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• A group of production systems that create a controlled 
environment to optimize horticultural practices and plant growth 
via technology-based approaches such as climate control, 
artificial lighting, precision irrigation, etc.

What is controlled environment agriculture [CEA]?
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Hydroponic System Types:

Nutrient Film Technique

Deep Water Culture Aeroponic

Ebb & Flow System
Source: Leaffin.com

Wick System

Drip 
System 3



What is “soilless substrate”?

• A soilless potting medium that is generally porous to 
retain aeration and moisture that the roots need to live 
and grow:

1. Supply oxygen, nutrients, and water to plant roots
2. Physically support the plant

• >18 soilless substrates to consider

Growing media

Solid substrate

Soilless support matrix

Soil-free cultivation matrix
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Rockwool Pine shavings Oasis Horticubes Coco coir Leca clayPeat
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What do we know and what do we 
need to know about indoor, soilless 

production of leafy greens?
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1. Risk of microbial contamination will vary during CEA production 
depending on leafy green crop, soilless substrate, and system 
selection along with horticultural management practices.

2. Most studies focused on Salmonella enterica subsp. enterica 
(n=22) and Shiga toxin-producing Escherichia coli (n=23) compared 
to Listeria monocytogenes (n=12).

3. No clear answer regarding the primary drivers in pathogen 
internalization risk within CEA-grown leafy green crops.

4. Studies within commercial scale CEA production systems with a 
focus on microbial risks are lacking.

5. No studies have addressed pathogen spread within the CEA built 
environment (e.g., environmental monitoring, cleaning and 
sanitizing, etc.)

What does the published literature say?
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What do researchers and extension educators say?
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Interviews with 25 indoor, soilless leafy greens operations 
highlighted that:

What does the industry need?
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Consider the materials provided:

1. Which of these system inputs are 
potential sources of pathogen 
contamination?

2. What additional information is 
needed to control these pathogen 
sources?

3. Where would you focus your efforts 
on food safety risk mitigation?

What does the AFDO audience think?
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Address needs using an incremental approach via collaboration 
across industry, academia, and regulatory:

Created with BioRender.com 
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Specific Food Safety Resources/Initiatives



Hydroponics and Aquaponics 
Existing Resources, Current Work & Plans

Factsheets Available
• Cleaning and Sanitizing
• Fish Health and Handling
• Harvest and Postharvest 

Handling
• Personal Health and Hygiene
• Wildlife and Domesticated 

Animals

go.uvm.edu/ponics
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