy conditions of Minnesotan winters require aggressive applications of road salts to melt the snow and ice on sidewalks and roads. It is estimated that 365,000 tons of salt is sprinkled in the Twin Cities Metro Area each year 1. The continued contamination of salt can negatively affect the health of surrounding ecosystem. It is easy to leach into lakes, rivers, and groundwater, causing significantly increased salinity 2. Many lakes (for instance, Loring pond and Diamond lake) around Metro have already been reported the chloride concentrations consistently surpassing the environmental standard3 of 230 mg/L. High salt conditions can also negatively affect both plant growth and soil structure. Contaminated soil can affect up to 10 m off of a road side increasing soil density and alkalinity causing problems with erosion and vegetation 1. Similar to road salt, improper irrigation can also cause salt contamination. Irrigation waters tend to have high concentrations of calcium, magnesium, and sodium ions. Use of this brackish water, particularly without adequate drainage management, results in the accumulation of salts in the rooting zone of plants due to evapotranspiration. This typically results in substantial global agricultural and economic losses, sustenance issues for subsistence farmers, and ecosystem imbalances 4-5. Planting salt tolerant species can be one way to address this issue. For instance, Dr. Eric Watkins at the University of Minnesota is currently developing salt tolerant turf grasses so that they can grow better for roadsides 6. Another approach is to develop technologies to remove salt from the soil. This approach will not only address the challenge for the sustainable urban restoration of roadsides and waterways but also provide an opportunity to regain agricultural croplands, revitalize rural economy and increase global food security 2.
Phytoremediation is an emerging method to extract salts from the soil by utilizing the growth of certain plants and remove salts by harvesting the plant biomass. These plants are typical halophytes, which excrete salt ions through specialized leaf glands7. Phytoremediation has numerous advantages over the conventional techniques for salt remediation, such as removing the contaminated soil to landfill while replacing it with clean soil, leaching, chemical amendments, and organic amendments. Phytoremediation is environmental friendly than the landfill of affected soil since this soil will have the opportunity to be re-used. It can also be more easily applied and less costly than the leaching and amendment methods. The harvested halophytic plant biomass may have some industrial applications, for instance, serving as animal feed or energy source. 
Glasswort Salicornia rubra (S. rubra) is a succulent halophyte which is found growing in Kittson County, Minnesota. It grows on the saline areas such as salt flats, alkaline depressions, exposed shores of alkaline lakes, and saline swales 8. Despite not being commonly found in central Minnesota, recently S. rubra has been observed growing next to major highways in the Twin Cities 8. It is predicted that this is a result of the increased salinity of roadside soil, which is the ideal growing condition of S. rubra in its natural habitat. Since it is a native grass, S. rubra is suitable to MN climate and does not pose any economic threat to the local ecosystem. We believe that S. rubra has a great potential to be used for phytoremediation to remove and stabilize salts from the soil surrounding MN roads and lakes. S. rubra can uptake salts from the soil, bringing it into the above-ground plant tissues, and then reduce salt contamination through grass mowing and collection. This project will study the potential of S. rubra and other native species for the phytoremediation to remove salts from roadside soil and farmland 1.

II. PROJECT ACTIVITIES AND OUTCOMES
	Activity 1: Screening of native Minnesota halophytic plants
	Budget: $119,000


We first want to study the halophytic plant inventory and screen more native species via lab growth tests for phytoremediation purpose. Around 200 distinct halophytic species are reported in the U.S., growing in coastal and inland regions 9. Several studies have been done on these plant species, covering wide ranges of topics including halophyte ecology and physiology, and their utilization in farming systems. MNDNR publishes on their website about all the plant species living in the state of MN and we will compare with the reference to identify more halophytic species 8 suitable for MN conditions. We will grow some plants in the lab to screen more species that are native in MN and suitable to grow on the roadside. S. rubra and other potential specimen will be planted under varying salt concentrations to study optimal growing conditions. The plants will be kept in the same room with lights placed over the pots to simulate day and night. Plant height and leaf chlorophyll will be measured every 10 days. Salt content of the biomass will be measured after two month of growth at each conditions to determine the best candidate for road salt removal from soil.
	Outcome
	Completion Date

	1.  Select halophyte plants with the ability to grow in MN 
	Year 1 - 01/2021

	2.  Screen halophyte plants with lab growth for salt removal capability
	Year 1 - 05/2021

	
Activity 2: Plant growth test on salt-affected soil
	
Budget: $122,000


We will consult with MNDOT to identify a slot of area for some pilot plant growing tests. The selected specimen from the lab tests will be planted in the spring on this pilot testing lot and monitored for the entire growing season. Based on the literature, it will take S. rubra 2-3 weeks before they grow to the market height and it is expected the plants can keep removing salts when the grass is mowed and collected. We will measure the plant biomass, nitrogen (TN), phosphorus (TP and PO4-P), and the salt concentration in the shoots, roots, and soil. We will use this information to develop an implementation plan for how this species will be added into current regional seed mixtures for plantation diversity and how to maintain their growth. The plan will also consider effects of this species on the roadside stabilization and safety, a better outcome for NPDES permit compliance for obtaining a uniform, perennial cover, changes to standard specification for construction activities, structural root system enhancement that increase the shear resistance for reducing soil slides, flood overtopping stability, etc. 
	Outcome
	Completion Date

	1. Pilot plant growth in a field
	Year 2 – 12/2021

	2. Evaluation and analysis of samples for pilot growth study  
	Year 2 – 05/2022

	
Activity 3: Develop possible utilization of harvested plant biomass
	
Budget: $127,000


It is important to find a utilization of the biomass in order to cover the cost of harvest, and provide an economically sustainable solution. We will study the utilization of the biomass for animal feed supplement, energy source, and for recycled road salts after ashing. S. rubra has been reported as the ingredient supplement to improve the flavor and nutrition of the animal feed. The plant biomass will be analyzed for its feed value, including the following parameters: gross energy, fiber, total protein and amino acid profile, phosphate, lipids, and possible accumulation of heavy metals. The plant biomass can also be combusted for heat and power, meanwhile the ash can be recycled as the road salts.
	Outcome
	Completion Date

	1. Biomass characterization for possible applications
	Year 3 - 01/2023

	2. Business strategies for how to adopt this plant for road side applications
	Year 3 - 06/2023



III. PROJECT STRATEGY
[bookmark: _GoBack]A. Project Team/Partners: The team includes Professor Bo Hu and his postdoc researcher from the Department of Bioproducts and Biosystems Engineering Department, University of Minnesota. We are partnering with the MN Department of Transportation for our field study.
B. Project Impact and Long-Term Strategy: The project will have a broad impact on both academia and industry. The results will provide fundamental knowledge on how these native plants mobilize and excrete salt in the soil.  The possible applications will lead to sustainable developments in road salt management and agricultural practices, and alleviate the deteriorating conditions related to road salt application and improper irrigation.
C. Timeline Requirements: The project will be completed in 3 years, with the first year for growing testing and lab-scale study and the following years for on-site field trials to evaluate success in the field and further develop implementation technologies.  
IV. LONG-TERM IMPLEMENTATION AND FUNDING: With completion of the project, we will partner with MNDOT to implement the technology to apply the technology in the statewide roadside maintenance. 
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