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General Information
Proposal ID: 2027-364

Proposal Title: Minnesota Microbes as Living Fertilizers

Project Manager Information

Name: Daniel Bond
Organization: U of MN - College of Biological Sciences
Office Telephone: (651) 247-3805

Email: dbond@umn.edu

Project Basic Information

Project Summary: We will isolate Minnesota microbes capable of naturally capturing nitrogen from the air and enhance
their abilities to act as living fertilizers in crops and small scale production

ENRTF Funds Requested: $399,000
Proposed Project Completion: July 31, 2030

LCCMR Funding Category: Energy (E)

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



Narrative

Describe the opportunity or problem your proposal seeks to address. Include any relevant background information.

Nitrogen is essential for high crop yields, but requires significant energy for production, making it the most costly and
tightly managed nutrient used by farmers. Since 2020, nitrogen fertilizer prices have increased as much as 200%, and
Minnesota remains dependent on import from nearby states and Canda. Statewide rules restrict when and where
nitrogen fertilizers can be applied, and dictate additional interventions to prevent nitrogen losses to water and air.
Solutions are needed that address rising costs and increasing regulatory complexity. A new microbial approach is
emerging based on beneficial soil bacteria that overproduce enzymes able to capture nitrogen from the air and release it
near plant roots. Under optimal conditions, these can already replace over 40 lbs of N per acre. However, the organisms
being developed for this application cannot function under the wet, cold, iron-rich, or oxygen-poor conditions present in
many Minnesota soils. In addition, none of these microbes can be economically scaled for production in reactors that
could someday replace chemical sources. For this approach to thrive, and represent a local source of fertilizer, we must
understand how to overproduce nitrogen in native microbes.

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.

We have identified a new class of microbe with the capacity for nitrogen overproduction. These bacteria thrive in low-
oxygen environments, and are uniquely able to take advantage of Minnesota’s high-iron soils. Our recent work produced
the first examples where laboratory models release ammonia nitrogen at levels utilizable by plant roots. Unlike all
nitrogen-producing microbes being developed for fertilizer production, the organisms we study will also grow in simple
water-based reactors, powered by renewable electricity instead of expensive sugar feedstocks. This means nitrogen
fertilizer could potentially be produced locally, without large chemical plants or long-distant transport. Our project will
perform the first bioprospecting for highly effective strains native to Minnesota that can be the basis for living fertilizers
and local production. How nitrogen production is regulated in these wild strains will then be determined. Modifications
known to improve nitrogen release will be introduced, and nitrogen synthesis rates quantified in both model soil and
reactor conditions. Coordination with regional farmers will investigate specific needs and barriers to future adoption of
this approach. This technology has the potential to reduce nitrogen input costs and regulatory burdens statewide.

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?

Successful completion of this work will result in a biological method for producing nitrogen using microbes adapted to
Minnesota soils. This approach could reduce dependence on global energy fluctuations, using local source material that
can be shared or licensed. Improved nitrogen management would support protection of Minnesota’s water resources
and soil health. The next steps would be trials with agricultural crops or in lowland areas to test persistence and cost-
effectiveness, while monitoring nitrogen release for regulatory approval.



Activities and Milestones

Activity 1: Bioprospect for active native organisms and engage with future users
Activity Budget: $164,138

Activity Description:

We will obtain sampling permits for habitats likely to contain our target bacteria, including Cedar Creek Science Reserve,
Itasca State Park, and Lake Vermillion-Soudan State Park. We will also isolate from lowland and flood prone agricultural
soils, as well as anaerobic waste treatment digestors managed by the Agricultural Utilization Resources Institute (AURI).
Bacteria will be enriched and isolated using our specially designed reactors, under conditions that mimic low-oxygen
soils that demand high nitrogen production rates. Isolates will be tested for versatility and tolerance of fluctuating
conditions, and their nitrogen production capacity quantified. Best candidates will be sequenced and utilized for
improvement in Activity 2. During sampling visits and follow-up engagement sessions facilitated by AURI, we will identify
specific fertilizer timing and regulatory needs specific to crops and watershed areas we feel could be most immediately
affected.

Activity Milestones:

Description Approximate
Completion Date
Sampling Minnesota preserves, agricultural areas, and anaerobic digestors July 31, 2028
Identification of most robust and versatile strains for improvement July 31, 2029
Identification of users and one-on-one engagement with stakeholders to understand technology needs July 31, 2030

Activity 2: Identify mechanisms that enhance nitrogen production abilities, and enhance Minnesota-
based strains

Activity Budget: $234,862

Activity Description:

Our research uncovered key checkpoints that regulate nitrogen production in a type of bacteria not currently utilized in
agricultural production. For example, we identified an enzyme tasked with ‘switching off’ nitrogen synthesis when
ammonia levels rise, and another used by these organisms to recognize ammonia in the environment. Removal of these
processes results in strains that do not switch off and instead become overactive in nitrogen capture. This causes them
to secrete ammonia. Using laboratory models grown under low-oxygen conditions with iron or in reactors, we will
screen for additional regulatory steps that can be modified through similar removals. This approach does not introduce
foreign DNA or lead to other genetic modifications. As new Minnesota strains become available from our isolation
activities, we will sequence their genomes and quantify how their gene expression differs from known strains. This will
allow us to locate similar checkpoints for removal. Finally, we will test how modifications enhance ammonia secretion in
low oxygen/high iron conditions simulating wet soils. Reactor experiments will simulate production for a local
hydroponic use case.

Activity Milestones:

Description Approximate
Completion Date
Screen laboratory strains for new checkpoints regulating nitrogen production July 31, 2028
Identify checkpoints in new Minnesota strains and test effects of removal July 31, 2029
Quantify nitrogen fertilizer production rates in soil-like and reactor-like conditions July 31, 2030




Project Partners and Collaborators

Name Organization Role Receiving
Funds
AURI The The AURI develops value-added uses for agricultural products. It provides applied | No
Agricultural research, techno-economic analysis, and technology demonstrations while
Utilization connecting innovators with farmers, processors, and manufacturers. AURI has
Research unique laboratory capabilities and business expertise to move new agricultural
Institute technologies toward commercialization.
Dr. Jeffrey University of A Professor in Plant and Microbial Biology and the BioTechnology Institute, Dr. No
Gralnick Minnesota Gralnick is also Associate Dean for Faculty and Research. An expert in
metabolism of bacteria described in this proposal, he will contribute to high-
throughput genetic analysis and understanding how these organisms function in
more complex ecosystems

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.
Project results will be shared with researchers, agricultural producers, and resource managers. Scientific findings will be
published in peer-reviewed journals and presented at regional conferences. Results relevant to fertilizer management
and soil conservation will be exchanged with Minnesota farmers through collaboration with AURI and during our
sampling missions. Data generated during the project, including microbial strains and genome sequences will be
deposited in publicly accessible databases with clear documentation of the source and ownership of the material. We
have experience with this documentation, having previously deposited unique Minnesota bacteria obtained by permit
from the Soudan Mine. Plain-language summaries of project progress and outcomes will be shared through university
websites and public outreach events that acknowledge ENRTF support.

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?

We will pursue two paths for implementation. Through outreach efforts, we will discuss paths to commercialization
based on the specific costs and needs of stakeholders. These efforts will be led through our collaboration with the
Agricultural Utilization Resources Institute (AURI) with a goal of identifying data needed by both growers and regulatory
agencies. These experiments will also be used to acquire additional federally supported research aimed at
understanding the core regulatory network that is the bottleneck to nitrogen production in these organisms.

Project Manager and Organization Qualifications

Project Manager Name: Daniel Bond
Job Title: Professor of Microbiology

Provide description of the project manager’s qualifications to manage the proposed project.

Daniel Bond has degrees in both Animal Nutrition and Microbiology, and has led a productive research laboratory at the
University of Minnesota since 2004. He currently is a Professor in the Department of Plant and Microbial Biology and the
BioTechnology Institute in Saint Paul. His research into how bacteria process metals such as iron and manganese in the
environment led to the discovery that bacteria could also produce electricity using the same biological mechanisms,
allowing them to be grown in reactors using renewable energy. His laboratory pioneered techniques for studying iron-
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and electricity-processing bacteria and genetically altering their abilities. Dr. Bond conducts work on these unique
bacteria in sites across Minnesota, from iron-rich seeps in Itasca State Park to underground in the Soudan Iron Mine. His
laboratory contains specialized equipment invented by students at UMN that can isolate, grow, and measure activity by
bacteria under low-oxygen conditions that will make this work possible. He has collaborated with both Dr. Gralnick at
UMN and Dr. Gosse at AURI, and has experience with patent development and technology transfer.

Organization: U of MN - College of Biological Sciences

Organization Description:

The College of Biological Sciences hosts our faculty, researchers, and facilities, and is home to our University of
Minnesota BioTechnology Institute (BTI) located on the St. Paul campus. BTl is comprised of 45 faculty whose labs focus
on diverse applications of biology to address societal problems. The Institute provides ample access to lab space to
perform the research described in this proposal. It also provides administrative support including, but not limited to,
Human Resources, Accounting/Finance, and General Administration. Researchers working on this project will be situated
in an ideal environment where they will be routinely exposed to the latest advancements in the field of biotechnology.



Budget Summary

Category / Subcategory Description Purpose Gen. | % # Class | $ Amount
Name or Type Ineli | Bene FTE | ified
gible | fits Staff?
Personnel
Faculty Project Manager 27% | 0.24 $51,065
Scientist Postdoctoral researcher 20.69% 3 $245,550
Sub $296,615
Total
Contracts
and Services
Sub -
Total
Equipment,
Tools, and
Supplies
Tools and Laboratory supplies, reagents, enzymes, DNA Consumable laboratory supplies $90,760
Supplies sequencing, compressed gasses
Sub $90,760
Total
Capital
Equipment
Sub -
Total
Acquisitions
and
Stewardship
Sub -
Total
Travel In
Minnesota
Miles/ Meals/ | Bioprospecting to sites across Minnesota, based on Evaluate sites and obtain samples $7,125
Lodging average round trip mileage of 200 miles, overnight
stay, 1-2 scientists. Up to 8 in first year, 4 in second.
Sub $7,125
Total
Travel
Outside
Minnesota
Sub -

Total




Printing and

Publication
Publication Dissemination of results in open source journals Publications $4,500

Sub $4,500
Total

Other

Expenses
Sub -
Total
Grand $399,000

Total




Classified Staff or Generally Ineligible Expenses

Category/Name Subcategory or Description Justification Ineligible Expense or Classified Staff Request
Type




Non ENRTF Funds

Category | Specific Source Use Status Amount

State

In-Kind Indirect costs covered by UMN Administration and facilities Secured $215,460
State Sub $215,460
Total

Non-State
Non State -
Sub Total
Funds $215,460
Total

Total Project Cost: $614,460

This amount accurately reflects total project cost?
Yes




Attachments

Required Attachments

Visual Component
File: b96ac103-c2f.pdf

Alternate Text for Visual Component
[llustration of energy inputs for industrial vs. in-soil fertilizer production, and map of key locations to be sampled in
Minnesota...

Supplemental Attachments

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

Title File
Proposal Submission Approval Letter b22a347c-e0f.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, | 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?
Yes, Sponsored Projects Administration

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
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https://lccmrprojectmgmt.leg.mn/media/map/b96ac103-c2f.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/b22a347c-e0f.pdf

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal:
Lori Nicol, College of Biological Sciences, UMN

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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