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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-515 

Proposal Title: Controlling Oxidative Stress Using Nanobiostimulants for Resilient Crops 

 

Project Manager Information 
Name: Christy Haynes 

Organization: U of MN - College of Science and Engineering 

Office Telephone: (612) 626-1096 

Email: chaynes@umn.edu 

 

Project Basic Information 
Project Summary: This collaborative project will use interdisciplinary research at the interface of plant pathology, 
nanotechnology, and chemistry to develop stress-resistant crops to enhance Minnesota food production. 

ENRTF Funds Requested: $688,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Land (F) 

 

Project Location 
What is the best scale for describing where your work will take place?   
 Statewide 

What is the best scale to describe the area impacted by your work?   
 Statewide 

When will the work impact occur?   
 In the Future 
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Narrative 
Describe the opportunity or problem your proposal seeks to address. Include any relevant background information. 

Agriculture in Minnesota and around the world is facing increasing pressures due to the frequency of challenges from 
extreme heat, drought, flood, cold, salinity, and disease. Agricultural production is projected to decrease up to 25% by as 
early as 2030 due to crop sensitivity to abiotic and biotic stressors. These conditions will also lead to increases in 
populations of pathogens and, therefore, greater infection potential and disease pressure on crop plants, while higher 
temperatures can suppress the immune response of plants to many pathogens. Current solutions to maintain 
production, including excessive nutrient and pesticide amendments and increased irrigation, have led to significant 
environmental problems, and water shortages will also increase going forward.  
 
This concurrence of abiotic and biotic stresses is predicted to result in major losses in agricultural production, 
threatening food and economic security. Strategies to mitigate the impacts of increasing environmental stressors on 
agriculture and food security have been suggested, including development of stress-tolerant genotypes of crops with 
enhanced resilience. Seeking proactive strategies that increase stress tolerance and resilience will be a critical tool for 
expanding Minnesota crop productivity as temperature and rainfall shifts or becomes more variable. 

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are 
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones. 

Plants have evolved sophisticated defense systems to combat pathogen attack and survive under marginal conditions. 
The response is dynamic and goes through stages depending on the stress type and intensity. There is an initial shock 
phase, an acclimation phase towards a new homeostasis, a maintenance phase, and if the plant is not able to adapt to 
the new stress condition or is overwhelmed, there is an exhaustion phase. However, plants can be “primed” to establish 
an enhanced defensive capability. This process can be referred to as “stress training,” which involves an initial modest 
stress stimuli and subsequent plant innate defense responses that are more rapid or stronger when another stressor is 
introduced later. 
 
Reactive oxygen species (ROS) are naturally occurring molecules that play a crucial role in abiotic and biotic stress 
sensing and response. ROS may be a stimulus that can trigger the desired systemic stress response, endowing plants 
with enhanced resistance to multiple stressors; however, the ROS are short-lived and cannot be delivered directly into 
crop plants. This project will examine how engineered nanoparticles (NPs) can be applied to increase plant health, 
agricultural production, and overall stress resilience through manipulation of ROS and oxidative stress. 

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation, 
and enhancement of the state’s natural resources?  

Upon completion, we will have new nanoparticle-based technologies for stress-training wheat to enhance crop 
resilience and production in Minnesota. The performance will be assessed in both drought- and disease-stress 
conditions in the greenhouse and the field. We will have the techno-economic feasibility to estimate the capital and 
operational cost to deploy the technology at typical Minnesota wheat production levels. This technology will protect the 
agricultural function of our natural resources and feed more Minnesotans while also contributing to conservation and 
preservation by decreasing the need for excessive pesticides and fertilizer, both of which have downstream negative 
impacts on our ecosystem. 
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Activities and Milestones 

Activity 1: Synthesize nanomaterials known to change oxidative stress patterns and manipulate the NM 
for initiation or quenching of ROS 
Activity Budget: $221,072 

Activity Description:  
The team will synthesize engineered NPs of five chemical compositions that fall into four categories: (1) redox-active 
ROS-inducing NPs, (2) non-redox-active ROS-inducing NPs, (3) redox-active ROS-quenching NPs, and (4) non-redox-active 
ROS-quenching NPs. For category 1, Fe3O4 nanomaterials will be synthesized using a coprecipitation method, and ZnO 
nanomaterials will be synthesized using hydrothermal microwave synthesis. Both Fe and Zn are elements that undergo 
redox transformation in water and are critical micronutrients for crops. In category 2, SiO2 nanoparticles offer a contrast 
to the Fe3O4 and ZnO nanomaterials because literature studies have shown plants exposed to SiO2 NPs have reduced 
expression of several stress-related genes. Category 3 requires synthesis and characterization of CeO2 NPs because they 
have been identified in a wide range of biological and biomedical applications as antioxidant NPs that manage excess 
ROS by shuttling between oxidation states. Finally, category 4 will focus on polymeric carbon dots (CDs). These CDs are 
not strictly redox-inactive, because they present various oxygen- and nitrogen-containing functional groups, but they 
don’t present the same redox-driven quenching performed by CeO2 nanoparticles. The redox activity and ROS 
production behavior for each NP will be assessed in model xylem and compared using electrochemical methods and 
fluorescence assays. 

Activity Milestones:  

Description Approximate 
Completion Date 

Synthesis of redox-active ROS-inducing nanomaterials and measurement of redox activity and ROS 
production 

October 31, 2027 

Synthesis of non-redox-active ROS-inducing nanomaterials and measurement of redox activity and ROS 
production 

December 31, 2027 

Synthesis of redox-active ROS-quenching nanomaterials and measurement of redox activity and ROS 
production 

March 31, 2028 

Synthesis of non-redox-active ROS-quenching nanomaterials and measurement of redox activity and 
ROS production 

June 30, 2028 

 

Activity 2: Measure the ability of the NPs to instigate ROS pathways in wheat growing under “no stress” 
conditions 
Activity Budget: $228,810 

Activity Description:  
ROS play a crucial role in abiotic and biotic stress sensing and response, and it is the balance of that response that 
underpins overall plant physiology and growth. The library of materials created in Activity 1 include four classes of 
materials specifically designed and tuned to control ROS homeostasis. Work in Activity 2 will evaluate those NPs' impact 
on the growth and physiology of wheat (Triticum aestivum) in “no stress” conditions (please see the visual provided for a 
depiction of the full plant study). A range of treatment scenarios (seed, foliar), growth conditions (greenhouse, field), 
and endpoints (growth, ROS, redox enzymes, yield) will enable a mechanistic understanding of plant response and 
provide design rules for optimal NP impact on plant performance. Results from a short-term screening study in the 
greenhouse (i.e. optimal seed exposure concentration, foliar exposure concentration, and number of days to perform a 
foliar exposure) will be used to identify the best NPs and concentrations for a longer-term full-life cycle study under "no 
stress" conditions. 
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Activity Milestones:  

Description Approximate 
Completion Date 

Seed exposure of wheat to NPs in short-term greenhouse screening study without stressors September 30, 2028 
Foliar exposure of wheat to NPs in short-term greenhouse screening study without stressors September 30, 2028 
Seed exposure of wheat to optimized NP doses in longer-term greenhouse study without stressors December 31, 2028 
Foliar exposure of wheat to optimized NP doses in longer-term greenhouse study without stressors December 31, 2028 

 

Activity 3: Measure the ability of the NPs to instigate ROS pathways in wheat growing under drought- 
and disease-stress conditions 
Activity Budget: $238,118 

Activity Description:  
Activity 3 will use the optimal methodology determined in Activity 2 for the full-life cycle of wheat plants (120 days) 
evaluating two stressors, drought and Fusarium head blight disease. Plants will be subjected to drought stress 
approximately half-way through their vegetative growth phase. This will start a 20-day drought characterized by a 20% 
soil moisture. Soil moisture will then be increased to 50% after 20 days. For disease stress, the soil will be inoculated 
with Fusarium via grain spawn. Controls will be designed as absolute control and negative control, which represent 
plants exposed to no NPs or abiotic/biotic stress, and exposed to no NPs but only abiotic/biotic stress, respectively. As 
NP performance is determined, technoeconomic analyses will be undertaken with the NPs and application regimes being 
compared to one another, as well as the range of standard wheat cultivation practices used in Minnesota. 

Activity Milestones:  

Description Approximate 
Completion Date 

Foliar and seed exposure of wheat to NPs in a greenhouse study with drought stress March 31, 2029 
Foliar and seed exposure of wheat to NPs in a greenhouse study with disease stress March 31, 2029 
Foliar and Seed exposure of wheat to NPs in a field study with applied stressors October 31, 2029 
Comparative technoeconomic analyses of each NP June 30, 2030 
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Project Partners and Collaborators 
Name Organization Role Receiving 

Funds 
Brian 
Steffenson 

University of 
Minnesota, 
Department of 
Plant 
Pathology 

Co-investigator responsible for plant and plant disease expertise and mentoring 
to the team 

Yes 

 

Dissemination 
Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical 
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.  
The progress and results of the proposed work will always acknowledge the Environment and Natural Resources Trust 
Fund either in written or logo form, or through verbal attribution. Scientific results will be shared through traditional 
academic means to support continued advancement among researchers in the field, by publishing in high-impact peer-
reviewed journals and presenting the results as part of seminar visits to other universities. Because this work will be of 
special interest to Minnesotans, both Profs. Haynes and Steffenson will make at least one seminar visit each funded year 
at a college or university within the state. The research team will also submit abstracts and join roundtable discussions 
to present at industry-relevant meetings being hosted within the state. Finally, we will leverage the events hosted by 
University of Minnesota Extension to interact directly with Minnesota farmers so that we can get their input on the 
technology as it is under development. Upon completion of this work, we will consider having a display table at the MN 
State Fair in the Driven to Discover exhibit to share the exciting results with a broad cross-section of the state. 

 

Long-Term Implementation and Funding 
Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as 
part of the project, how will findings, results, and products developed be implemented after project completion? If 
additional work is needed, how will this work be funded?  
The project will have broad impact in academia and industry. The results will provide fundamental knowledge on how 
critical Minnesota crop plants adapt to stress-training by using reactive oxygen species controlled by engineered 
nanoparticles. The possible applications will lead to enhanced crop production despite unexpected biotic and abiotic 
stressors. While wheat is the focus of this proposal, the approach will likely be applicable to other major crops in 
Minnesota. We will pursue long-term financial support via different regional and national programs (e.g., USDA National 
Institute of Food and Agriculture) or through commercialization with a new Minnesota start-up company. 

Other ENRTF Appropriations Awarded in the Last Six Years 
Name Appropriation Amount 

Awarded 
Phytoremediation of PFAS from Soil M.L. 2025, First Special Session, Chp. 1, Art. 2, Sec. 2, 

Subd. 08h 
$1,066,000 

 

Project Manager and Organization Qualifications 
Project Manager Name: Christy Haynes 

Job Title: Head, Department of Chemistry 
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Provide description of the project manager’s qualifications to manage the proposed project.  
Haynes just completed a leadership role for an 80-person federally funded research center (the NSF Center for 
Sustainable Nanotechnology, 2012-2025), is the current Department Head for the University of Minnesota Department 
of Chemistry, and has led her research group (of up to 20 people) since 2005. She has had extensive leadership training 
through various workshops and programs, focused on both academic and non-academic leadership and management. 

Organization: U of MN - College of Science and Engineering 

Organization Description:  
At the University of Minnesota, we consider our mission to advance the state of Minnesota while serving the people of 
the state, both in the research performed and the students trained. When we envision a better tomorrow, it includes 
weather-resilient crops and a healthy environment, unimpacted by the overuse of agrichemicals. We use science and 
engineering to find answers to Minnesota's and the world’s grand challenges and solve tomorrow’s problems. The 
faculty on this project come from two different colleges in the University of Minnesota (the College of Science and 
Engineering and the College of Food, Agriculture, and Natural Resource Science). This is a highly interdisciplinary project 
that leverages the collaborative environment that the University of Minnesota provides, including easy access to farm 
professionals via University of Minnesota Extension. Both colleges have a public impact through community engagement 
and extension efforts. Overall, we develop and deliver high-quality, regionally and nationally-recognized research-based 
programs to meet current and emerging needs of industry and communities while training the workforce of tomorrow. 
We also have a long-standing tradition of close partnerships with alumni, industry professionals, organizations, 
government agencies, donors, and community members that will amplify the utility of the project results. 
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Budget Summary 
Category / 
Name 

Subcategory 
or Type 

Description Purpose Gen. 
Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Faculty 
member 
(Haynes) 

 PI, leading the overall project as well as all 
nanomaterial synthesis and characterization 
(budget total includes salary and fringe) 

  36.6% 0.24  $106,710 

Faculty 
Member 
(Steffenson) 

 Co-I, leading greenhouse and field wheat studies 
(budget total includes salary and fringe) 

  36.6% 0.24  $60,145 

1.5 graduate 
students 

 Skilled Chemistry graduate students will design, 
synthesize, and characterize the engineered 
nanomaterials in the four different categories. They 
will also characterize the redox and reactive oxygen 
species-production or -quenching behavior in model 
xylem fluid. Finally, they will work closely with team 
members from the Steffenson lab to apply the 
nanomaterials to wheat studies. (Budget amount 
includes fringe and tuition.) 

  78.8% 4.5  $298,362 

Civil Service 
Researcher 

 Executes wheat studies in Steffenson group (total 
amount includes fringe) 

  32.3% 1.5  $136,818 

Undergraduate 
Researchers 

 Undergraduate researchers in the Haynes lab (0.5 
FTE) will support the nanoparticle synthesis and 
characterization efforts, while the undergraduate 
researcher in the Steffenson lab (0.02 FTEs) will 
provide minor support for the plant studies 

  0% 0.9  $30,382 

       Sub 
Total 

$632,417 

Contracts and 
Services 

        

       Sub 
Total 

- 

Equipment, 
Tools, and 
Supplies 

        

 Tools and 
Supplies 

All supplies for nanoparticle synthesis (chemicals, 
glassware, stir plates, etc), all supplies for 
nanoparticle characterization, including instrument 
use time (including transmission electron 
microscopy, dynamic light scattering, zeta potential, 

These are the items necessary to 
make, characterize, and deploy the 
engineered nanoparticles as 
proposed. 

    $50,924 
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and nitrogen physisorption measurements), and all 
supplies for greenhouse and field studies (including 
seeds, soil, greenhouse and field space and services) 

       Sub 
Total 

$50,924 

Capital 
Equipment 

        

       Sub 
Total 

- 

Acquisitions 
and 
Stewardship 

        

       Sub 
Total 

- 

Travel In 
Minnesota 

        

 Conference 
Registration 
Miles/ Meals/ 
Lodging 

1 trip per year per research group to share research 
progress at agriculture industry or Minnesota 
extension events 

Get input on the materials and 
processes under development and 
share success with end users. 

    $3,106 

       Sub 
Total 

$3,106 

Travel Outside 
Minnesota 

        

       Sub 
Total 

- 

Printing and 
Publication 

        

       Sub 
Total 

- 

Other 
Expenses 

        

  Repairs and Maintenance of Equipment Over the three year period, some 
elements of the nanoparticle 
synthesis equipment will require 
maintenance (e.g. micropipette 
calibration) and/or repair 

    $1,553 

       Sub 
Total 

$1,553 

       Grand 
Total 

$688,000 
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Classified Staff or Generally Ineligible Expenses 
Category/Name Subcategory or 

Type 
Description Justification Ineligible Expense or Classified Staff Request 
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Non ENRTF Funds 
Category Specific Source Use Status Amount 
State     
   State Sub 

Total 
- 

Non-State     
In-Kind Typically charged overhead/indirect costs for 

University of Minnesota research 
Pays for indirect costs such as laboratory space and furnishings, utilities 
costs, and financial and administrative support 

Pending $322,840 

   Non State 
Sub Total 

$322,840 

   Funds 
Total 

$322,840 

 

Total Project Cost: $1,010,840 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 0d7216c5-3f2.pdf 

Alternate Text for Visual Component 
The visual includes (top left) a schematic of the four classes of nanomaterials to be produced, (bottom left) how plants 
respond to reactive oxygen species, and (right) the design conditions for all plant experiments.... 

Supplemental Attachments 
Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other 

Title File 
Board Resolution Letter 89ff8765-5cf.pdf 

 

 

Administrative Use 
Does your project include restoration or acquisition of land rights?  
 No 

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by 
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota 
plan? 
 Yes, I understand the UMN Policy on travel applies. 

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue 
generation?  
 Yes 

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?  
 Yes 

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?  
 No 

Does your project include original, hypothesis-driven research?  
 Yes 

Does the organization have a fiscal agent for this project?  
 No 

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other 
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration? 
 No 

Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project 
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care, 
treatment, education, training, instruction, or recreation to children")? 
 No 

https://lccmrprojectmgmt.leg.mn/media/map/0d7216c5-3f2.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/89ff8765-5cf.pdf
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Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal: 

 Yoko Kofuji, University of Minnesota Sponsored Projects Administration 

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of 
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to 
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct 
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include 
competitive bidding and prevailing wage requirements 
 N/A 
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