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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, e
shade structures and e
Indoor agriculture systems.
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The Indoor Farming Industry
(Dr. Celina Gomez, Purdue University)
* indoor farm
— Vertical
— Non-vertical

 Container farm



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
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Controlled environment agriculture (CEA)
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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
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Hydroponic systems

Solution- only based Soilless media based

* Nutrient film » Vertical pots
technique » Lay flat bags or slabs

» Floating systems * Upright bags

» Vertical NFT type ' Cc)pen troughs
tOWers ontainer (nursery pots)

. « Bato bucket, Dutch
* Aeroponics bucket
¢ Ebb and ﬂOW e Earth boxes

* Microgreen mats (Sure
to Grow, burlap)
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Nutrient Film Technique

MFT Method
(Mutrient Film Techmique)

Flutrient
Reservoir
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Vertical NFT type towers Microgreens- NFT
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Floating Systems: Solution Culture
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Soilless Media Choices
« Sand

« Gravel, pea gravel, etc

e Sawdust

« Crop waste products: rice hulls,
peanut hulls, cotton gin wastes,
etc.

« Peat moss, peat-lite mixes

« Styrofoam beads (no longer used)
* Perlite

* Vermiculite

* Pine Bark

« Oasis foam cubes (granulate or
phenolic resin)

* Rockwool
« Clay beads
* Wood byproducts
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Media: Rockwool
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Media: Perlite
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Vermiculite

%

oy W
3 \‘;A\mv

p %
< .““
> LT

o
- - *

Y Horticulturs
j | VERMICULITE J

. "\
% 1
A, :N‘ e '
o 'T"f\\';-/ f\\ @y

”-. b
it
v 0 S

7

2

-
"L~—

» '-/" "_‘4 y ' \.‘lé



=
=
2]
oc
L
=
=
=)
=
=
»n
(=]
=

Bark

Ine

P

Media




NC STATE UNIVERSITY

Media: Coconut Coir or Fiber
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Media: Sphagnum Peat
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Kale and tomatoes growing in
composted pine bark
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Tomatoes, peppers and eggplant
growing on lay flat coconut coir bags
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Microgreens on cloth/fiber media
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Systems: Reservoir Containers
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CEA Alllance

October 2023

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.

' CEA/[l%

I |ALLIANCE

Controlled Environment
Agriculture (CEA) Alliance

NNNNNNNNNNNNN

PRQEUCE - Incooperation with the

International Fresh
Produce Association
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Assessing risks in hydroponic systems

Risk level
;39
@'»\ °:

op T
Overhead ' ¥l e
irrigation in Drip irrigation in
any system Nutrient film bato bucket

technique and deep systems or
channels

water culture

llic, S. & Ivey, M. Hydroponic GAPs — Good agricultural practices
for food safety hydroponic crops
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Resources

Join Robert Hadad +
Angela Shaw’s monthly
calls. Next call:

March 28- 3 pm

What CEA Food Safety
Research Are You
Currently Conducting?

Robert Hadad's email:
reh26@cornell.edu
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International Journal of Food Microbiology 411 (2024) 110546

Contents lists available at ScienceDirect

A comprehensive —
examination of
microbial hazards and 2
risks during indoor

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/ijffoodmicro

Ghack for.

A comprehensive examination of microbial hazards and risks during indoor %=
soilless leafy green production

Zeynal Topalcengiz ™", Sahaana Chandran®, Kristen E. Gibson ™

* Department of Food Science, Center for Food Safety, Unwzrslty of Arkansas System Division of Agriculture, Fayetieville, AR 72704, USA

® Department of Food Engineering, Faculty of Mug Alparslan University, 49250 Mus, Tiirkiye
.
SOI eSS ea reen R .
Keywords: Produce grown under controlled environment agriculture (CEA) is often assumed to have a reduced risk of
Pathogen ransfer pathogen contamination due to the low chance of exposure to outdoor contaminant factors. However, the 2021
Intemalization outbreak and recalls of CEA-g; lettuce and mi d the possibility of pathogen
Pre-harvest i duction during indoor production when there is a failure in the implementation of food safety management

systems. Indoor production of commercial leafy greens, such as lettuce and microgreens, is performed across a
range of protective structures from primitive household setups to advanced and partially automatized growing
systems. Indoor production systems include hydroponic, aquaponic, and aeroponic configurations. Hydroponic
systems such as deep water culture and nutrient film technique comprised of various engineering designs
represent the main system types used by growers. Depending on the type of leafy green, the soilless substrate, and
system selection, risk of microbial contamination will vary during indoor production. In this literature review,
science-based pathogen contamination risks and mitigation strategies for indoor production of microgreens and

L]
Post-harvest
roduction s
Controlled environment agriculture

more mature leafy greens are discussed during both pre-harvest and post-harvest stages of production.

1. Introduction

Food crop production in controlled environments is an increasingly
important sector of the U.S. and global agricultural systems. According
to the United States Department of Agriculture (USDA) 2019 Census of
Horticultural Specialties, sales from “food crops grown under protec-
tion” were roughly $700 million in the U.S. (United States De,
culture - National Agricultural Statistics Service (USD.
/IJ)I} These crops primarily include tomatoes, lettuce, cucu.mhers,
peppers, berries, and herbs and account for 54 % of the total production
(cwt) of these crops in the U.S. (United States Department of Agriculture

National Agricultural Statistics Service (USDA-NASS), 2021). Globally,
countries such as the Netherlands, Canada, Spain, China, South Korea,
and United Arab Emirates (UAE) cultivate a significant volume of pro-
duce within controlled environment agriculture (CEA) systems
contributing to the USD $37.7 billion market value for these crops
(Research and Markets, 2022), In the Netherlands, nearly 24,000 acres
(~9,700 ha) of crops, including leaf lettuces, are grown in greenhouses
(Reiley, 2022). Meanwhile, Spain has 75,000 ha of greenhouse pro-
duction space dedicated mainly to tomatoes, peppers, and cucumbers

(Di Past 2023). Moreover, UAE is hosts the world's largest vertical
farm (Emirates Crop One or ECO 1) which spans a production area of
approximately 30,700 m” and can produce >1 million kilograms of leafy
greens annually (Tesorero, 2023).

Controlled environment agriculture takes advantage of technologies
and automation to modify pmducrlon climates, shield crops from biotic
and abiotic stresses, and opti envi al factors that maxi
plant yield and quality. Greenhouses and indoor warehouses or shipping
containers are common CEA structures, and hydroponics, soilless sub-
strate culture, and vertical farming systems are common CEA growing
techniques. Common terms used when discussing CEA along with their
definitions are provided in Table 1. While CEA can offer many advan-
tages over traditional farming, such as increased yields, year-round
production regardless of external weather conditions, reduced water
use, and protection from pests, it also presents unique challenges related
to food safety.

Foodborne pathogens can enter and spread through CEA similar to
field-grown crops via: (i) contaminated water or nutrient solution, (ii)
unsanitary equipment, (iii) contaminated incoming materials such as
seeds or plant materials, (iv) employees and staff, and (v) insects and

* G ding author at: De of Food Science, University of Arkansas, 1371 West Altheimer Dr., Fayetteville, AR 72704, USA.

E-mail address: keg005@uark.edu (K.E. Gibson).

https://doi.org/10.1016/j.i 1110546

Received 14 August 2023; Reci ved in revised form 26 October 2023; Accepted 16 December 2023

Available online 24 December 2023
0168-1605/© 2023 Elsevier B.V. All rights reserved.
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Journal of Food Protection 86 (2023) 100190

Contents lists available at ScienceDirect

Cultivating Food Safety Together:
Insights About the Future of
Produce Safety in the U.S. Cuig vt sty T g e e 8
Controlled Environment . .

Agriculture Sector

Journal of Food Protection

journal homepage: www.elsevier.com/locate/jfp

Allyson N. Hamilton ', Kristen E. Gibson ', Mary Anne Amalaradjou °, Christopher W. Callahan °,
Patricia D. Millner %, Sanja Ilic °, Melanie L. Lewis Ivey °, Angela M. Shaw "+

! Department of Food Science, Center for Food Safety, University of Arkansas System Division of Agriculture, 1371 West Altheimer Dr, Fayetteville, AR 72704, USA
2 Department of Animal Sclence, University of Connecticut, George White Bldg, Room 212 B, Storrs, CT 06169 USA

*UVM Extension, College of Agriculture and Life Sciences, The Universicy of Vermont, PO Box 559, Bennington VT 05201, USA

* Environmental Microbal & Food Safety Lab, 10300 Baltimore Avenue Building 001 BARC-West, Room 140, Beltsville, MD 20705, USA

® Hurman Nutrition, Department of Human Sciences, College of Education and Human Ecology, The Ohio State University, Columbus, OH 43210, USA

© Department of Plant Pathology College of Food, Agriculture and Environmental Sciences, The Ohio State University, Wooster, OH 44691, USA

7 Department of Animal and Food Sciences, Texas Tech University, Box 42141, Lubbock, TX 79409, USA

ARTICLE INFO ABSTRACT

Keywords: Controlled environment agriculture (CEA) is a rapidly growing sector that presents unique challenges and
Contral environment agriculture opportunities in ensuring food safety. This manuscript highlights critical gaps and needs to promote food safety
Extension needs in CEA systems as identified by (n=47) at the ing to Advance Future Extension

Produce Safety and Research (S.A.F.ER.) CEA conference held in April 2023 at The Ohio State University’s Ohio CEA
Research needs Research Center. Feedback collected at the conference was analyzed using an emergent thematic analysis
approach to determine key areas of focus. Research-based guidance is specific to the type of commodity, pro-
duction system type, and size. Themes include the need for improved supply chain control, cleaning, and san-
itization practices, pathogen preventive controls and mitigation methods and training and education.

cussions surrounding supply chain control underscored the signi of the need for to mit-
igate foodborne pathogen contamination. Effective cleaning and sanitization practices are vital to maintaining
a safe production il with it i such as i standard operating procedures,

accounting for hygienic equipment design, and managing the microbial communities within the system.
Data analysis further highlights the need for risk assessments, validated pathogen detection methods, and
evidence-based guidance in micrabial reduction. In addition, training and education were identified as crucial
in promoting a culture of food safety within CEA. The development of partnerships between industry, regula-
tory, and research institutions are needed to advance data-driven guidance and practices across the diverse
range of CEA operations and deemed essential for addressing challenges and advancing food safety practices
in CEA. Considering these factors, the CEA industry can enhance food safety practices, foster consumer trust,
and support its long-term sustainability.

Controlled Environment Agriculture (CEA) represents a transforma-
tive paradigm in agricultural practices, often harnessing advanced
technologies and scientific principles to cultivate crops within con-
trolled indoor environments. This approach encompasses various sys-
tem types, including traditional soil-based cultivation as well as
hydroponi ponics, aquaponics, and vertical farming, which
are all designed to optimize plant growth conditions and resource uti-
lization. In contrast to traditional open-field production, CEA opera-
tions combine production, harvesting, and packaging within one
indoor facility. As concerns over food security, resource scarcity, and

* Corresponding author.,
E-mail address: angela shaw

vedu (AM. Shaw).

https://doi.org/10.1016/].ifp.2023.100190
Received 16 August 2023; Accepted 31 October 2023
Available online 3 November 2023

environmental sustainability intensify, CEA has garnered significant
attention from researchers, policymakers, and industry stakeholders
as a potentially viable solution to food insecurity (Benke & Tomkins,
2017; Broad et al,, 2022; Engler & Krarti, 2021). Furthermore, CEA
systems’ scalability and economic viability require careful considera-
tion to support their accessibility and economic sustainability for farm-
ers at various scales (Despommier, 2010, Benke and Tomkins, 2017).
Srivani et al (2019) highlights that there are economic challenges
for CEA operations to scale up due to the infrastructure and equipment
cost and for larger CEA operations financial sustainability, production

0362-028X/© 2023 The Author(s). Published by Elsevier Inc. on behalf of International Association for Food Protection.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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We asked USDA AMS if NFT channels are considered
food contact surfaces under the GAP Harmonized audit..

 Answer: The channels would be
considered a food contact surface,
as the leaves are touching the
channel.

» For cleaning and sanitation, the
operation would need to set up a
cleaning program that would include
specifying a frequency, the methods
and chemicals that they would use to
clean those areas. This would fall
under requirement F-8.2 and F-8.2.c
(harmonized + only).
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USDA GAP Harmonized audit

F-8.2

Equipment, vehicles,

tools and utensils
used in farming
operations which
come into contact
with product are in
good repair, and are
not a source of
contamination of
produce.

WP,

The Operation shall develop,
implement, and schedule repair,
cleaning, sanitizing, storage and
handling procedures of all food contact
surfaces to reduce and control the
potential for contamination. Records
must include the date and method of
cleaning and sanitizing equipient. As
necessary for food safety, vehicles and
equipment shall be properly calibrated,
operated, maintained, and used as
mtended. Equipment traffic flow is
prevented from traveling through an
untreated manure area into the
harvesting field. These procedures
shall be documented. Product contact
tools, utensils and equipment shall be
made of materials that can be cleaned
and sanitized. Procedures include
equipment and vehicles that are in the
field infrequently.

Auditor observes
production and harvest
vehicles, equipment,
tools and utensils
which may come into
contact with produce
for evidence of food
safety risks. Auditor
reviews maintenance,
cleaning and sanitation
records that
demonstrate
compliance with
procedures.

Operation develops
maintenance, cleaning
and sanitation
procedures for
equipment, vehicles,
tools and utensils that
may pose a risk for
produce
contamination.
Affected product is
evaluated for potential
contamination and
disposition.

Let’s compile the questions we have for FDA...
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* Understanding the systems and its components to work
efficiently with these operations is critical to address risks

* Training that focuses on growing conditions in protected
agriculture and CEA operations is needed
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Elena Rogers
Area Specialized Agent
Western NC
Office- Caldwell County
Elena _rogers@ncsu.edu
828-352-2519

https://ncfreshproducesafety.ces.ncsu.edu
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