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Defining Protected Agriculture 

Modifying natural 

environment of vegetable 

and fruit crops in order to 

extend their growing 

season and produce higher

yields. Includes structures 

such as greenhouses, high 

tunnels, low tunnels, 

shade structures and 

indoor agriculture systems.



Tunnel Fan and pad greenhouse

Shade structure Passively ventilated greenhouse



ÅIndoor farm 

ïVertical 

ïNon-vertical

ÅContainer farm

The Indoor Farming Industry

 (Dr. Celina Gomez, Purdue University)

Urban Ag News

Agritecture

MMJdaily

CNN

https://urbanagnews.com/tag/toyoki-kozai/
https://www.agritecture.com/blog/2019/11/3/meet-the-container-farm-helping-to-feed-dubai-community
https://www.mmjdaily.com/article/9218669/hvac-calculation-is-one-of-the-most-crucial-things-to-successfully-run-an-indoor-facility/
https://www.cnn.com/2019/12/09/asia/south-korea-vertical-farm-intl-c2e/index.html


Controlled environment agriculture (CEA)

CEA is an advanced and intensive 

form of hydroponically-based 

agriculture where plants grow within 

a controlled environment to 

optimize horticultural practices.

Need a sound knowledge of 

chemistry, horticulture, engineering, 

plant physiology, plant pathology, IT 

systems and entomology at a 

minimum.

Dr. Neil Mattson

Cornell University CEA



Hydroponic systems

Solution- only based

ÅNutrient film 

technique

ÅFloating systems

ÅVertical NFT type 

towers

ÅAeroponics

ÅEbb and flow

Soilless media based

ÅVertical pots

ÅLay flat bags or slabs

ÅUpright bags

ÅOpen troughs

ÅContainer (nursery pots)

ÅBato bucket, Dutch 

bucket

ÅEarth boxes

ÅMicrogreen mats (Sure 

to Grow, burlap)



Nutrient Film Technique



Microgreens- NFT Vertical NFT type towers 



Floating Systems:  Solution Culture



Floating lettuce 

beds-Solution only



Soilless Media Choices
Å Sand

Å Gravel, pea gravel, etc

Å Sawdust

Å Crop waste products: rice hulls, 

peanut hulls, cotton gin wastes, 

etc.

Å Peat moss, peat-lite mixes

Å Styrofoam beads (no longer used)

Å Perlite

Å Vermiculite

Å Pine Bark

Å Oasis foam cubes (granulate or 

phenolic resin)

Å Rockwool

Å Clay beads

Å Wood byproducts



Media:  Rockwool



Media: Perlite



Vermiculite



Media:  Pine Bark 



Media:  Coconut Coir or Fiber



Media:  Sphagnum Peat



Tomatoes, peppers and eggplant 

growing on lay flat coconut coir bags

Kale and tomatoes growing in 

composted pine bark

Chives growing in perlite bags



Microgreens on cloth/fiber media



Systems: Reservoir Containers



CEA Alliance

The best practices described in 
this document represent a 
current understanding of food 
safety risks and mitigations 
available to the fresh produce 
industry for controlled 
environment agriculture (CEA) 
production, with a focus on 
leafy green and herb 
production.



Assessing risks in hydroponic systems 

High Medium Low

Risk level

Overhead 

irrigation in 

any system

Drip irrigation in 

bato bucket 

systems or 

channels

Nutrient film 

technique and deep 

water culture 

LƭƛŎΣ {Φ ϧ LǾŜȅΣ aΦ IȅŘǊƻǇƻƴƛŎ D!tǎ ς DƻƻŘ ŀƎǊƛŎǳƭǘǳǊŀƭ  ǇǊŀŎǘƛŎŜǎ 
ŦƻǊ ŦƻƻŘ ǎŀŦŜǘȅ ƘȅŘǊƻǇƻƴƛŎ ŎǊƻǇǎ



Resources

Join Robert Hadad + 

Angela Shawôs monthly 

calls. Next call:

March 28- 3 pm

What CEA Food Safety 
Research Are You 
Currently Conducting?

Robert JcfcfҲuemail: 
rgh26@cornell.edu

rgh26@cornell.edu


