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From Discovery to Market: Advancing Microbial Innovations
with N.C. PSI

Introduction

The N.C. Plant Sciences Initiative (N.C. PSI) at North Carolina State University brings together
interdisciplinary teams of scientists, cutting-edge facilities, and strong industry partnerships to
accelerate innovation in agriculture. For companies developing biological solutions, N.C. PSI
offers world-class expertise in the plant microbiome, microbial biocontrol agents, biostimulants,
and sustainable production systems. With state-of-the-art infrastructure and a collaborative
research model, N.C. PSI provides an end-to-end pipeline: from discovery of novel microbial
strains, to validation in controlled environments and field trials, to scale-up and product
development.

Research Areas and Faculty Expertise
Soil & Rhizosphere Microbiology
e Characterizing soil microbial communities that drive nutrient cycling and carbon storage.
e Studying the impacts of tillage, cover crops, and organic amendments on soil
microbiomes.
e Translating rhizosphere biology into deployable microbial solutions for soil health.

Faculty Highlights

o Alex Woodley (Crop & Soil Sciences) — Soil microbial dynamics in
agroecosystems; nutrient cycling and carbon sequestration.

o Debjani Sihi (Crop & Soil Sciences) — Soil biogeochemistry; microbial
processes controlling carbon and nitrogen cycling.

o Rubén Rellan-Alvarez (Molecular & Structural Biochemistry) —
Root-associated microbes and nutrient acquisition; microbiome—nutrition
interactions.

Fungal Biology & Pathogen Interactions
e Genomics and evolution of fungal plant pathogens.
e Discovery of fungal endophytes and mycorrhizae with biocontrol potential.
e |dentification of fungal metabolites that improve crop health or suppress pathogens.

Faculty Highlights
o Jean Ristaino (Entomology & Plant Pathology) — Epidemiology of soilborne
pathogens; Phytophthora and Ralstonia; strategies for pathogen suppression
through biologicals.
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o lIgnazio Carbone (Entomology & Plant Pathology) — Genomics of fungal
pathogens; computational discovery of secondary metabolites; microbial ecology
of toxin regulation.

Plant-Associated Bacteria & Microbiome Diversity
e Mapping bacterial diversity in plant microbiomes across ecosystems.
e Linking microbial traits to crop nutrition, stress tolerance, and resilience.
e Designing microbial consortia that enhance plant performance.

Faculty Highlights

o Mallory Choudoir (Entomology & Plant Pathology) — Bacterial diversity in
plant microbiomes; microbial biogeography; functional traits relevant to
biologicals.

o Terri Long (Plant & Microbial Biology) — Plant—-microbe nutrient signaling;
root-associated microbes improving nutrient uptake (iron, nitrogen).

o Christine Hawkes (Plant & Microbial Biology) — Plant—microbe interactions
and microbial ecology; fungal and bacterial community dynamics in the
rhizosphere.

Microbial Engineering & Synthetic Biology
e Engineering microbial strains for metabolite production and agricultural applications.
e Harnessing extremophiles and microbial enzymes for stress tolerance and bioproducts.
e Optimizing microbial systems for scalability and commercial use.

Faculty Highlights
o Amy Grunden (Plant & Microbial Biology) — Extremophile microbes and
enzymes; engineering microbial metabolism for stress tolerance.
o Manuel Kleiner (Plant & Microbial Biology) — Metagenomics and proteomics of
microbiomes; microbial interactions with plant hosts and nutrient cycling.

Formulation & Delivery of Microbial Products
e Developing stable formulations to improve shelf-life and field performance.
e Applying rheology and material science to microbial inoculants.
e Designing delivery systems that maintain viability and efficacy in diverse environments.

Faculty Highlights
o Saad Khan (Chemical & Biomolecular Engineering) — Formulation science
and rheology of biologicals; stabilization strategies for inoculants; novel delivery
systems.

Regulatory Science of Microbial Solutions
e Building regulatory science frameworks to support microbial biologicals.
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Studying risk assessment, product safety, and pathways for regulatory approval.
Engaging stakeholders (academia, industry, regulators, growers) to address barriers to
commercialization.

Faculty Highlights
o Danesha Seth Carley (Crop & Soil Sciences / CERSA Director) — Regulatory
science in agriculture; advancing regulatory frameworks for microbial biologicals;
connecting research with policy and commercialization.

Infrastructure Supporting Biologicals Partnerships

Plant Sciences Building (opened 2022)

185,000 sq. ft. of collaborative labs and innovation space designed for interdisciplinary
research.

State-of-the-art growth chambers and controlled environments to study plant—-microbe
interactions under reproducible conditions.

High-throughput phenotyping platforms to measure plant responses to microbial
inoculants (growth, stress tolerance, yield traits).

Flexible research pods where industry partners can colocate and collaborate with faculty
and students.

Phytotron

One of the most advanced controlled-environment facilities in the U.S.

Growth chambers and greenhouses with precise control over light, temperature,
humidity, and CO..

Enables replicated testing of microbial inoculants under simulated stress conditions (e.g.,
drought, heat, elevated CO:.).

Facilitates multi-crop, multi-season experiments to evaluate microbial product
consistency and performance.

Greenhouses & Controlled Environment Agriculture (CEA) Facilities

Research-scale greenhouses and indoor farms designed for crop production studies.
Ability to test microbial products under realistic commercial production conditions.
Useful for bridging discovery-stage research and field validation by assessing efficacy in
semi-commercial setups.

BTEC (Biomanufacturing Training and Education Center)

Pilot-scale fermentation and downstream processing facilities for microbial production.
Expertise in process development, scale-up, and tech transfer to industry manufacturing
partners.

Supports testing of fermentation efficiency, yield optimization, and stability of microbial
strains or consortia.
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e Access to trained staff and students with expertise in microbial bioprocessing.

North Carolina Agricultural Research Stations

e Statewide network of more than a dozen field sites across diverse soils, climates, and
cropping systems.

e Enables large-scale validation of microbial products under real-world agronomic
conditions.

e Offers both conventional and specialty crop test sites, providing flexibility for
broad-spectrum or crop-specific biologicals.

e Long-standing extension and farmer networks that support adoption of validated
products.

Genomics & Data Analytics Cores
e High-throughput sequencing, metabolomics, and proteomics to characterize microbial
strains and communities.
e Bioinformatics expertise for microbiome profiling, metagenomic analysis, and gene
function prediction.
e Integration of omics data with phenotyping to identify mechanisms of action and
performance indicators.

Analytical & Imaging Platforms
e Microscopy (confocal, electron, live-cell) to visualize microbial colonization of roots and
leaves.
e Metabolite and protein profiling to track microbial activity inside the plant and in the
rhizosphere.
e High-resolution imaging and quantitative analysis of plant—microbe interactions.

N.C. PSl in the AqgTech & Microbials Ecosystem of RTP

Strategic Location in Research Triangle Park (RTP)
e RTP is one of the largest ag biotech clusters in the world, home to multinational
companies, startups, CROs, and regulatory agencies.
e N.C. PSI connects directly into this ecosystem, providing companies with access to both
academic discovery and industry collaboration.

Proximity to Industry Leaders
e Global players in agricultural inputs, seeds, and microbial biologicals (e.g., BASF, Bayer,
Syngenta, Novozymes/Chr. Hansen, Pairwise) operate within 30 minutes of N.C. PSI.
e This proximity facilitates joint projects, industry—academic partnerships, and efficient tech
transfer.

Microbial & Biologicals Expertise in RTP
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e A strong concentration of companies and startups working on microbial biocontrol,
biostimulants, and next-generation ag inputs.

e N.C. PSI faculty and infrastructure provide the R&D, validation, and scale-up support
that complements these private-sector efforts.

Integration with Entrepreneurial & Startup Networks

e N.C. PSI works closely with NC State’s entrepreneurship ecosystem (e.g., AgTech
Collider, GATE, and Seed2Grow programs).

Collaborations with local accelerators, investors, and incubators support the launch and
growth of microbial startups.

Regulatory & Policy Engagement
e Through CERSA (Center of Excellence for Regulatory Science in Agriculture), N.C. PSI
bridges science, industry, and regulators.
e RTP’s proximity to EPA and USDA regional offices creates unique opportunities to
engage with regulators early in the product development process.

Workforce Development & Talent Pipeline
e Access to NC State’s students and postdocs, many of whom train in the Plant Sciences
Building, BTEC, and regulatory science programs.

e Provides companies with a steady pipeline of skilled talent in microbiology, fermentation,
formulation, and regulatory science.
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