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Please note - this document was prepared under very tight time constraints. The Hydroponics and 
Aquaponics Subcommittee was tasked with both providing specific information about growing systems, 
supported by scientific research and case studies, as well as reviewing and answering other questions 
regarding coordination with organic production standards and the 2010 NOSB Recommendations. The full 
Task Force, now split into three subcommittees, was initially to be a full year project. It began in November 
2015 with preliminary discussions. The first and only in-person meeting was January 2016. The project 
deadline was shortened by five months to June 2016 and then a slight extension to mid-July 2016. As such, it 
was not possible to complete all the tasks of the Hydroponics and Aquaponics Subcommittee with the detail 
and specific information, supported by research, as initially intended, due to the lack of adequate time to 
address all matters.   
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Introduction 
 
 

The words organic farming conjure not just a set of guidelines for agricultural practices, but also 
often are associated with a deep philosophy rooted in the concept of improving and maintaining our 
environment, promoting life beyond just the crop and staying true to preserving nature’s life processes. 
For as far back as history has recorded, societies worked with limited resources and flourished or failed 
based on their ability to innovate and adapt to changing environments, resources and conditions. 
Humans farmed in the basic sense of “organically” since the time we learned to sow a seed.  However, 
it is not until recent decades that synthetic materials have become widely available for use in 
agriculture, and thus specific legal guidelines have emerged to identify and certify “Organic” growing 
under U.S. Department of Agriculture guidelines. 

Challenges in the farming industry such as drought, food safety, limited arable land, climate 
change and rapid population growth constantly evolve, and with it, the farming industry continually 
adapts as well.  One part of a solution to these challenges is use of growing techniques such as 
hydroponics and aquaponics, as addressed in this report.   

It is important to note that extensive documentation shows that ancient civilizations practiced 
innovative growing techniques similar to hydroponics and aquaponics, including the Aztecs with 
Chinampa “floating gardens” and the Babylonians and their famed “hanging gardens of Babylon.” 
These historic techniques are still in practice and are continually expanding today to be an active part 
of U.S. agriculture. 

In 2010, the NOP conducted a survey and reported that there were 8 certifiers who were 
certifying hydroponic operations as “organic”, and only 39 hydroponic growers.  A second survey in 
2016, which asked about certification of hydroponic and aquaponic as well as other types of container 
operations reported an 88% increase in certifiers who certify hydroponic and aquaponic operations 
and an increase of over 33% in these operations. 

In 2010, the National Organic Standards Board (NOSB) recommended that hydroponic systems 
not be eligible for organic certification “… due to their exclusions of the soil-plant ecology intrinsic to 
organic farming systems…” (NOSB may 2009).   

It is this Subcommittee’s intent, via this report, to among other tasks, provide additional 
information, background and clarification about hydroponic and aquaponic growing systems that likely 
were not available to the NOSB at the time of their 2010 recommendation. 

Specifically, the description of “hydroponic” systems in the NOSB’s 2010 recommendations 
addresses a traditional method of hydroponics that is sterile and inert.  This Subcommittee agrees with 
the NOSB’s 2010 position that such systems should not be eligible for organic certification.  However, 
there are other container growing systems that may resemble traditional hydroponic systems, but are 
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fundamentally and completely different. Such systems require and contain rich, diverse and complete 
soil-plant ecology that symbiotically work with plants to biologically process animal, plant and mineral 
inputs.  This subcommittee has termed such “organic hydroponic” practice as “bioponic” – this report 
will discuss in detail how bioponic growing practice works and its alignment with current organic 
regulations. 

As will be discussed in detail below, it is critically important to consider hydroponic and 
aquaponic production systems as eligible for organic certification, because these practices conserve 
incredible amounts of water, dramatically reduce food safety risks and pose very low environmental 
impacts – while at the same time holding soil-plant biology and the use of the same animal/plant-based 
inputs, as soil-field farmers, at the core of their practice. 

 

Definitions 
Hydroponic production - The growing of plants in mineral nutrient solutions with or without an inert 
growing media to provide mechanical support 
 
Bioponic production - A contained and controlled growing system in which plants in growing media 
derive nutrients from natural animal, plant and mineral substances that are released by the biological 
activity of microorganisms 
 
Aquaponic production - A type of bioponic system in which wastes produced from the life cycle of 
fish or other aquatic animals supplies nutrients for plants grown in container systems. As plants 
absorb nutrients, the water is purified for reuse  
 
Aeroponics - A type of growing system in which plant roots are suspended in an enclosed space and 
at regular intervals are moistened with nutrient solution or microbial solution, which is then returned 
to the reservoir and re-used 
 
Soil - The outermost layer of the earth comprised of minerals, water, air, organic matter, fungi and 
bacteria in which plants may grow roots 
 
Growing media - Material which provides sufficient support for the plant root system and a diverse 
ecosystem of soil-borne microorganisms 
 
Compost Tea - A water extract of compost produced to transfer microbial biomass, fine particulate 
organic matter, and soluble chemical components into an aqueous phase, intending to maintain or 
increase the living, beneficial microorganisms extracted from the compost.  
 
Nutrient solution - Growing solution used in traditional hydroponic production which is commonly 
composed of immediately plant-available soluble synthetic mineral salts in water 
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Microbial solution - Growing solution used in bioponic production which is commonly composed of 
organic substances and a diverse ecosystem of beneficial microorganisms in water 
 
Container - any vessel and associated equipment used to house growing media and the complete root 
structure of terrestrial plants and to prevent the roots from contacting the soil or surface underneath 
the vessel (per the 2010 NOSB Recommendations).  Containers may range from pots to plastic grow 
bags, to mats, to PVC channels, to large troughs containing nutrient-rich water.  
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Brief Review of the Organic Food Productions Act (OFPA) and USDA Organic 
Regulations 

History 
In 1990, Congress passed the Organic Foods Production Act (OFPA)10. This is the main federal law 
regulating organics in the United States. Congress delegated authority to the United States 
Department of Agriculture through the Secretary of Agriculture11 to make specific regulations to 
manage and implement organic production and set standards for which products are eligible for 
organic regulation through a regulatory, rule-making process. This law also created the National 
Organic Standards Board (NOSB)12, a federal advisory committee, which makes non-binding 
recommendations to the USDA for potential final approval and implementation through the official 
legal rule-making process. Public input and participation are required in the process as well, and 
USDA considers public comments in approving and enacting final rules. Notices related to USDA rules 
are published in the Federal Register and final rules are eventually codified in the Code of Federal 
Regulations. 

The USDA’s first organic regulations were created as a Proposed Rule in 1997, a second Proposed Rule in 
March 2000 and the Final Rule was enacted in December 2000. 
 
In the Second Proposed Rule in March 2000, the preamble discusses removing the term “organic agriculture” 
and replacing it with “organic production” to “provide a more encompassing term, which may come to include 
such diverse activities as hydroponics, green house production and harvesting of aquatic animals.” 
 
The final legal definition in the new rules for organic production was “[a] production system that is 
managed in accordance with the Act and regulations in this part to respond to site-specific conditions 
by integrating cultural, biological, and mechanical practices that foster cycling of resources, promote 
ecological balance, and conserve biodiversity.”13 These rules went into effect in October 2002. This 
remains the current legal definition of organic production today. 

This definition requires that organic methods include the use of biological practices that foster the 
cycling of resources, but does not mention or require “soil” for organic production.  

In 2003, the NOSB prepared a guidance document for hydroponics and other “soil-less” growing 
systems, but did not present any final recommendations to USDA for approval.  

A 2008 NOSB meeting included a discussion regarding hydroponics. The Crops Subcommittee of the 
NOSB led a discussion on guidance statements relative to limiting hydroponic systems to naturally 
aquatic plant species, but it was never voted on by the full NOSB.  

In 2009, the Crops Subcommittee presented a discussion item at the spring meeting which noted: 

                                                      
10 7 U.S.C. § 6501 et seq. 
11 7 U.S.C. § 6503.  
12 7 U.S.C. § 6518 (governed by the Federal Advisory Committee Act (FACA), 5 U.S.C. App. 2). 
13 7 C.F.R. § 205.2. 
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“Hydroponics ...certainly cannot be classified as certified organic growing methods due to their 
exclusion of the soil-plant ecology intrinsic to organic farming systems ...” However, the NOP did not 
adopt this recommendation, but rather stated that further information and review was necessary due 
to the complexity and diversity of production systems, making it difficult to develop guidance with 
the limited information. 

At the September 2009 NOSB meeting, the NOSB presented a recommendation for federal 
rulemaking – the addition of specific rules for Greenhouse Production Systems. The recommendation 
again stated a prohibition of hydroponic systems. After public comment was received, the Crops 
Subcommittee wrote a new recommendation, Production Standards for Terrestrial Plants in 
Containers and Enclosures.14 The full NOSB approved the document, and made a formal 
recommendation for approval by the USDA, which was submitted to the NOP on April 29, 2010. The 
recommended regulations state, in part: “Growing media shall contain sufficient organic matter 
capable of supporting natural and diverse soil ecology. For this reason, hydroponic and aeroponic 
systems are prohibited.”15  

Although the full NOSB developed a recommendation to prohibit hydroponics and aeroponics in 
2010, as discussed above, the NOP/USDA has not adopted nor implemented this recommendation 
and therefore it is not current law. 

In 2015, the NOP appointed the Hydroponic and Aquaponic Task Force to prepare a report to the 
NOSB to provide additional information and industry expertise that may have not been available to 
the NOP/NOSB in the past. 

Discussion 

In May 2014, NOP published in its Organic Integrity Quarterly, a piece explaining organic hydroponics, 
including a statement regarding NOP’s position of current law and its corresponding policy with 
respect to hydroponics, and arguably, other non-traditional soil-based growing techniques. It stated, 
“[o]rganic hydroponic production is allowed as long as the producer can demonstrate compliance 
with the USDA organic regulations.”  This statement is not law, but offers the USDA/NOP 
interpretation of existing law regarding organic production, which is under the legal jurisdiction of the 
USDA. This serves as guidance to growers and certifiers who wish to certify hydroponic production 
systems as USDA Organic. In this statement, NOP/USDA notes that crop production can be considered 
organic even when terrestrial plants are grown in pure microbial solution, as may be the case with 
hydroponics and aquaponics. 

Several provisions within existing regulations mention the word soil, but as reviewed below, do not 
explicitly prohibit soil-free production from organic certification.  

                                                      
14 See Production Standards for Terrestrial Plants in Containers and Enclosures, available at 
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20Production%20Standards%20for%20Terres
trial%20Plants.pdf  
15 Id. 
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7 CFR §205.202 states: “Any field or farm parcel from which harvested crops are intended to be sold, 
labeled, or represented as organic,” must: (a) Have been managed in accordance with the provisions 
of §§ 205.203 through 205.206.”  Those sections within these requirements (§§ 205.203 through 
205.206) that mention soil are discussed following: 

Section 205.203 covers “soil fertility and crop nutrient management practice standards.”  Later in this 
report, the Subcommittee explains that while what is considered traditional soil may not be used in 
bioponic systems, soil ecology fully exists in bioponic systems, and all of these provisions may be met. 
For the purposes of this section, we review the legal requirements of these provisions. 

7 CFR § 205.203, it states: “(a) The producer must select and implement tillage and cultivation 
practices that maintain or improve the physical, chemical, and biological condition of soil and 
minimize soil erosion.” This provision does not expressly say soil must be used. Rather, it appears to 
suggest that if there is soil, then the producer must follow these particular practices.  

Even if this provision is interpreted in the most strict sense, “OR” creates two potentially mutually 
exclusive possibilities. An organic facility must either 1. maintain the physical, chemical, and biological 
condition of soil, OR 2. it must improve the physical, chemical, and biological condition of soil.  

There is no definition for “soil” in the OFPA nor in the USDA organic regulations.  A definition of “soil” 
can be found in the USDA Agricultural Handbook: 

The collection of natural bodies on the earth's surface, in places modified or even made 
by man of earthly materials, containing living matter and supporting or capable of 
supporting plants out-of-doors. Its upper limit is air or shallow water. At its margins it 
grades to deep water or to barren areas of rock or ice. Its lower limit to the not-soil 
beneath is perhaps the most difficult to define. Soil includes the horizons near the surface 
that differ from the underlying rock material as a result of interactions, through time, of 
climate, living organisms, parent materials, and relief. In the few places where it contains 
thin cemented horizons that are impermeable to roots, animals, or marks of other 
biologic activity. The lower limit of soil, therefore, is normally the lower limit of biologic 
activity, which generally coincides with the common rooting depth of native perennial 
plants. 

For the purposes of this report, the Task Force defined soil as “the outermost layer of the earth 
comprised of minerals, water, air, organic matter, fungi and bacteria in which plants may grow roots.” 

As hydroponic and aquaponic growing methods generally do not rely on the use of what traditionally 
is considered “soil” for providing nutrients to the plants being grown within the system, such systems 
will not deplete the physical, chemical, and biological condition of soil, and thus falls within the text 
of 7 CFR §205.203. When there is no depletion, there is the status quo, thus maintenance. By the 
same logic then, there would be no soil erosion at all, as also required by the same provision. 

Section 205.203(b) states that “[t]he producer must manage crop nutrients and soil fertility through 
rotations, cover crops, and the application of plant and animal materials.”  Again the discussion 
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hinges on the context of “soil”. This section could be interpreted to mean that if there is traditional 
soil in a growing system, producers must follow these requirements. Or it could be read that this 
hinges on “soil fertility”, which is not the same as soil. In bioponics, the soil ecology, and thus fertility 
in the system is maintained through various methods including changing crop variety over time and 
the application of plant and animal materials, as is similarly done in field crops. 

Section 205.203(c) states “[t]he producer must manage plant and animal materials to maintain or 
improve soil organic matter content in a manner that does not contribute to contamination of crops, 
soil, or water by plant nutrients, pathogenic organisms, heavy metals, or residues of prohibited 
substances.” In bioponics, the soil ecology is maintained within the contained system. Producers can 
manage plant and animal materials in a manner that does not contribute to contamination of crops, 
soil, or water by plant nutrients, pathogenic organisms, heavy metals, or residues of prohibited 
substances in the system, just as field producers do. Again if this is read most strictly, that producers 
must maintain or improve organic matter in “soil”, then as stated above, bioponic growing methods 
generally do not rely on the use of what traditionally is considered “soil”, so such systems will not 
impact soil, thus will “maintain” it and fall within the requirements of the text of 7 CFR §205.203(c).     

Section 205.203(d) states “[a] producer may manage crop nutrients and soil fertility to maintain or 
improve soil organic matter content in a manner that does not contribute to contamination of crops, 
soil, or water by plant nutrients, pathogenic organisms, heavy metals, or residues of prohibited 
substances by applying [various substances].”  The word “may” indicates that this provision is 
optional, and therefore just like for field crops, may or may not be utilized in bioponic production, 
based on the producer’s preference. 

Section 205.203(e) lists substances that producers may not use, and would apply to bioponic 
production. 

Section 205.205 concerns crop rotation practice standards and requires “[t]he producer must 
implement a crop rotation including but not limited sod, cover crops, green manure crops, and catch 
crops that provide the following functions that are applicable to the operation: (a) [m]aintain or 
improve soil and organic matter content.”  The use of the words “including but not limited to” 
infinitely expands the options to achieve this requirement.  Again the “maintain or improve” language 
appears here. Bioponic production maintains traditional soil as discussed above pertaining to 
§205.203(a) and the similar requirement to “maintain or improve soil.” 

Finally, § 205.206 (a) states that “[t]he producer must use management practices to prevent crop 
pests, weeds, and diseases including but not limited to: (1) Crop rotation and soil and crop nutrient 
management practices, as provided for in §§ 205.203 and 205.205”  As discussed above, the words 
“including but not limited to” provide for infinite methods to comply with this requirement.  See the 
above discussion regarding the requirements of §§ 205.203 and 205.205. 

Conclusion  

Under current law and clarification from NOP/USDA, hydroponic and aquaponic production methods 
are legally allowed for certification as USDA Organic as long as the producer can demonstrate 
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compliance with the USDA organic regulations.   
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Traditional (non-organic) Hydroponic Systems 
Hydroponics is the growing of plants in a container with mineral nutrient solutions, with or without an 
inert growing media to provide mechanical support.  Traditional hydroponic systems are inorganic 
systems that do not rely on biological organisms to make minerals available to the plants. Instead, the 
plants are fed nutrients in their basic ionic forms (ex. nitrate, potassium, iron) that can immediately be 
taken up through their roots. The growing media is considered inert because it has little to no cation 
exchange capacity (a measure of the ability of nutrients to be adsorbed and later released to the plants) 
compared to typical soils and because of the lack of microbiology, the media itself is stable and does 
not readily decompose or contribute nutrition to the plants. 
 
There is wide variety of hydroponic systems.  The most common systems will be described below.  
However, despite the variety of system configurations, the systems typically only differ in their 
mechanical setup, but the underlying science is virtually identical.  The following diagram illustrates 
some of the most common systems. (Note: the design of a system is not relevant for determination of 
whether it is hydroponic or bioponic, rather it is the function and microbial content of the system that 
is relevant, and in fact some of the typical designs below may be the same or similar for a bioponic 
system). 
 

 
 
Hydroponic growing systems may be categorized by where the roots are located in the system: 
 

1. Water-based systems - roots are directly in the liquid nutrient solution or somehow regularly 
moistened by it   

2. Aggregate culture - roots grow into an inert medium such as sand, perlite, vermiculite, peat 
moss, or coconut coir, and are irrigated with a complete nutrient solution 

 
Systems may also be categorized by what happens to the nutrient solution: 
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1. Open - the nutrient solution is distributed from a reservoir to the plants and is then “drained to 
waste” (i.e. not used again).   

2. Recirculating- the nutrient solution is distributed from a reservoir to the plants.  After passing 
through the root zone, it is collected and reused.  The recycled nutrient solution may or may 
not be sterilized (UV light, ozone etc.) to eliminate plant pathogens so they are not re-
introduced to the plant roots. 

 
There are many different types of hydroponic systems.  However, the majority of small farms and 
commercial growers use the following water-based and aggregate systems. For the clarity of this 
report, container systems include hydroponic production, aquaponic plant production and greenhouse 
production. (Note: many of these same systems are used in bioponic production). 

a) Water-based Systems  
1. Deep water culture(DWC)/raft - Plants are suspended through foam boards which float on the 
surface of the nutrient solution.  Oxygen must be supplied to the roots using an air pump and air 
stones, or using a venturi system.  This is a closed system where the nutrient solution remains within 
the same enclosed container throughout the growing cycle. 
2. Nutrient Film Technique (NFT) - Plants are suspended through holes in the top of a long tube or 
channel that is slightly slanted.  Nutrient solution is pumped to the higher end, constantly flowing 
as a thin film across the plant roots to the lower end where it is collected and then recirculated.  
3. Ebb and Flow (Flood and Drain) - Used for propagating seedlings and growing plants in pots. 
Seedlings and potted plants are placed in a drain table.  Nutrient solution is periodically pumped 
into the drain table from a reservoir below, flooding the media for a short time before draining back 
into the tank below. 
4. Aeroponics - Roots are suspended in an enclosed space and at regular intervals are moistened   
with nutrient solution, which returns to the reservoir and is re-used. 

b) Aggregate culture  
Inert media is placed in some type of container where nutrient solution is fed to each plant through a 
top-drip system (main irrigation line with emitters and spaghetti tubing going to each plant head). 
Because the nutrient solution consists of dissolved minerals, these minerals can build up in the media, 
necessitating some excess watering (leaching) to flush salts.  These systems typically require 10-30% 
excess watering, which is re-circulated, re-directed to outdoor cropping systems, or sent to waste to 
septic or sewer.  Aggregate systems are used primarily for vining crop production (ex. tomato, 
cucumber, pepper) or other fruiting crops such as strawberries. 
 

1. Slab - This is the traditional method for commercial hydroponic tomato growers.  Plants are 
grown in 3ft long x 3 or 4-inch-thick polyethylene lay-flat bags (or slabs) filled with coconut coir 
or similar natural fibers.   

2. Upright bag or Dutch Bucket - Another common method for commercial growers is 3 or 5-gallon 
upright polyethylene bags, or 3-gallon square hard plastic buckets called Dutch buckets or Bato 
buckets.  These systems typically use coconut coir sometimes mixed with perlite and 
vermiculite. 
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3. Trough - A long above-ground container where a large amount of plants are sharing growing 
media. Troughs can be made of plastic, PVC, metal, wood, concrete or even on a plastic cover 
on top of a soil trench. Most troughs are closed off to the ground so roots and water cannot 
penetrate the soil surface, but drainage is collected to be recycled or re-used. 

4. Tower - Plants are grown in hard plastic or Styrofoam pots containing a media mix that are 
stacked into a tower.  Nutrient solution from a reservoir is pumped to the top of the tower 
where it drips or sprays onto the top pot, trickling through subsequent pots until it is collected 
into a reservoir at the bottom to be drained to waste or recirculated. 

5. Pots - Round or square pots usually made of plastic are sometimes used to grow smaller or 
short cycle plants, such as starter seedlings or herbs.  These are usually used with a drip 
irrigation system or ebb and flow table. 

 
Traditional (non-organic) hydroponic systems place a great deal of importance on sterility.  The goal is 
to keep biology out of these systems, namely soil-borne pathogens that are ubiquitous in soil-based 
growing systems.  Plant fertilization is based on chemistry.  Plant nutrition comes in the form of 
inorganic minerals that become available through solubilization with water. Because nutrients are not 
bound within organic molecules, these systems do not require the work of microorganisms to free up 
the nutrients for uptake by the plants. 
 
The media in traditional hydroponic systems is typically inert.  This means that the media itself does 
not readily degrade or contribute significant nutrition to the plant nor does it significantly interact 
chemically or biologically with the nutrient solution.  Rockwool, historically the most popular media 
used in the hydroponic industry, fits this definition.  However, it is important to note that the U.S. 
hydroponic industry has now moved to the use of alternate media, such as coconut coir instead of 
rockwool, as its base media for growing.  Coconut coir (also called coco coir, cocopeat, fiber, husk, pith) 
is the outside fiber of the coconut which is a waste product of the coconut industry. While coconut coir 
is organic in nature and has a cation exchange capacity similar to typical mineral soils (sand, clay), it is 
considered inert when used in traditional hydroponic systems because the lack of biology in hydroponic 
systems keeps the material from decomposing readily. However, it is important to note that when 
significant organic matter and microbiology are added to coconut coir, it is capable of maintaining 
biology and decomposing the coconut husk into humus (Prabhu, S.R. and Thomas, G.V.; Suresh Kumar 
and Ganesh, 2012;).   
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Organic Hydroponics - Bioponics 

a) Why Bioponics is Relevant to the NOSB/NOP 
Organic hydroponics, or bioponics, as this Subcommittee has termed it, is fundamentally and entirely 
different from conventional (non-organic) hydroponics.  Bioponics is a growing method that 
completely relies on a soil food web micro-biological ecosystem to provide nutrients to a crop.  All 
inputs come from animal, plants and minerals and require biology to convert these raw inputs into 
plant-usable form.  This is the opposite of conventional hydroponics, where synthetic/inert nutrients 
are fully provided to a crop without the need for any biology. 
 
In the 2010 NOSB recommendation, the NOSB addresses the specific growing practice of 
conventional hydroponics.  Rightfully, the NOSB determined that this production practice should not 
be eligible for organic certification “due to their exclusion of the soil-plant ecology intrinsic to organic 
farming systems…” (NOSB May 2009).  However, due to the relatively new emergence of bioponics, 
this form of organic production system was not addressed in the 2010 NOSB recommendation.  
Specifically, because bioponics relies entirely on soil-plant ecology, it is technically the opposite 
concept of a sterile traditional hydroponic system.  This section describes in detail how bioponic 
systems work.  
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b) How is Bioponics different from Hydroponics 
 
The simplest and most fundamental difference between hydroponics and bioponics is that bioponics 
uses plant-based, animal-based and mineral inputs that require a biological eco-system to make 
nutrients available to plants, whereas conventional hydroponics uses inert already soluble nutrients 
that require no biology for plants to use the nutrients. 
 
In the past 10 to 15 years, advances in research and technology allowed growers to minimize the use 
of natural resources, decrease soil and water contamination, increase production, and maintain or 
improve fruit and vegetable quality while growing using organic substrates, organic nutrition, and 
natural microbial nutrient cycling.  We define these systems as “bioponic”.  The term “bioponic” is a 
recent concept that is used frequently in practice, but is not yet common in research literature.  Just 
as hydroponics means “water-working”, bioponics mean “life-working”.  More than one person has 
been credited with developing or “coining” the term.  David Yarrow (1997) as one of the first to use 
the concept of bioponics to describe aquaponic growing.  There is no record of patents or trademarks 
with the U.S Patent and Trademark Office regarding “bioponics.” In any case, bioponics combines the 
philosophies of organic farming with the efficiencies of hydroponics to create a new organic farming 
model that can address modern day resource conservation, food safety, food availability and social 
justice issues. 
 
After gathering and reviewing information in the public domain and from those in the industry 
practicing bioponics, this Subcommittee has adopted a definition for bioponics: 
 

Bioponics - A contained and controlled growing system in which plants in growing 
media derive nutrients from plant-based, animal-based and mineral natural substances 
which are released by the biological activity of microorganisms. 

 
Bioponic systems use the same organic inputs, processes, and principles as field growers.  Only NOP-
compliant growing media and inputs are used in such systems.  Organic matter (plant and animal 
material) is added to the system to provide nutrition for the soil microbiology to flourish and thus 
provide nutrients to the plants.  NOP-compliant minerals may be added as needed.  A natural soil 
ecology is cultivated in the system by adding microbes through compost, compost-tea, liquid nutrient 
products, or specific consortiums of microbes from commercially produced products, as do certified 
organic field growers.  This microbial community must be carefully maintained in order for nutrients 
to become available to the plants to uptake.  If the microbial community is not sufficient in numbers 
and diversity, the plants will suffer or not be able to grow. 
 
Bioponic systems evolved from conventional hydroponic systems, but can also look more like a 
traditional container growing system (for example, growing berries in a compost/potting soil  mix).  
The most common form of bioponics is aquaponics, where the waste produced from farmed fish, or 
other aquatic animals, supplies nutrients for plants grown in container systems, which in turn purifies 
the water for reuse.  An example of a bioponic tomato system is described in a case study appended 
to this report.  The system consists of plants in containers of growing media, fertilizer, added 
microbiology, and earthworms which cycle nutrients to make them available to the plants.  Just like in 
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field growing, periodic solid and liquid additions may be necessary to maintain crop growth and 
yields.  However, with container systems, it is easier to maintain optimal conditions for microbial 
growth and nutrient cycling as well as being better able to control soil moisture and temperature, 
especially if used in a greenhouse environment.  In addition, any excess drainage can be captured and 
recycled or reused so as not to contribute to surface or groundwater contamination or soil erosion. 
 
Another type of bioponic system for growing lettuce and greens is described in a second appended 
case study.  This system uses a Nutrient Film Technique (NFT) design, and uses carbon-based plant 
and animal materials and NOP-compliant minerals as the fertilizer which is mineralized by soil 
microbiology in the system. 
 
Bioponics systems will be described in the following 4 components: 
 

1) Container and container systems 
2) Growing media 
3) Biology 
4) Nutrition 

c) Containers and Container Systems 
 
A container is any vessel and associated equipment used to house growing media and the complete 
root structure of terrestrial plants and to prevent the roots from contacting the soil or surface 
underneath the vessel (2010 NOSB Recommendations).  Containers may range from pots to plastic 
grow bags, to floor mats, to PVC channels, to large troughs containing nutrient-rich water.  
 
A container system includes all components connected to the containers which enable the system to 
function in order to grow the plants.  The container system may include things such as clarifiers, bio-
filters, mechanical filters, pumps, plant support structures, irrigation plumbing, drainage collection 
apparatus, etc.  
 
Just as with field growing systems, a container system may rely on a separate system (on-farm or off-
farm) to create nutrient amendments to be added to the growing system.  For example, compost tea 
created on the farm site may be produced in a brewer not hydraulically connected to the growing 
system, but the tea will be added to the system as needed.  Similarly, a commercial company may 
biologically produce an NOP-compliant liquid fertilizer that will be purchased by the grower and 
applied to the crop as needed. 
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d) Growing Media 
In a conventional hydroponic system, growing media is sterile, whereas in a Bioponic system, growing 
media is designed to promote and sustain biology in order for the system to function. A simple 
definition of growing media is “a substance through which plant roots grow and extract water and 
nutrients” (Landis et al., 2014).  Growing media often is primarily made up of solid particles 
(aggregate) such as soil or potting mix.  However, growing media can also be water based.  In water-
based media systems, seeds are typically started 
in a solid medium, and are then transplanted into 
the bioponic system where the roots are grown 
out of the solid medium and placed directly into 
contact with water that contains nutrients, 
oxygen and microbial ecosystem. In bioponic 
systems, the media, whether aggregate or water-
based, must contain sufficient carbon, minerals, 
plant/animal-based nutrients, oxygen and a 
diverse and complete microbial ecology so that 
biology can thrive and provide plants nutrition to 
thrive.   Therefore, this committee will use the 
same definition of growing media as given by the 
2010 Committee “material which contains 
sufficient organic matter capable of supporting 
the plant root system and a natural and diverse soil  
ecology,” which may include water as a type of  
growing media. The sources of carbon, nutrition, and microbiology in each of these media will be 
discussed in the next sections.  This section will further describe the different types of growing media.   

1. Solid (aggregate) growing media 
In bioponic systems, seedlings are often started in solid media.  A single type of media or a mix of 
media may be used for seedling production and to be added to containers to grow the plant to 
harvest.  
 
Examples of solid growing media used in bioponic systems include: 
 

● Soil 
● Potting Soil Mix 
● Compost 
● Vermicompost 

● Coconut coir 
● Peat moss 
● Bark 
● Saw dust 

● Rice hulls 
● Perlite 
● Vermiculite 

 
In a conventional hydroponic system, the growing media is inert and sterile.  Whereas, in a bioponic 
systems, biology and carbon sources are added to the media, which promotes the growth of 
microorganisms and decomposition of solid media with a release of its minerals and nutrients.  
 
For example, potting mixes, bark, sawdust, and coconut coir have a high resistance to decomposition 
(high C:N ratio), but when they are inoculated with beneficial organisms (bacteria, fungi, protozoa, 

Seedling ready to be transplanted into water-based 
bioponic system. 
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nematodes, earthworms and microarthropods), degradation is accelerated. Also, naturally occurring 
microbes on each material are activated when given favorable conditions for reproduction and 
activity, thus releasing nutrients from the organic materials and starting mineralization. When 
growing media is inoculated and fed with microbial foods (such as molasses and kelp), a sufficient 
level of decomposition and a diminished C/N ratio can be reached, creating an environment where 
enough water and air capacity is maintained for roots to develop. 
 
An example from a study in India using a fungi such as Pleurotus platypus inoculation on coconut coir 
resulted in 58.6% reduction in cellulose, and 78% reduction in lignin after 35 days of inoculation.  The 
C:N ratio was reduced to 18:1 versus the uncomposted coir pith of 104:1. In addition, the study found 
that earthworms and bacteria enhance coir decomposition (S.R. Prabhu and George V. Thomas Indian 
Institute Agricultural Research, 2002).  Another study showed when coconut coir was inoculated with 
the earthworm Eudrilus sp. at a rate of 1000/ton of organic material, protected from direct sunlight 
and maintained moisture level over 50%, a granular vermicompost can be obtained with a 16.7:1 C:N 
ration in two months, (K.V.Peters,2008).  Earthworms and microarthropods also help keep air 
passages intact for optimal root health and to avoid soil compaction which fosters anaerobic 
conditions. 
 
Therefore, solid growing media in bioponic systems is by design, not inert. Through the additions of 
carbon and soil-microorganisms, the solid growing media goes through the same decomposition 
processes as field soil.  In fact, this decomposition can occur at a faster rate because the soil moisture 
and temperatures of the media can be more closely controlled for optimal microbial conditions.  
 

Methods of adding biology are addressed in subsequent sections. 
 
In some cases, soil from the ground may be added, but the growing media is usually not 100% soil.  
Soil is not often used due to the risk of soil pathogens and non-ideal water holding and transmission 
properties.  If soil is used in container systems, it is commonly disinfected first by solarizing or 
steaming methods.  If the soil is sterilized, it will be necessary to add biology back into the soil.  
Compost or compost tea is often added or applied to establish an adequate number of organisms to 
inoculate the media. Also, it is necessary to assure organic matter is present in the soil for biology to 
establish (minimum 3% organic matter).  If compost is added to the media, whether for nutrition or 
biology, it typically will not make up more than 50% of the media because it holds too much water 
(Grubinger, 2012).   Because only a limited amount of compost can be added to the growing media, 
and because the nutrients in compost are slow to release, there are usually not enough nutrients to 
grow a crop for an entire season. Therefore, supplemental amendments of organic fertilizer may 
need to be added throughout the growing season. 
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2. Liquid growing media 
By definition, water can be a growing media when it “contains sufficient organic matter capable of 
supporting the plant root system and a natural and diverse soil ecology”, which is the case in bioponic 
liquid media growing systems.  In these systems, organic plant and animal material and 
microorganisms are added to the water to create a liquid compost.  In aquaponic systems, fish waste 
is decomposed by aerobic microorganisms that can be in the biofilter and throughout the growing 
system.  In other liquid bioponic systems, such as NFT or deep water culture systems, compost teas or 
commercially produced liquid organic fertilizers (as described below under nutrition) are added to the 
water. Microbiology is present within these products naturally or from the biological processing 
which it goes through.  This microbiology or added microbial inoculants are the catalyst for the 
decomposition of the organic material within the growing system. 
 
Source water in these systems primarily come from municipalities, well water, or through rain water 
collecting.  Water should be tested to ensure it does not contain heavy metals or pollutants at levels 
detrimental to plant growth, and to ensure that human pathogens are at or better than drinking 
water standards. 
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e) Biology 
1. Soil-Food Web in Bioponics 
There are 16 elements that are essential for plant growth: Carbon, oxygen, hydrogen, nitrogen, 
phosphorus, potassium, calcium, magnesium, sulfur, iron, manganese, boron, zinc, copper, 
molybdenum, and chloride (Hoagland, 1947), although nickel has now become thought of as a 17th 
(K-state).  Whether nutrients are derived from inorganic or organic sources, plants need them to be in 
ionic form.  An ion is a positively or negatively charged atom or group of atoms that can be taken up 
by plant roots.   

  
In soil, plant nutrients are bound up in organic molecules and rock material.   Dead and decaying 
organic material decomposes through physical, chemical, and biological processes.  As this material is 
broken down into smaller and smaller fractions, minerals may be dissolved into soil solution and soil 
microorganisms can use the organic matter as food sources, releasing plant nutrients into soil 
solution.  These soil organisms make up the soil food web, or the community of organisms living all or 
part of their lives in the soil (Ingham).  Bacteria, fungi, nematodes, protozoa, earthworms, 
arthropods, and living roots are dependent on each other to live and reproduce.  Exudates from plant 
roots and decaying plant and animal material feed bacteria and fungi.  Bacteria and fungi incorporate 
some of the nutrients into their bodies but release any excess nutrients they cannot incorporate into 
their own cells.  Higher level organisms such as protozoa eat the bacteria and fungi, again releasing 
excess nutrients into the soil that will dissolve into water.  Nematodes and larger organisms such as 
earthworms eat the protozoa.  When any of these organisms die, they release the nutrients that were 
stored inside their cells. Some of the nutrients that are released will be available immediately to 
plants because they go into soil/water solution.  This process of microbes decomposing and releasing 
plant nutrients from organic matter is called mineralization.  In optimal environmental conditions and 
with enough food sources, plants and microbes are able to regulate the processes so that they each 
get what they need at the rates needed (Bot and Benites).  The microbes decompose carbon sources 
to create soil organic matter which enhances soil structure and creates available nutrients for plant 
growth. 
 
Soil is highly variable in the amount of organic matter and number and diversity of microorganisms it 
contains, decreasing over time and with multiple plantings.  Most soil growers must amend their 
fields with manure, compost, compost teas, and organic fertilizers to increase carbon content, 
microbial activity, and nutrient availability. 
 
The same is true of bioponic systems.  Bioponic systems start out with growing media that may or 
may not have a sufficient amount and diversity of carbon and microbial population.  Just like with 
soil, nutrients may be added in solid or liquid form.  Solid soil amendments may include compost, 
manure, bone meal, alfalfa meal, magnesium sulfate, gypsum, potassium sulfate, kelp, bat guano, 
etc., all of which are NOP-compliant (see list in Table 1).  Commercial liquid organic fertilizers which 
are NOP-compliant or homemade liquid organic fertilizers made from organic-compliant substances 
such as compost tea, may also be applied at varying frequencies depending on the nutrition added to 
the media, the same method as in organic soil-field farming.  Solid amendments must be 
decomposed by soil microorganisms in the media for the plants to make use of them.  The majority of 
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liquid organic fertilizers are composed of complex proteins and carbohydrates which contain plant 
nutrients that only become available upon the action of microbiology within the growing system. 
 
2. Where Microbiology Comes from in a Bioponic System 
As stated earlier, bioponic nutrition is supplied as complex organic compounds that need to be 
decomposed and mineralized so that nutrients can become available to the plants.  This 
decomposition may occur in-line with the container system or outside the growing system in an on-
farm or off-farm system.  In the case of field growing, the organic matter is applied in the soil and 
decomposition must occur primarily locally at the root zone.  In the case of container growing, 
biological decomposition and mineralization of organic matter can occur in controlled environments 
to enhance its efficiency.  The decomposition of organic matter outside the growing system is by no 
means complete, as it would be too time-intensive and costly a process.  However, some organic 
material (such as produce and plant material wastes) can be biologically processed or fermented to 
make them partially digested and easier for soil microbes to process completely within the growing 
system.  For example, compost teas can be made in a separate brewer and then added to the system.  
These teas add biology and some nutrients, but organic matter in the teas still need to be further 
broken down within the growing system.  This added biology is used to break down other solid 
nutrients that are added within the system.  Commercially produced liquid fertilizers do not 
decompose organic matter completely to the ionic form of nutrients that the plants can take up.  
These products need to be further decomposed in the growing system by microbes in the system.  
The key point is that in a bioponic system, biology is required to break down organic material into 
plant available nutrients, either completely within the growing system or partially outside the 
growing system.  In either case, biology is the engine that drives a bioponic system, just as in an 
organic soil/field growing system. 
 
The data shown at the end of the appended case study of bioponic tomatoes illustrates the diversity 
and numbers of soil microbes that can be found in bioponic systems.  The numbers of bacteria, fungi, 
protozoa, and nematodes are at least as much, if not higher than would be expected in good soil.  
These numbers and diversity indicate a high ability to cycle nitrogen. 
 
3. Where Microbial Activity Takes Place in a Bioponic System 
Water based growing media contains particulate organic matter (POM) and dissolved organic matter 
(DOM).  Bacteria typically aggregate onto solid surfaces such as soil particles, particulate organic 
matter, or biofilters that are designed to have a high surface area.  Biofilms are microorganisms 
attached to a surface and embedded in an extracellular gel-like matrix of polymeric substances.  
Dissolved organic matter absorbs and diffuses into the biofilm, the microbes release enzymes to 
decompose the organic matter, and then microbes can take up the released nutrients.  Microbes can 
still aggregate or “floc” together without the aid of a solid surface.  Microorganisms such as 
Pseudomonas sp. and Bacillus sp. excrete extracellular polymeric substances (EPS) that allow the 
microbes to aggregate together within the water column (Guibad (2010); Sheng; Subramanian, 2010).   
These aggregates and EPS material attracts and adheres POM and DOM to it.  Therefore, microbes 
are actively cycling nutrients within the water-based growing media as well as on surface of the 
containers and in biofilters.   
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The biological processing of organic nutrition occurs throughout bioponic systems.  In aggregate 
systems, the processes occur throughout the growing media and rhizosphere.  In liquid systems, 
microbes in the nutrient-rich water are constantly decomposing suspended and dissolved organic 
materials within the water column.  The microbes congregate at the root zone in the rhizosphere, in 
both solid and liquid growing media where they also assist in chelating metals to increase uptake of 
nutrients into the plant roots.  It is very common for bioponic systems to have a component in the 
system which adds high amounts of surface area to provide biology a place to attach, such as 
biofilters, growing media, etc. 
 
4. How can you demonstrate that a bioponic system has enough biology? 
A commonly asked question is how to demonstrate that a bioponic system has enough 
microorganisms and/or if they are diverse enough to create a true soil-plant ecology intrinsic to 
organic farming.  The answer is, in fact, very simple; it involves observing the system inputs and the 
final crop health.  If the inputs used are in such a form that require microbial breakdown and the 
grower is able to achieve a healthy final crop, then it must be true that there is sufficient biology and 
biological diversity in the system, otherwise the nutrients would not have been fully microbially 
processed and the crop would show signs of deficiencies.  As with any organic farming operation, the 
farmer is directly punished or rewarded with the quality of his/her crop based on the quality of the 
microbiological activity and organic content in their growing system. 

f) Nutrition 
In bioponic systems, nutrition comes in many forms.  Nutrition may be added to the growing media 
itself or to the water in the system.  Nutrient sources may be in solid or liquid form as long as they are 
NOP-compliant.  Providing enough organic nitrogen and phosphorus to these growing systems is the 
greatest challenge.  Nitrogen is typically provided by compost, bat guano, sugar beet molasses, 
and/or soy proteins. Nitrogen is also provided through some commercially available liquid organic 
fertilizers derived from fermented plant material (see table below).  Phosphorus can be provided 
using rock phosphate, bat guano, and commercial NOP-compliant organic liquid fertilizers.  The table 
below shows a variety of other organic inputs that provide different nutrients for plant growth. 
Because most of these materials are in rock form or are organic molecules containing the various 
nutrient elements, the same soil microbiological processes must occur in these growing systems as in 
soil-based growing systems.  Without the action of microorganisms, nutritional ions would not be 
available for the plant to uptake. 
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Examples of Organic Inputs and Associated Nutrients 
 

Input Associated nutrients 
Animal Based Compost N,P,K 
Soy protein N 
Fish Emulsion N,P,K 
Kelp N,P,K 
Seaweed N,P,K, Mg, S, Ca, Na, B, Fe, Mn, Cu, Zn 
Molasses K, P, S, Ca, Mg 
Gypsum Ca, S 
Humic acid Biostimulant 
Fulvic acid Biostimulant 
Epsom salt Mg, S 
Bone meal N,P 
Fulvic acid Chelator 
Alfalfa meal N,P,K 
Potassium sulfate K,S 
Potassium Chloride K, Cl 
Fish Water N,P,K, S 
Worm Tea N, Ca, Fe 
Plant based compost N, P, K 
Hydrolyzed animal protein N 
Hydrolyzed plant protein Biostimulant, chelator 
Composted poultry manure N,P,K 
Bird/Bat Guano N,P,K 
Insect frass N, dependent on host plants 
Dairy manure N,P,K 
Blood meal, N,P,K 
Rock phosphate P 
Volcanic rock dust P, K, Ca, Cu2+, Zn2+, Mn2+, Fe3+, Co2+, Ni2+, V4+ 
Cotton seed meal N,P,K 
Limestone Ca, Mg 
Calcium carbonate Ca 
Oyster shell lime Ca 
Langbeinite K, Mg, S 
Fish meal N,P 
Neem seed meal N,P,K 
Worm castings N,P,K 
Molasses Carbon 

 
 
 
In bioponic systems, nutrients primarily come from plant and animal material that must be 
decomposed by biological processes either in the growing system or in a separate decoupled 
container.  The extent to which these materials are decomposed before they are placed into a 
growing system will dictate how much biology is required by the growing system to make nutrients 
available to the plants. 

  



24 

 24 

Advantages of Bioponic Systems 
 
In general, the advantages to bioponic growing practices are centered on the concept of precision 
control of inputs, reducing waste, and controlling growing conditions in order to reduce 
environmental impact and conserve resources such as water and arable land.  While there are many 
additional practical advantages such as improved ergonomic conditions for workers, this section 
focuses on the overarching advantages of bioponics. 
 

a) Water Conservation 
Water conservation is one of the greatest advantages to bioponic growing.  A recirculating bioponic 
system can use up to 80% less water than field grown crops.  This is achieved due to the design of a 
bioponic system where no water is lost to evaporation, runoff or leaching.  The grower can virtually 
use only the exact amount of water needed by each individual plant to grow. 
 
In a state such as California that has suffered from an almost a decade long severe drought, this is of 
extreme importance.  California is the number one producer, by volume, of organic produce in the 
United States.  This is a strong example for the reasoning behind evolving growing practices to adapt 
to changing environments and resource scarcity. 

b) Food Safety 
Increased food safety is another major advantage of bioponics.  The greatest food safety risk is 
contamination of crops with human pathogens such as E. coli and Salmonella.  These risks are 
generally high in crops such as leafy greens (lettuces) where the edible portion of the crop is in 
contact with the ground.  Animal feces, including bird droppings, and downstream rain water runoff 
pose huge food safety risks for any farm.  However, a bioponic system greatly mitigates such risks 
because crops are grown off the ground using a closed loop watering system.  This virtually eliminates 
the runoff and ground animal intrusion risk and, coupled with a greenhouse, also mitigates the 
overhead risk of bird droppings.  Furthermore, pathogen testing is very easy to test for by sampling 
water circulating in the system at any point will indicate if there is any human pathogen present in 
the entire operation. 

c) Disease Suppression 
Bioponic systems are effectively a container growing system where the grower has ultimate control 
over growing media, nutrient and biological inputs.  There is a significant advantage to being able to 
guarantee that the growing media, nutrient and biology are free of disease prior to starting a crop.  
This is achieved by testing inputs prior to use. 
 
Furthermore, if the grower maintains a balanced soil-food web ecology in the system, then no single 
organism can overpopulate and take over.  A good example of this is how a properly designed 
compost tea can help suppress disease when it is applied to soil or bioponic container systems.  
Because a bioponic system is a containerized biological system, there is the ability to better control 
specific microbial populations by controlling inputs, system environment and inoculum. 
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d) Nutrient Conservation & Retention 
In a bioponic system, inputs can be precisely measured and added to the system with a high degree 
of certainty for the quantity of inputs required based on the system size and crop.  Furthermore, 
bioponic systems are completely contained and therefore do not lose any inputs or resources to the 
environment thereby eliminating the chance of runoff contamination, leaching and soil erosion.  

e) Soil Conservation  
Growers who implement a bioponic growing practice are not limited to setting up their operation on 
fertile soil.  Because the system is completely containerized, it is able to be placed on any type of ground 
– for example areas where farming would otherwise not be possible such as rocky areas, paved areas, 
sand and urban sites such as rooftops. Therefore, by growing in areas that are otherwise not farmable, 
this is the ultimate level of soil conservation and an added tool for farmers to be able to keep up with 
increasing population, but limited arable land. 
 
 
 

  



26 

 26 

Aquaponics 
Over the past three decades, aquaponic systems have continued to increase in number and scale.  
Pioneer systems were developed in arid regions such as Australia and the Caribbean where fresh water 
was limited.  Typically, the systems supply both plants and protein (fish), however many systems focus 
on the plant production and may never harvest the fish.  Aquaponics depends on a biologically active 
water-based ecosystem, allowing for consistent nutrient availability without the use of synthetic 
fertilizers.  Besides the input of fish food, very few other inputs are used in aquaponic food production 
systems.  Research at the University of the Virgin Islands (UVI), St. Croix, produced a balanced 
integrated fish and plant system that has been a model for much of the small commercial aquaponic 
industry in the U.S.  Currently, some aquaponic farms are being organically certified for their crops by 
various certification agencies.  No organic rules for fish exist in the U.S. to date, so only plant crops are 
being certified as organic. 

a) Water-based production 
Most aquaponic systems recycle greater than 98% of their water daily.  As the water is continuously 
recycled, a microbial-based ecosystem develops.  Research in Alberta, Canada has shown that as 
aquaponic systems mature over time, a more diverse ecosystem develops and crop production 
increases (Savidov et al, 2007).   The same researchers have shown that aquaponics can out-produce 
conventional hydroponic growers that are using synthetic fertilizers.  The protagonist microbes are also 
believed to fend off diseases that would otherwise attack a sterile, non-biologically active system.  For 
any aquaponic facility to succeed, a water source with good quality and quantity is required. 

b) Types of aquaponic systems 
Aquaponic systems may be categorized as balanced or de-coupled.  A balanced system is a system 
where the fish provide the nutrients for the plants and the plants purify the water for the fish.   A 
balance is achieved following recommended daily feed to plant area rates.  If a balance is achieved, the 
water quality stays optimal for the fish and the nutrient quantity stays optimal for the plants.  Many 
current systems are balanced systems.   

De-coupled systems are becoming more common.  In these systems, there is separation in some 
manner between the fish and the plants.  The use of fish waste that has been mineralized into dissolved 
nutrients for a separate plant culture system would be an example. De-coupled systems are used in 
temperate climates where the plant greenhouse is only used seasonally.  The greenhouse can be 
isolated during the winter and shut down, while the fish system is designed to operate with other 
filtration methods.  In these regions de-coupled systems also allow the integrated production of cold-
water fish and tropical vegetables. 

c) Fish waste and mineralization in aquaponic systems 
Fish are cold-blooded animals and do not harbor pathogenic E. coli strains.  All published food safety 
data has shown no risk, and more work is being done in this field (Chalmers 2004).  The waste consists 
of dissolved nutrients and nutrients bound in the solids.  Some systems discharge solids, while others 
digest or mineralize the solids in a side loop, then return the dissolved nutrients back to the system 
after a certain digest time.  A digester, or bio-reactor, is heavily aerated allowing aerobic bacteria to 
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mineralize the fish solid waste.  Systems utilizing this technique have become nearly-zero discharge 
systems.   

Nitrification and mineralization occurs whether in soil or water.  The water processes typically occur in 
the soil matrix, but outside the soil matrix it is not well researched or published.  In a sense, water-
based mineralization is aquatic composting.  Nitrification in the water is well researched and published 
as it is the biological process that allows for Recirculating Aquaculture Systems (RAS) to convert toxic 
ammonia to less toxic nitrites to even less toxic nitrates.  Typically, RAS fish farmers utilize a biofilter 
which supports nitrifying bacteria (Nitrobacter, Nitrosommonas, Nitrospiria esp) using a media that is 
designed for high surface area for the billions of bacteria that thrive in the ammonia and oxygen rich 
environment.   

Aquaponic systems provide surface area for nitrifying bacteria on the side walls of the containers used 
(tanks, troughs, etc.), in the root zone, in the filtration system and also on fine particles suspended in 
the water column.  Some aquaponic systems incorporate a denitrification zone where solids are 
allowed to accumulate for a short period of time between cleanings.  As water passes through this zone 
of no oxygen, denitrification occurs, stripping N from the system.  This would be preferential when a 
grower wants to produce fruiting crops.  The process of denitrification will produce alkalinity as a 
byproduct, raising pH or buffering acid produced via the nitrification process. 

The mineralization process is being researched in areas of de-coupled aquaponics, or dual-loop 
aquaponics.  When fish are fed, approximately 70% of N is excreted by the fish (most in the soluble 
form) and 70% of P (most bound in the solid waste).  Growers are removing the non-available solids 
from the system and using a separate bioreactor to mineralize the solids creating dissolved nutrients 
over time. We refer to this as bioponics.  Now the nutrients are dissolved and able to cross cell walls 
into the plant.  Other researchers have identified a very diverse microbial community in bioponic 
systems including plant growth promoters, and other beneficial enzymes the serve as facilitators for 
nutrient uptake as well as a probiotic to pathogen attack. 

Referenced is a paper about this mineralization process as it pertains to the breakdown of fish effluents 
in water (Rakocy, et al 2007).  Many other producers are using this idea now on much larger systems 
to extend use of the original fish food input. 

d) Aquaponic System Factors 
Aquaponic systems can be sited at any location, allowing arable land to be saved for soil crop 
production. Current certified organic aquaponic producers did not have to adhere to a transition period 
like is required by a soil producer.  Breaking in an aquaponics system is referred to as a transition period, 
or an acclimation period.  This allows the microbial population to develop and flourish. 

Most certified aquaponic growers use conventional fish feeds.  The feeds have been formulated to 
provide complete nutrition for the species being reared.  To take pressure off wild fish stocks, 
alternatives to fish meal are being researched including insect and plant based proteins.  One USDA 
Organic fish feed exists currently, but is not required as the fish are not certifiable.  Like most livestock 
feed in the US, most conventional fish feed contains GMO corn and soybean. 
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e) Aquaponic System Designs 
Any hydroponic plant production method can be integrated into a fish-based system to remediate the 
nutrients released by the fish.   

Deep Water Culture (DWC) is the most commonly used method in the commercial setting.  Nutrient 
Film Technique (NFT) is also used.  Smaller systems, or systems that use a low fish stocking/feeding 
rate, often use the flood and drain (ebb/flow) method.  Aeroponics is not commonly used since the 
microbial solution can lead to clogs in the misters.  Vertical towers are sometimes used.  Often, a hybrid 
system is designed using more than one of these techniques. 

f) Fish 
Many options exist for fish in an aquaponic system.  Temperature requirements and tolerance to 
recirculating aquaculture conditions often dictate which fish to choose.  Growers select fish and plants 
that have similar temperature requirements (i.e. Warm-water fish with warm-weather crops). 
Regulatory issues also dictate when fish may or may not be used legally.  The most common fish being 
used across the US are Tilapia, Catfish, Bass, Sunfish, Koi, Sturgeon, Perch, Trout and Ornamentals.  Fish 
health is maintained through Best Husbandry Practices, quality diet, selective breeding for disease 
resistance and maintaining optimum water quality. 

g) Crop Production 
Virtually every type of plant can be grown in some variation of an aquaponics system.  Pest control is 
accomplished through IPM, biological controls, and as a last resort, an organic compliant spray.  Some 
organic compliant pesticides are toxic to aquatic life and are not recommended for use in aquaponic 
systems. Some commonly used organic pesticides toxic to fish are: copper sulfate, Rotenone, and 
sulfur.  

h) Nutrients 
Research from UVI, using rainwater and conventional fish feed, showed three elements lacking for 
optimal growth of lettuce.  The nutrients Ca, K, and Fe may be required as a supplement in an aquaponic 
system, depending on source water quality.  Many systems supplement only Fe.  The form of Fe has 
been a bottleneck in organic certification for some.  pH is often near neutral in an aquaponics system.  
At that pH, Fe particularly is not available.  Aquaponic growers may supplement with a chelated iron, 
allowing the Fe to remain in solution.  One product that is used is chelated with citric acid (Biomin Iron, 
OMRI) and is allowable, but does not promote a healthy system. The addition clouds the system water 
for 24 hours and lowers the pH.   Operating systems at a lower pH can lead to more Fe availability, 
however the health of the fish should be considered when deciding on a system pH level.  Iron chelated 
with DTPA is by far the most common form used by non-certified organic aquaponic growers.  
Producers may identify other deficiencies (perhaps Mg).  Some producers will supplement 
micronutrient products.  These could be organic compliant or not depending on the producer’s goals.  

i) Growing media 
Many planting media options exist for aquaponic growers.  Growers are looking for a certified organic 
plug that uses an organic polymer to hold it together, preventing wash out in the water based systems.  
Coconut media is preferred over peat for most growers.  Many also use a coconut/vermiculite mix to 
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start seedlings.  Ebb and Flow systems often use clay pellets, expanded shale, or lava rock.  Worm 
castings and compost are sometimes incorporated into the planting media. 
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Considerations and Analysis  

a) Bioponics and Organic Certification 
 
Bioponics and other types of container production which rely on biological activity are in a unique 
category of crop production systems that allow for increased conservation of land and water resources, 
a growing area of concern and attention given diminishing resources, rising populations and arable 
land.  
 
These production systems can conserve land resources as they don’t involve tillage, require less 
acreage to produce crops and minimize erosion when the systems are recirculating (closed loop). These 
types of systems can also exist in places where traditional soil-based production cannot, like rooftops, 
land unsuitable for field crops due to soil toxicity or type and areas with seasonably unsuitable climates. 
 
Recirculating systems allow for increased water conservation, as water is added to the system only to 
replenish what’s evaporated and the nutrients and water in the system are constantly recirculated and 
reused by the plants rather than in single applications as in in-ground production. 
 
With regard to bioponics and container production and current USDA regulations, this Subcommittee 
believes that most areas of the standards can be followed as currently written, including implementing 
and maintaining an Organic System Plan, maintaining and providing records at inspection and using all 
organic-compliant inputs.  This question of alignment is limited to production practices surrounding 
crops grown in the ground versus those grown in containers and whether those systems align with 
regard to the ecological focus of organic production, OFPA and the USDA organic regulations.   
 
Citations below (Table 2) address those areas where this Subcommittee believes that bioponic systems 
align with the USDA organic regulations, particularly in terms of environmental/ecological aspects of 
the regulation, such as cycling of nutrients, promoting ecological balance and conserving biodiversity. 
Within these citations, we also address areas where we see that bioponics doesn’t align with the 
current regulations, because the described practices are soil-specific or as otherwise noted. 
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b) Areas of alignment 
NOP 205.2 Terms defined. 
Natural resources of the operation.  The physical, hydrological, and biological features of a 
production operation, including soil, water, wetlands, woodlands and wildlife. 
When considering the natural resources of a bioponic farm, bioponics aligns with this requirement as 
soil is conserved due to lack of tillage and cultivation of plants.  
 
Nutrients are not removed from the soil when a bioponic farm is active above it. The bioponic system 
can be removed from the area and the land, if arable to begin with, can be returned to traditional 
agricultural production. For bioponic systems on non-arable land, as is often the case in urban farming, 
this is not applicable. 
 
Water is actively conserved in bioponic farming, particularly in recirculating systems which add water 
in measured amounts to make up only for that which is lost to evaporation and plant uptake. Bioponic 
systems are designed to maintain their microbial solution indefinitely, rather than be emptied and 
restarted, as in conventional hydroponics.  
 
Further accounting for conservation could include a requirement for the use of only recirculating 
systems or ecologically sound methods for managing water runoff from non-recirculating systems. One 
example of water run-off management could be irrigating in-ground crops, other container crops, 
landscaping, hedgerows or orchards with discharged microbial solution. 
 
Organic Matter:  The remains, residues, or waste products of any organism. 
The organic matter in a bioponic system include compost inputs (teas, solid matrix), some types of 
growing media, some nutrient inputs and the active biology present in the system. While there isn’t a 
constant variable for amount, concentration or combination of compost (whether tea or solid matrix), 
growing media, nutrient inputs or active biology from system to system, all bioponic systems 
incorporate some of these elements. For example, growing media components such as coco fiber, 
nutrient inputs like molasses, and the remains, residue and waste of biological organisms are 
considered organic matter.  
 
Organic Production. A production system that is managed in accordance with the Act and regulations 
in this part to respond to site-specific conditions by integrating cultural, biological, and mechanical 
practices that foster cycling of resources, promote ecological balance, and conserve biodiversity. 
The site-specific conditions of a bioponic farm can vary drastically from a warehouse to a greenhouse 
on a traditional farm to a kitchen in a restaurant, but all can comply with the regulation.  
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Bioponics interprets the cycling of resources as the system’s reliance on biological activity to function 
and, in some cases, the incorporation of plant material back into the production process. Nutrient 
cycling occurs as the microorganisms, bacteria, protozoa and fungi interact and proliferate in the 
microbial solution, mineralize nutrients for plant uptake and release nutrients held in their physical 
bodies into the solution as remains, residue and waste. In some cases, excess plant material from 
bioponic systems can be incorporated into compost and/or compost tea to be reintroduced to the 
system, though this is site-specific and differs from farm to farm. Additionally, microarthropods like 
earthworms are sometimes employed within substrate bioponic systems, which represents another 
integration of biological and mechanical practices, fostering of cycling of resources and promotion of 
ecological balance. 
 
Bioponics relies on the careful balance of the biological ecosystem to produce healthy crops. The 
intention of a bioponic system is to establish active biology and maintain this ecosystem indefinitely 
for the benefit of the crop, diversity of ecology and conservation of resources and inputs. While specific 
levels may vary from farm to farm, bioponic systems require attention to oxygen levels, temperatures 
and food sources in order to keep the biological ecosystem in balance.  
 
§205.200 General. 
“...Production practices implemented in accordance with this subpart must maintain or improve the 
natural resources of the operation including soil or water quality.”   
While formal scientific analysis has not been conducted on the effects of bioponic production on soil 
or water quality, based on field experience, soil quality is maintained at levels that existed prior to the 
bioponic operation as bioponic production doesn’t remove soil nutrients or till the soil for crop 
production. Experiential evidence demonstrates how crops planted in ground previously covered with 
weed cloth for bioponic production were equally productive compared to in-ground crops and did not 
exhibit increased disease pressure or nutrient deficiency once being uncovered and amended with 
standard pre-planting amounts of compost and then tilled. 
 
Similarly, it is expected that water quality would also be maintained at existing levels,  particularly in 
cases of recirculating bioponic systems where the microbial solution is contained within the system 
indefinitely or rarely or minimally discharged. In the cases of drain-to-waste bioponics, analysis would 
have to be conducted to determine what effects the discharged microbial solution may have on overall 
water quality in comparison to the effects of soil-based fertilization of in-ground agriculture. 
 
As bioponic production can take place in locations without arable soil, a determination should be made 
to identify relevant resources to be evaluated for their maintenance or improvement resulting from 
production practices. Water quality would continue to be a relevant resource to evaluate.  
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§205.203 Soil fertility and crop nutrient management practice standard. 
(a) The producer must select and implement tillage and cultivation practices that maintain or 
improve the physical, chemical, and biological condition of soil and minimize soil erosion. 
Similar to §205.200, this subsection also can mean that the lack of tilling and extraction of nutrients 
from the soil and minimal microbial solution discharged from bioponic systems to demonstrate 
alignment with cultivation practices that maintain the physical, chemical and biological condition of 
soil and minimize soil erosion. Based on the same experiential evidence mentioned in response to 
§205.200 and the lack of formal scientific analysis to the contrary, likely the physical, chemical and 
biological condition of the soil would be unaffected by covering the soil to facilitate a bioponic system 
and that minimal soil erosion would occur.  
 
(b) The producer must manage crop nutrients and soil fertility through rotations, cover crops, and 
the application of plant and animal materials. 
This can be applied to bioponic production, specifically to mean that management of crop nutrients 
and growing media fertility are maintained or improved without contributing to contamination of crops 
or growing media in the containers as well as the surrounding ground soil and groundwater.  
 
Crop nutrients and growing media fertility are maintained or improved through the maintenance and 
monitoring of the biological ecosystem’s environment to ensure optimal ranges are met to allow the 
proliferation of active biology throughout the crop and system. The active biology, or organic matter 
as it is interpreted by this subcommittee, would be maintained or improved as the system is established 
and brought into balance.  
 
As bioponic systems have not been shown to affect the soil fertility or crop nutrient management of 
surrounding in-ground agricultural production, it is expected that the requirement of rotations, cover 
crops and application of plant and animal materials to surrounding soil to manage or improve such soil 
organic matter would be satisfied by alternative practices applicable to the operation as detailed in the 
2010 Formal Recommendation by the National Organic Standards Board (NOSB) to the National 
Organic Program (NOP), “Production Standards for Terrestrial Plants in Containers and Enclosures”, 
part 205.205(a,b,c,d) as it is in the cases of organic transplant container production and other container 
systems.  

 
(c) The producer must manage plant and animal materials to maintain or improve soil organic matter 
content in a manner that does not contribute to contamination of crops, soil, or water by plant 
nutrients, pathogenic organisms, heavy metals, or residues of prohibited substances. 
The management of bioponic systems to avoid contributing to the contamination of crops, soil or water 
by plant nutrients, pathogenic organisms, heavy metals or residues of prohibited substances is 
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achieved by maintaining a healthy biological ecosystem within the system and further by minimizing 
discharge into ground soil or groundwater, discharging in a compliant manner when it is necessary to 
discharge microbial solution, maintaining a regular water testing schedule to ensure no human 
pathogens are present in the microbial solution and the use of only organic-compliant inputs in organic-
compliant ways.  Some of these safeguards are enforced further in those operations that are also GAP 
(Good Agricultural Practices) certified.  
§205.205 Crop rotation practice standard. 
The producer must implement a crop rotation including but not limited to sod, cover crops, green 
manure crops, and catch crops that provide the following functions that are applicable to the 
operation: 

(a) Maintain or improve soil organic matter content; 
(b) Provide for pest management in annual and perennial crops; 
(c) Manage deficient or excess plant nutrients; and 
(d) Provide erosion control.  

In a bioponic system, rotation is accomplished with the renewal of growing media at the time when it 
is appropriate for the specific crop. Typically, this occurs at the end of the crop cycle and the growing 
media is not reused to prevent the buildup of pests and because, in some types of container 
production, the accumulation of roots in the growing media prevents its reasonable reuse. In some 
cases, the roots and remaining growing media are composted in accordance with the regulation and 
can be reincorporated into the production cycle to generate some fertility, but is not currently a 
common practice. 
 
As bioponic systems do not impact the soil organic matter below the system as would an in-ground 
crop, it is expected that the requirement of rotations and cover crops to maintain or improve such 
surrounding soil organic matter would be inapplicable to bioponic production.  
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Table 2 

NOP Section Aligns Does not align 

NOP 205.2   Definitions 

Natural resources of the operation:  
The physical, hydrological, and 
biological features of a production 
operation, including soil, water, 
wetlands, woodlands and wildlife. 

The definition speaks to the 
"features of the production 
operation" meaning the 
applicable features. 
Woodlands and wildlife may 
not be applicable for 
enclosed systems, as it is not 
always applicable to in-
ground field production. 
 
Bioponic and container 
operations conserve the soil 
beneath their production by 
not tilling or extracting 
nutrients and minimally 
discharging water solution.   
 
Water is conserved in 
recirculating systems which 
enable greatly reduced 
overall water use. 
 
Recommendations could 
include requirement that 
operations use recirculating 
systems or account for any 
water run-off in drain-to-
waste systems.  

 

Organic Production: A production 
system that is managed in 
accordance with this Act and 
regulations in this part to respond to 
site-specific conditions by integrating 
cultural, biological, and mechanical 
practices that foster cycling of 
resources, promote ecological 
balance, and conserve biodiversity 

Cycling of Nutrients: 
Wikipedia defines Nutrient 
cycle as "the movement and 
exchange of organic and 
inorganic matter back into 
the production of living 
matter.  The process is 
regulated by food web 
pathways that decompose 
matter into mineral 
nutrients." 
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Within biologically active 
container systems like 
Bioponics, microorganisms 
decompose matter into 
mineral nutrients enabling 
them to be used by the 
plants.  Container systems 
which contain a greater 
diversity of growing media 
volume and components may 
include significantly more 
decomposition within the 
growing season.  Container 
based systems for annual 
crop production would likely 
not include decomposition of 
plant material back into the 
system 

 Promote ecological balance:  
Ecological balance as defined 
by the WWF "a state of 
dynamic equilibrium within a 
community of organisms in 
which genetic species and 
ecosystem diversity remain 
relatively stable, subject to 
gradual changes through 
natural succession"  or "A 
stable balance in the 
numbers of each species in 
an ecosystem.” 
 
Bioponics relies on the 
stability of the biological 
ecosystem for the health of 
their system and crops.   

It may not contribute to long 
term ecological stability, but 
rather stability within their 
production cycle. 
 

 Conserving biodiversity is 
described by the WWF as "... 
ensuring that natural 
landscapes, with their array 
of ecosystems, are 
maintained and that species, 
populations, genes, and the 
complex interactions 
between them, persist into 
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the future." This includes 
diversity at all trophic levels, 
birds, beetles, butterflies, soil 
microbes, earthworms, 
mammals and vegetation.   
Wild Farm Alliance adds that 
"It encompasses diversity 
found at all levels of 
organization, from genetic 
differences between 
individuals and populations 
to the types of natural 
communities found in a 
particular area." 
 
While not all trophic levels 
will be found in every 
agricultural system,  
particularly controlled 
environments, bioponic 
systems contain diverse 
ecology within their growing 
media and/or nutrient 
solution 

Organic Matter:  The remains, 
residues, or waste products of any 
organism 
 
 

Bioponic systems which use 
solid matrix, liquid compost 
products or microbial 
products align with the 
definition of organic matter.  

The question of how much 
OM is present to distinguish 
bioponic systems should be 
clarified. 

Production practices implemented in 
accordance with this subpart must 
maintain or improve the natural 
resources of the operation including 
soil or water quality.   (§205.200) 

Container and bioponic 
systems align with this 
requirement.  Particularly 
those with recirculating 
systems.  Because soil on the 
site is not tilled, it could be 
considered to be maintained, 
although not improved.  
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The producer must manage plant 
and animal materials to maintain soil 
organic matter content in a manner 
that does not contribute to 
contamination of crops, soil or water 
by plant nutrients, pathogenic 
organisms, heavy metals, or residues 
of prohibited substances. 
(§205.201c) 

If soil (as defined by the task 
force) is used as part of the 
growing media, bioponic and 
container systems would 
appear to maintain soil OM 
levels for perennial systems if 
additional media is added 
over time.  For short season 
crops, additions of microbial 
rich nutrients would be 
maintaining the OM in the 
container.   
 

For systems that do not use 
soil in their growing media: 
recirculating systems would 
have to manage the 
discharging of microbial 
solution in a compliant 
manner when the system is 
purged and cleaned.  For 
container systems where the 
water drains through the 
container to surface soil, we 
would have to consider if the 
concentration of nutrients is 
significantly different than 
that used in an in-ground 
system sufficient to warrant 
additional oversight 
measures. 

Crop pest, weed, and disease management (§205.206) 
(a) The producer must use management practices to prevent crop pests, weeds, and diseases 
including but not limited to: 

(1) Crop rotation and soil and crop 
nutrient management practices, as 
provided for in §§205.203 and 
205.205; 

Rotation is accomplished with 
the renewal of the growing 
media when appropriate. 
Cover crops are not 
appropriate when the 
rotation includes the removal 
of soil and growing media. 
Applying plant and animal 
materials is required to 
generate fertility. As in in-
ground soil systems, the 
mineralization of the 
animal/plant/mineral 
materials requires a healthy 
balanced 
microflora/macroflora.  

This could be considered a 
soil-specific production 
requirement and an 
exemption for crop rotation 
could be granted for all types 
of container production. 

(2) Sanitation measures to remove 
disease vectors, weed seeds, and 
habitat for pest organisms. 

Managing the nutrient 
solution's healthy biological 
activity (climate, active 
bacteria levels, oxygen 
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levels...) manages water 
pathogens and boosts plant 
immune system to resist 
disease. 
 
Greenhouse ground is 
commonly tarped or covered 
to inhibit weeds and majority 
of pests are excluded by 
protected structure. 

(3) Cultural practices that enhance 
crop health, including selection of 
plant species and varieties with 
regard to suitability to site-specific 
conditions and resistance to 
prevalent pests, weeds, and diseases. 

Selection of varieties suitable 
to container and site and 
system-specific conditions for 
production satisfy this 
requirement. 

 

(b) Pest problems may be controlled through mechanical or physical methods including but not 
limited to: 

(1) Augmentation or introduction of 
predators or parasites of the pest 
species; 

Use of biologicals is common 
practice in organic 
greenhouse container 
production. 
 
Biological pest management 
in water systems is also used 
in container systems, as it is 
in in-ground systems. 

 

(2) Development of habitat for 
natural enemies of pests; 

Containerized banker and 
insectary crops can be used 
for pest management and 
habitat for biologicals. 
Similarly, microbial solution 
conditions that favor 
biologicals are used. 

 

(3) Nonsynthetic controls such as 
lures, traps, and repellents. 

Use of nonsynthetic lures, 
traps and repellents is 
common in organic 
greenhouse container 
production. 

 

(c) Weed problems may be controlled through: 
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(1) Mulching with fully biodegradable 
materials; 

Floors could be tarped with 
biodegradable materials. 

 

(2) Mowing; N/A  

(3) Livestock grazing; N/A  

(4) Hand weeding and mechanical 
cultivation; 

Greenhouse edges are 
commonly managed with hand 
weeding 

 

(5) Flame, heat, or electrical means; 
or 

Greenhouse weeds are 
sometimes managed with 
handheld torches 

 

(6) Plastic or other synthetic mulches: 
Provided, that, they are removed 
from the field at the end of the 
growing or harvest season. 

Greenhouse floors are 
commonly covered with plastic 
or other weed-blocking 
covering during time of 
cultivation. 

 

(d) Disease problems may be controlled through: 

(1) Management practices which 
suppress the spread of disease 
organisms. 

Managing the nutrient 
solution's healthy biological 
activity with climate, active 
bacteria levels and oxygen 
levels satisfies this 
requirement. 

 

(2) Application of nonsynthetic 
biological, botanical, or mineral 
inputs. 

In bioponics, with the 
exception of aquaponics, 
horticultural oils and other 
non-synthetic and biological 
inputs can be used without 
harming biological activity in 
nutrient solution. In the case 
of aquaponics, inputs must 
also be determined to be safe 
for the fish in the system 
before use.  
 
To be avoided are any inputs 
or treatments that 
indiscriminately kill bacteria 
unless nutrient solution is 
inoculated after application to 
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maintain healthy bacteria 
levels. 

(e) When the practices provided for 
in paragraphs (a) through (d) of this 
section are insufficient to prevent or 
control crop pests, weeds, and 
diseases, a biological or botanical 
substance or a substance included on 
the National List of synthetic 
substances allowed for use in organic 
crop production may be applied to 
prevent, suppress, or control pests, 
weeds, or diseases: Provided, That, 
the conditions for using the 
substance are documented in the 
organic system plan. 

In bioponics, with the 
exception of aquaponics, 
horticultural oils and other 
non-synthetic and biological 
inputs can be used without 
harming biological activity in 
nutrient solution. In the case 
of aquaponics, inputs must 
also be determined to be safe 
for the fish in the system 
before use.  
 
To be avoided are any inputs 
or treatments that 
indiscriminately kill bacteria 
unless nutrient solution is 
inoculated after application to 
maintain healthy bacteria 
levels. 

 

(f) The producer must not use lumber 
treated with arsenate or other 
prohibited materials for new 
installations or replacement purposes 
in contact with soil or livestock. 

Adequate alternative materials 
exist to satisfy this 
requirement. 
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Proposed Changes to USDA Standards 
 
 
Relevant Sections of the USDA Organic Standards 

§205.2   Terms defined. 
Aquaponics – A type of bioponic system in which the waste produced from farmed fish, or other 
aquatic animals, supplies nutrients for plants grown in container systems, which in turn purifies the 
water for reuse 
 
Bioponic production – contained and controlled growing system in which plants in growing media 
derive nutrients from natural animal, plant and mineral substances that are released by the biological 
activity of microorganisms 
 
Container – Any vessel and associated equipment used to house growing media and/or the complete 
root structure of plants and to prevent the roots from contacting the soil or surface beneath the 
vessel, such as but not limited to, pots, troughs, plastic bags and liners, etc. 
 
Growing media - Material which provides sufficient support for the plant root system and a diverse 
ecosystem of soil-borne microorganisms 
 
Hydroponics - The growing of plants in mineral nutrient solutions with or without an inert growing 
media to provide mechanical support 
 
Soil - The outermost layer of the earth comprised of minerals, water, air, organic matter, 
fungi and bacteria in which plants may grow roots 
  

§205.208 Bioponic Production Standard 
Any container system from which harvested crops are intended to be sold, labeled, or represented as 
“organic”, must meet all applicable requirements except: §205.202(b), §205.203(a and b), §205.205.    
In lieu of §205.202, §205.203, §205.205, container systems must meet the following requirements: 
 
(a) Growing media.  
1.   Growing media may include soil that has been managed in accordance with §205.202 through 
§205.206 and other substances in accordance with 205.105, 205.601 and 205.602. 
2.   Growing media must be composted, recycled, or reused. 
3.   The containment system must prevent plant roots from contacting underlying soil. 
 
(b)   Growing media fertility and crop nutrient management. 
1.   The producer must manage crop nutrients within the system through the addition and/or 
maintenance of soil-dwelling micro- and macro-organisms and the application of plant, animal, and 
mineral materials in accordance with 205.105, 205.203(c, d and e), 205.601 and 205.602 
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2.   Excess drainage of plant nutrient water must be captured and reused within the containment 
system or used on a crop outside the system. 
 
(c) Crop rotation functions. The producer must implement a system to provide the following 
functions to the container system: 
1.   Maintain or improve organic matter content; 
2.   Provide for pest management in annual and perennial crops; 
3.   Manage deficient or excess plant nutrients. 
 

Organic Systems Plan Considerations for Bioponics 
 
For a bioponics system to be certified organic, a certifier needs to be able to: 
 

"Evaluate an OSP and look for straightforward evidences that a bioponics producer is 
managing crop nutrients within the system through the addition and/or 
maintenance of soil-dwelling micro- and macro-organisms and the application of 
plant, animal, and mineral materials not listed as prohibited in §205.105.” 

 
The following are some suggested ways that an OSP can demonstrate the above by providing 
evidence of organic material microbial cycling: 
 
1.    Frequency and types of plant, animal, mineral material additions 
2.    Frequency and types of microbial and macro-organism additions (ex. Compost, commercial 
inoculants, worms) and reasons for use (ex. nutrient cycling, biocontrol) 
3.    Provide the insoluble and soluble nutrient breakdown of the plant and animal materials added to 
the system. 
4.    Provide lab analysis of the nutrient concentrations in growing media or microbial solution in the 
middle and end of a growing cycle, particularly looking at nitrogen conversion from ammonia to 
nitrite to nitrate.  Nitrifying bacteria are necessary to convert nitrogen to nitrate. 
5.    Provide lab analysis of the plant tissue nutrient levels. 
6.    Records of dissolved oxygen over time and the need to add oxygen to the system (microbes use 
up oxygen as they decompose organic matter). 
7.    Records of biological oxygen demand (BOD).  BOD would be high when organic matter is not yet 
degraded, lower after degradation. 
8.    Records of Oxidation Reduction Potential (ORP).  ORP will be lower when organic materials are 
not yet mineralized, higher after mineralization. 
9.    Records of pH over time (biologically active media usually has natural pH fluctuations and mature 
aquaponic systems will have a decrease in pH over time due to nitrification). 
10. Laboratory analysis of growing media using Formazan Test (measures respiration by 
microorganisms as they decompose organic matter.  The higher the Formazan rating, the more 
biological activity in the soil). 
11. Laboratory analysis of actual microbiology in growing media or microbial solution, throughout the 
system (ex. numbers of active bacteria, fungi, protozoa, nematodes) 
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12. Laboratory analysis of C:N ratio of the growing media overtime (C:N decreases as microbes 
decompose carbon). 
13. Microscope records of microbes in growing media or microbial solution. 
14. If compost tea is used, microscopic analysis records of microbial activity. 
15. If aquaponics, plant to fish ratio, feed inputs over time. 
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Clarifications of 2010 NOSB Recommendations 

Purpose and Context for this Analysis 
Over the past 20 years, the NOSB has addressed and provided recommendations and formal 
comments to the NOP regarding greenhouse, container and hydroponic growing methods including: 
 

1. 1995 – NOSB states that hydroponic systems can be certified if they can comply with OFPA 
2. October 2001 – NOSB Final Recommendation Greenhouse Production Systems 
3. April 2008 – Crops Committee Discussions on Guidance Statements Relative to Soil-less 

Growing Systems 
4. May 2009 – NOSB Crops Committee Soil-less Growing Systems Discussion 
5. September 2009 – Crops Committee Recommendation Greenhouse Production Systems 
6. April 2010 – Production Standards for Terrestrial Plants in Containers and Enclosures 

 
Over this time, container, greenhouse and hydroponic growing practices have significantly increased 
and intensified as commercial growing methods.  In a survey conducted by the NOP in 2010 and 
another in 2016, the results are the following: 
 

 2010 2016 % Change 

Certifiers certifying 
hydroponic/aquaponic 

8 17 112% increase 

Certified 
hydroponic/aquaponic 
operations 

39 52 33% increase 

Certified Container-
based operations 

n/a 69  

* NOP 2010 & 2016 survey to certifiers 
 
The increasing industry movement towards controlled growing systems has further created the need 
for USDA guidance on this matter.  The challenges for developing standards that address container, 
greenhouse and hydroponic growing practices primarily stem from the limited amount of public 
information that has been available to the NOSB/NOP regarding these subjects, especially as it relates 
to hydroponics. 
 
This report section has a primary objective of providing additional information and clarification 
regarding these specific methods and emerging technologies that was not previously available to the 
NOP/NOSB. 
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NOSB 2010 
Recommendation 
Summary 
 
Introduction 
Recommendation addresses 
rulemaking for container based 
media, hydroponics, 
aeroponics and protection 
against commingling. 
 
Background 
States that the NOSB provided 
a clarifying document on its 
soil-less growing position in 
May 2009, attached as an 
appendix to the 2010 
Recommendation; and, that 
although the 2010 
recommendation focuses on 
greenhouse production, it is 
based on the same criteria and 
principles outlined in the 2009 
document.  

Task Force Analysis 
 
 
 
 
Introduction  
No comments. 
 
 
 
 
Background 
The Appendix referred to as the May 2009 NOSB discussion 
has two (2) primary messages: 

1. Hydroponic systems should not be certifiable “… due 
to their exclusion of the soil-plant ecology intrinsic 
to organic farming systems…” (NOSB May 2009) 

2. Properly designed compost based growing media 
“…producing the beneficial symbiotic ecological 
relationships found in soil, such growing media 
should be rightfully considered soil.” (NOSB May 
2009) 

 
Regarding point number 1 above – that hydroponic systems 
exclude soil-plant ecology. This is true for the first 
generation of hydroponic systems that first emerged, where 
inert, synthetic nutrients are used as the plant nutrition 
source.  However, there are a variety of different 
hydroponic growing systems that do not use any synthetic 
nutrients at all, but rather use plant, animal and mineral 
inputs only that rely on soil-plant microbial action (such as 
nitrifying bacteria, protozoa and fungi found in soil) to 
convert such inputs into plant usable form. This is described 
in more detail in other areas of this report. 
 
Regarding point number 2 above – the NOSB establishes 
the concept of equivalency between compost and soil 
because compost is capable of achieving the same functions 
as soil.  By the same logic, a properly designed bioponic 
system is capable of achieving the same functions as 
compost would beneficial biology, then a bioponic system 
should rightfully be eligible for organic certification. 
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NOSB 2010 
Recommendation 
Summary 
 
Discussion 
“Organic farming” refers to the 
practice of maintaining or 
improving carbon containing 
organic matter in soil through 
various methods – the organic 
matter itself is not what is 
necessarily important but 
rather the diverse microbial 
populations that it proliferates.  
The organic farmer “is not just 
a tiller of the soil, but a 
steward of the soil ecology” 
(NOSB 2010).  Thus, 
hydroponic systems that 
eliminate such soil ecology, 
cannot be acceptable organic 
practices. 

Task Force Analysis 
 
 
Discussion 
The discussion by the NOSB in the 2010 recommendation 
defines the following key principles: 
 

1. It is not the physical soil that is necessarily 
important, but the biological ecosystems that it 
fosters. 

2. “The organic farmer is not a tiller of soil, but a 
steward of soil ecology” (NOSB 2010). 

3. Growing systems that eliminate soil ecology should 
not be certifiable. 

 
The NOSB 2010 discussion provides emphasis that the core 
principal of organic farming is the concept of fostering soil 
biology to create symbiotic relationships with the plant.  
Physical soil itself is not necessary so long as the soil 
ecosystem can be fostered and achieved – this is clarified 
further by the statement that a properly designed compost 
based growing media (which is not soil) where typical soil 
dwelling organisms can thrive, should rightfully be 
considered soil – demonstrating the NOSB’s 2010 position 
that if proper soil functions can be achieved, the physical 
soil itself is not necessary, such as the case with compost-
based container systems. 
 
Based on these principles of achieving equivalent soil 
functions, as does a properly designed compost container 
growing system, there also exist specific types of organic 
hydroponic growing systems that also achieve such 
equivalent soil functions by integrating plant, animal and 
mineral inputs with organic growing media and high levels 
of soil microbiology.  It is important to differentiate that 
hydroponic systems can be fundamentally different from 
one to the next with respect to inputs and biology, as can 
any open field farm.  For the purpose of this analysis, it is 
important to understand that the hydroponic systems that 
should be considered for organic alignment are only those 
that specifically achieve, promote and maintain a soil-
microbial ecosystem that soil or a compost-equivalent 
would achieve. 
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NOSB 2010 
Recommendation 
Summary 
 
Relevant Areas in the Rule 
OFPA §6513(b) requires an organic 
plan designed to foster soil fertility. 
The resulting NOP regulations are: 

● §205.203(a) – producer 
must implement tillage and 
cultivation practices that 
maintain or improve the 
physical, chemical and 
biological condition of the 
soil; 

● §205.203(b) – producer 
must manage crop nutrients 
and soil fertility through 
rotations, cover crops and 
the application of plant and 
animal materials; 

● §205.203(c) – producer 
must manage plant and 
animal materials to 
maintain or improve soil 
organic matter content in a 
manner that does not 
contribute to contamination 

 
Reiteration that compost is a soil-
equivalent and should be rightfully 
considered soil because it achieves 
the same functions of fostering soil 
ecology.    

Task Force Analysis 
 
 
 
 
Relevant Areas in the Rule 
NOSB’s 2010 recommendation that compost be 
considered soil is acceptable because OFPA §6513(b) 
requires an organic plan to foster soil fertility – but not 
necessarily contain soil, thus consistent with the 
concept that properly designed compost that achieves 
all soil functions should be considered soil. 
 
NOP §205.203(a-c) describes required practices to help 
foster soil fertility which is directly applicable for open 
field operations.  The NOSB has addressed the need for 
NOP to modify the rule to create additional guidance 
and exceptions where necessary for greenhouse and 
container growing systems in 2001, 2003, 2008, 2009 
and 2010, specifically with respect to §205.203 – tilling, 
crop rotations and cover crops.  The specific 
modifications recommended by the NOSB is described 
in the next section. 
 
Hydroponic growing systems are a type of container 
growing system that would require the same rules 
applicable to greenhouse container systems.  
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NOSB 2010 
Recommendation 
Summary 
 
Terms Defined: 
 
Greenhouse – permanent 
enclosed structure… used to 
grow crops… in organic 
production 
 
Hydroponics – the production 
of normally terrestrial, vascular 
plants in nutrient rich solutions 
or in an inert, porous, solid 
matrix bathed in nutrient rich 
solutions 
 
 
 
 
 
Aeroponics – a variation of 
hydroponics in which plant 
roots are suspended in air and 
misted with nutrient solution 
 
Containers – any vessel and 
associated equipment used to 
house growing media and the 
complete root structure of 
terrestrial plants and to 
prevent the roots from 
contacting the soil or surface 
beneath the vessel, such as, 
but not limited to, pots, 
troughs, plastic bags, floor 
mats., etc. 

Task Force Analysis 
 
 
 
 
Terms Defined: 
 
Greenhouse – no comment 
 
 
 
Hydroponics – this NOSB’s 2010 definition captures the 
description for a conventional/non-organic hydroponic 
system.  As explained in other areas of this report, there are 
organic hydroponic systems that are fundamentally 
different than the non-organic system described to the left. 
A more appropriate definition for an organic hydroponic 
system could be: A container production system that 
derives the majority of nutrients from animal and plant 
based organic matter and relies on soil food web 
microbiology to make nutrients available to plants. 
 
Aeroponics – this is a mechanical variation of a hydroponic 
container system where water, nutrition and biology is 
sprayed onto plant roots, as opposed to being in direct 
contact. 
 
Containers – this definition is consistent with classifying 
hydroponic systems as a type of container system. 
 
 
 
 
 
 
 

 
 

 

Recirculating System with additional 
growing media in separate container 

Recirculating System 
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NOSB 2010 
Recommendation 
Summary 
 
Growing Media – Material 
which contains sufficient 
organic matter capable of 
supporting the plant root 
system and a natural and 
diverse soil ecology 

Task Force Analysis 
 
 
 
Growing Media – In a container system, materials are mixed 
together to achieve the equivalent properties of soil including 
materials that provide support, nutrition and biology. The base 
substrate can be/include coco-fiber, peat, perlite, water, 
compost, etc.  Some systems use water exclusively as the 
growing media – with properly designed aeration, inputs and 
biology, water can be a very good host for soil microorganisms. 
 
Similar to the concept of a properly designed compost achieving 
soil equivalency, a properly designed growing media can also 
achieve the same properties. 
 
It is impossible to determine a universal volume of growing 
media that is necessary to support plant root systems.  Rather, 
the inputs/contents of the growing media should be measured 
to determine adequacy rather than volume.  A well-designed 
growing media versus a poorly designed growing media will 
vary tremendously in volume to achieve equivalent results; 
therefore, the makeup is more important than the volume. 

 
In a recirculating container system where water and nutrition 
are shared by all plants in the system, the entire system must 
be considered as a single “container” as opposed to individual 
plant sites because all resources are shared and biology flows 
and distributes freely among the plant sites.  In many systems, 
there are often large containers with organic material and 
significant amounts of biology where water continuously 
recirculates along with all plant sites adding additional 
biological holding capacity beyond the individual plant sites.  
Thus, the entire system must be considered as a single 
container.  See illustration: 
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NOSB 2010 Recommendation 
Summary 
 
Recommendation - § 205.209 
 
NOSB 2010 recommendation for additional 
rule(s) and exception(s): 
 
§205.209(a)(1) – greenhouse container 
systems with growing media that does not 
contain soil is exempt from 205.202 (b) and 
(a) 
 
§205.209.a.2 – container systems are exempt 
from crop rotation and cover cropping 
requirements in 205.203(b) and 205.205. 
 
In lieu of crop rotation and cover cropping, 
soil regeneration and recycling practices shall 
be implemented to “demonstrate that the 
required functions/goals of crop rotation and 
cover cropping in 205.205(a,b,c,d) have been 
achieved through these alternate practices, 
as applicable to the operation” (NOSB 2010) 

Task Force Analysis 
 
 
Recommendation - § 205.209 
 
In NOSB’s 205.209(a)(1) recommendation, it 
is explicitly recommended that container 
systems that do not contain soil are [should 
be] exempt from cover cropping and tillage 
requirements.  This is specifically important 
to note that the 2010 NOSB 
recommendation, and virtually all other 
2001, 2003, 2005, 2009 recommendations, 
align with the principal that soil is not 
required if the functions can be achieved by 
other methods/organic materials. 
 
This same reasoning is used throughout the 
rest of the recommendations provided by the 
2010 NOSB where the concept of achieving 
equivalency or “functions/goals” of required 
practices are acceptable alternate practices. 
 
This is specifically important because as 
stated in NOP §205.2: “Organic production 
[is] a production system that… respond[s] to 
site-specific conditions by integrating 
cultural, biological, and mechanical practices 
that foster the cycling of resources, promote 
ecological balance and conserve bio 
diversity.”  The key is that farming is, by 
nature, site-specific and the grower must be 
able to uniquely adapt to his/her 
environmental constraints/resources. 
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NOSB 2010 Recommendation 
 
§205.209(b) – growing media ingredients 
shall be verified by certifying agent and shall 
not include prohibited materials.  Growing 
media shall contain sufficient organic matter 
capable of supporting natural and diverse soil 
ecology.  For this reason, hydroponic systems 
should be prohibited. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
§205.209(c) – producers may use full-
spectrum light sources. 

Task Force Analysis 
 
§205.209(b) – The 2010 NOSB 
recommendation makes an important 
distinction that the growing media “shall 
contain sufficient organic matter capable of 
supporting natural and diverse soil ecology.”  
The emphasis is on supporting the soil 
ecology, not the plant, which allows the 
grower the important flexibility to make 
soil/nutrient amendments, as needed, to the 
growing media based on environmental 
conditions and crop requirements – i.e. the 
ability to “feed the soil.” 
 
The statement that hydroponic systems 
should be prohibited because they do not 
contain growing media that can support soil 
ecology, again, is true only for inorganic 
hydroponic systems that are based on 
sterile/inert synthetic solutions.  On the other 
hand, organic hydroponic systems (a form of 
bioponics) contain substantial soil biology 
including large numbers of bacteria, fungi, 
protozoa and nematodes, found in soil – in 
many cases, organic hydroponic systems use 
the same organic potting soil mixes used in 
common organic pot containers. 
 
 
§205.209(c) – this issue is not specific to 
hydroponic growing, but rather greenhouse 
growing in general.  Supplemental lighting is 
an important tool for both ornamental and 
vegetables growers alike to extend day length 
during the winter and grow during times of 
the year that would otherwise be impossible.   
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Appendix 

Greenhouse technology to promote soil life 
Life in soil and growing media is a huge contributor to nutrient availability, good structure, plant, soil 
and growing media health. Biological farms can use technology or practices that help increase this 
biology, and ideal conditions are reached, for biology to thrive. 

pH that is not too low or too high 
In general, bacteria prefer slightly acidic environments, or low pH. Fungi prefer slightly more basic 
environments or higher pH. Earthworms do best at a neutral pH. If the pH is too far toward either 
extreme, none of the organisms that help the crops will do well. 
In a greenhouse environment, pH control can be achieved very precisely since there is no influence 
from heavy rain that could leach elements like Ca and Mg and create acidic environments. The pH value 
of a soil is influenced by the kinds of parent materials from which the soil was formed. In a container 
the volume of media allows changes to pH to be made and levels kept in check with adjustments 
allowable if needed. (Clemson University, Cooperative Extension.) 

Stable Temperatures of Soil or Growing Media 
In order for roots and soil life to survive, the temperature has to stay relatively moderate, which is why 
it is recommended to keep soil covered with growing plants or residues of plants, and to avoid bare 
ground. Bare soil would be too cold in winter and too hot in the summer. Even on covered soil, the 
influence of winter to the top layer of the soil will cause biology to be dormant or not active enough 
and a slowdown of processes like mineralization and nutrient cycling would be expected. 
 
In container growing, conditions of temperature of media and water can be controlled very accurately, 
using technology (heating and cooling systems) that keeps ideal conditions of temperatures inside the 
greenhouse. Also water temperature can be regulated to better fit the conditions for biology to thrive.  
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Soil life wants a Carbon source to feed on 
Carbon is food for microorganisms. They need a blend of slow and fast released carbon sources, with 
the slow released carbon sources feeding fungi and the fast releasing materials feeding bacteria. 
Diversity of food is important in order to have diversity of organisms. 
 
Some container growers are able to grow plants in growing media that is rich in organic matter of slowly 
released carbon, like peat, coco coir and bark. These materials are good fungal carbon sources and 
provide excellent pathogen-free growing media. These growing systems require continuous fast 
release carbon sources to feed the biology and the crops. 
 
When growing in low organic matter content soils (<2%) biology would never reach full potential of 
activity and it could take several years to increase organic matter in soil by 1%. 
 
Why does it take so long for organic matter levels to increase? An acre of soil six inches deep weighs 
about 1000 tons, so increasing the proportion of organic matter from two to three percent is actually 
a 10-ton change. However, you cannot simply add 10 tons of manure or residue and expect to measure 
a one percent increase in soil organic matter. Only ten to twenty percent of the original material 
becomes part of the soil organic matter. Much of the rest is converted over several years into carbon 
dioxide. (University of Minnesota extension). 
 
Fine-textured soils can hold much more organic matter than sandy soils for two reasons. First, clay 
particles form electrochemical bonds that hold organic compounds. Second, decomposition occurs 
faster in well-aerated sandy soils. A sandy loam rarely holds more than 2% organic matter. 
 
Low, poorly-drained areas have higher organic matter levels, because less oxygen is available in the soil 
for decomposition. Low spots also accumulate organic matter that erodes off hilltops and steep slopes. 
(University of Minnesota extension). 
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Case study 1 - Bioponic Tomato Growing 
 
The container system consists of multiple three-gallon plastic containers with four tomato heads in 
each.   These containers are placed on a metal trough. There are holes in the containers to allow 
water to drain out and be collected and partially recycled.  The growing media consists of a coarse 
mix of coconut husk which comes pre-washed to reduce salt content.  This media must be mixed with 
fertilizer and soil microbes to establish sufficient soil ecology and nutrient cycling before seedlings are 
planted.  This takes approximately one month.   Biology is introduced to the media through compost 
tea or solid compost application.  Between ten to fifteen earthworms are added to each container to 
enhance media structure, increase microbiology, and increase nutrition through processing of organic 
material into fertilizer.  Nutrition is also added to enhance the growth of soil microbes and add 
nutrition for plants.  Approximately 50% of the nutrition needs of the plant can be added at this 
point.  During the month long incubation period, this media mix is exposed to optimal temperature 
and water content to allow the microbial population to increase and diversify as they decompose the 
solid fertilizers and coconut husk itself. 
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After planting the seedlings in this growing media, it is necessary to add supplemental nutrition 
throughout the growing cycle (approximately one year).   About once per week, solid and liquid 
nutrients are added to the growing media.  Some fertilizer can be applied through the irrigation lines 
because they are soluble enough and will not clog the lines.  The use of soluble nitrogen fertilizers is 
limited because of their high costs, for instance for plant-based amino acids.  As long as the sodium 
nitrate rule continues to apply, it will be used as a lower cost nitrogen source.  Soluble organic-
compliant inorganic minerals are also added through the irrigation system, such as potassium and 
magnesium sulfate.  Other liquids which can clog the irrigation lines are added as a drench, such as 
fish emulsion, certain fulvic acids, kelp, rock phosphate and gypsum in liquid form, and any products 
which are oil in nature or contain biology.  Solid fertilizers will also be applied to the growing media to 
provide continuous slow-release of nutrition.  Organic granulate products with higher concentrations 
of multiple elements are top- dressed on the growing media but are manually worked into the media 
so that the soil biology can access it readily.  
 
The biological analysis shown below is from a sample taken of growing media about halfway through 
a crop cycle.  The number of bacteria, fungi, protozoa, and nematodes is above expected levels to be 
found in a typical organic soil.  This means it has a high capacity to cycle nutrients, equivalent to over 
300 lbs. nitrogen per acre.   This level of nutrient cycling is achieved even with a small container size 
of three gallons. 
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The irrigation cycles are dependent on many environmental variables, including amount of solar 
radiation, humidity, and continual measurements of soil moisture within the containers.   During 
radiation peak hours, plants are irrigated three times per hour.  Every time they are irrigated, it 
includes the soluble nutrients in the line.  The collected drain water is filtered through 5-micron silica 
media filters to reduce solids suspended in the water which could potentially clog the system.   The 
water is then ozonated to eliminate any pathogens that might be present.  After a short time, ozone 
(O3) converts to oxygen (O2).  This increases the dissolved oxygen level in the irrigation water to 13 – 
15ppm which keeps the irrigation lines cleaner and promotes biology in the root zone. 
 
While ozone oxidizes any organic matter in the water, including beneficial microbiology, data from 
this system shows very high concentrations of soil microbes in the growing media and relatively lower 
microbial levels leaving the system through drainage.  As long as plant and microbial foods are being 
added to the containers, the microbes stay in the container doing their work.  Therefore, the “sterile” 
water being re-circulated into the system is not killing the critical microbial workers of the system.  
Continued monitoring of the microbiology in the growing media is necessary in case replenishment is 
needed.  For example, on a cloudy weather week, the plants would not be as photosynthetically 
active and have little energy left over to produce exudates for root microorganisms. On colder days, 
the root zone is colder, decreasing reproductive rates of the microbes.  
 
After a year-long growing season, the same container of growing media can be reused to grow a 
cucumber crop.  After growing cucumbers, the growing media is then incorporated into the soil at the 
site and used for cover crop or summer crops like squash, eggplant, and cucumbers.  A fraction of the 
earthworms will be harvested and transferred to new containers for the next container crop. 
This system has been designed and adjusted for a decade based on the advice of biological and plant 
nutrition experts.  It has consumed much time and money to be able to achieve this commercially 
viable organic system of tomato production.  
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Case study 2 - Decoupled Bioponic NFT  
The system consists of 900 NFT channels, divided into three systems of 300 channels each, with 20 flat 
channels dedicated to nursery production in each system. These channels are placed on a raised platform and 
connected to the underground portion of the system with spaghetti tubes at the head of each channel and a 
return channel at the foot of the channels.  
 
 

 
 

 
The water solution recirculates constantly and receives supplemental 
water to account for evaporation via an autofill valve connected to the 
system’s return tank and onsite well. The system’s plumbing includes 
multiple oxygen sources and gravity fed tanks designed to introduce 
oxygen throughout the system. Filters are installed throughout the 
system to prevent clogging from loose debris. 
 
The growing media consists of coco fiber, perlite, and two species of 
trichoderma. Basil seedlings are produced in standard plastic nursery 
trays and grown in the nursery channels within the recirculating system 
until the seedlings are root bound. At that point, they are transplanted 
into the NFT channels, allowed to grow to maturity and then either 
harvested as living plants or cut as loose bunches. Roots and growing 
media are then incorporated into the site’s soil for production of other 
organic vegetable and herb crops. 

 
 
The balanced water solution consists of a microbial inoculated molasses-based fertilizer, bacillus species, 
nematode species and well water. When starting the system for the first time, the system’s return tank is filled 
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with water and the microbial inoculated fertilizer. At addition, the microbial population in the fertilizer is 
dormant. As the water, fertilizer and microbiology circulates through the oxygenated system, the biology is 
activated, resulting in a stable pH and mineralization of the fertilizer’s nutrients. This process can take 
anywhere from one day to one week depending on the plant load and age.  
 
Once the system is balanced, plants are grown and harvested constantly and the system runs continuously 
with additions of the same microbial inoculated molasses-based fertilizer added automatically to maintain a 
preset EC level, bacterial food source and active biology. Nematode species and bacillus species are added to 
the system via the nursery channels and growing channels, respectively, for disease suppression and overall 
plant health.  
 

 
 
Dissolved oxygen, water temperature, EC, pH and water solution levels are monitored and recorded twice 
daily. Active biology is observed under a 400x microscope when disease symptoms are present, before and 
after inoculation with nematode or bacillus species and at random intervals for observation. 
 
This system has been designed and adjusted for two years to minimize water, fertility, media, seed and labor 
inputs and to maximize the health and yield of various types of organic basil production.  
 
 
Case study 3 - Bio Digestion within a Water Culture System 
This process begins with brewing a compost tea with additional protein inputs for approx. 36 hours, 
or until samples under microscope shows a diverse level of microbial activity. We are specifically 
looking for bacteria, protozoa, and hyphae. Aeration is constant and temperature is maintained at or 
around 75 deg. Observing bacteria and Protozoa help identify if nitrification is or will be occurring. 
When the desired biology is observed, the tea is then added to the greenhouse reservoir of 
recirculating irrigation water feeding an NFT system. This typically occurs twice per week, but the 
environment, systems, and crop dictate actuals.  
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The crop is produced in a 4,200 sq. ft. greenhouse with a 1,500 gal reservoir for the recirculating 
water and produces over 60,000 plants per year with each plant weighing about 1/3-1/2 lbs. (without 
roots attached). The plants are seeded using a common organic potting mix consisting of peat, 
perlite, and compost, in a flood and drain system, using the same fertility, at lower rates, and 
methodology.  
 

  
 

After 3-5 weeks, when the roots begin to bind in the tray and they are easy to remove from the tray, 
they are planted in the NFT system where they will be grown to maturity over approximately three 
weeks. The growing environments temperature is regulated, as well as the temperature and oxygen 
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content of the irrigation water of the recirculating system to ensure the metabolism of the system is 
hyperactive to digest the organic matter and synthesize nutrients.  
 
The metabolism of the system is monitored by measuring pH, EC, and observing plant development 
of both the leaf tissue and root structure. There is typically organic matter built up in the roots and 
slight discoloration, but the plants have primarily white roots with green and well developed leaf 
tissue and favorable growth rates. 
 
Monitoring has shown that, after compost tea was added, the pH decreases several hours later, as 
insoluble nitrogen converts to ammoniacal nitrogen. Then the pH stabilizes for a period of time, but, 
as the pH begins to rise, this is considered as a sign that the available nitrogen has been depleted and 
it is time to add more tea to the system. This occurs typically twice per week, but the system and its 
ability to metabolize dictate actuals. It can take several weeks to get the nitrogen content built up to 
adequate levels. 
 

 
A vital component of the system is the biological digester. A digester, in this case, is essentially a 
media filter, but using a volcanic stone as a media. The more surface area of the media, the more 
biological activity, which is why the volcanic rock is chosen to be the media of the digester. As the 
inoculated water (from compost tea) passes through the digester, the organisms colonize the volcanic 
rock, creating a "microbial field" containing the same organisms found in healthy organic soils 
including bacteria, protozoa, mycorrhizae, nematodes, earthworms, etc. As organic matter in the 
water passes through the digester, the organisms consume the organic matter causing nitrification 
and other biological processes to occur. The organisms also inoculate the plants roots zones, creating 
an even larger microbial field in the NFT system and increasing the metabolism of the system as a 
whole. Samples are taken from both the digester and the plant root zones to observe and ensure 
biological activity.  
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The plant roots provide stimulants to the organisms to encourage their activity. This system can show 
that there is as much or more biological activity in bioponic systems than in many healthy soil or 
compost samples observed. However, each system, environment, soils and compost, used to 
compare are different.  
 
By providing an ideal environment for both the plants and the organisms, the organisms live in 
harmony with the plants and do work on their behalf. Controlled environments and recirculating 
irrigation systems like the NFT provide the grower with certain levels and capability of control, but 
also put more responsibility on the grower to create a habitable and productive environment not 
having any buffers. 
 
Why: Reasons why this system is used include but are not limited to: 
 

● Water - Recirculating systems have shown to use much less water than conventional 
production systems since the water is contained, some say up to 90% water savings, although 
there are many variables between various production systems. In San Diego, for example, the 
cost of water is now above $2,100/acre foot, more than double the cost than just 10 years 
ago. The reality of it is that the access to available free water will only become more limited, 
which will continue to encourage and upward pressure on water pricing. Also, irrigation water 
has caused massive environmental damages, whether it be the brine that fill the Salton Sea 
which is a designated agricultural sump or the degradation of the Great Coral Reef, and 
although organics may mitigate that exposure, it doesn't guarantee exclusion of salt runoff to 
groundwater. 
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● Yields - Because a containerized system provides a unique level of environmental control that 
allows for an ideal environment for plants and biology to thrive, an increase in yields can be 
achieved. The system described here produces 17 turns per year with losses of less than 5%. 

● Land Use - This system, and other containerized systems, allow growers to put into production 
small plots of land that may not have been the right scale to provide the needed returns, land 
that is contaminated and land that urbanized. 

 
 
 
Case study 4 - DWC Aquaponics 
  
Three replicated, balanced Deep Water Culture (DWC) Aquaponic systems have been in continuous 
operation for 6 years producing tilapia fish and primarily lettuce, herbs and other leafy green crops.  
During this time only city water, fish feed and supplemental iron have been added.  The water 
solution is fully recycled through one water pump running 24 hours/7 days per week.  Top-off city 
water is added weekly, with the systems using approximately 0.5% system volume per day (due to 
transpiration and evaporation).  Each system holds approximately 18,000 US gallons of water.  The 
components of each system include 2 fish rearing tanks, 4 tanks used for solids removal and 
mineralization of fish effluents, and two deep water hydroponic troughs (8’x75’x1’), one water pump 
and one air blower.  Air stones deliver air to the fish tanks as well as the hydroponic troughs.  Simple 
hoop house structures are used to protect the plants from the elements.  Poly material is used in the 
winter, replaced with shade cloth during the extreme summer heat.   
 

  

Fish 
Young 1g tilapia fish fry are purchased and reared in protective recirculating aquaculture systems 
until they reach 50g, in about 4 months.  At that time fish are released into the Aquaponic system 
tanks.  1250 fish are stocked into each 3000 gallon fish tank.  After another 6 months, the tilapia are 
ready for harvest (approximately 900g).  When a fish tank is harvested completely, the next cohort of 
50g fish is stocked into the tank.  Feed is complete nutrition for tilapia from Cargill Feed.   
Snails are a persistent problem along surfaces of the container system.  They multiply rapidly and 
graze fixed film bacteria, including beneficial nitrifying bacteria.  To combat this pest, the farm uses 
the biological control fish, the “shellcracker” (aka, pumpkinseed, red-ear sunfish, Lepomis sp.).  The 
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sunfish are stocked at 10 fish per hydroponic trough and have completely eliminated the snails and 
their reproduction. 
Fish Health is ensured through optimal water quality conditions for tilapia and good husbandry 
practices.  Genetics and diet also contribute greatly to fish well-being.  Tilapia survival is greater than 
99%. 

  

Plants 
Seedlings are started in a mix of coconut coir/vermiculite outside of the main aquaponic systems 
using approved organic seedling production methods.  After 2-3 weeks, seedlings are transplanted 
into the DWC aquaponic systems.  The seedlings are placed into of nest of long-fiber coconut coir in 
3” net pots on a food-grade plastic floating raft.  With a three week grow out period, 1800 plants are 
harvested, transplanted and seeded weekly.  Plants including flowers, cucumber and herbs may be 
harvested multiple times before replanting. 
Common plant pests are caterpillars and aphids.  Besides a well-developed IPM plan, biological 
controls may be used occasionally and organically approved sprays when required are used.  Other 
diseases like mildews, molds, viruses, etc… are controlled using organic methods.  Root rot (Pythium 
spps.) is common in water based systems and is exacerbated when temperatures rise above 27C.  
During these hot months, crops are rotated to resistant plants such as cucumber, basil, and other 
herbs and vegetables.  During the mild winters the farm produces primarily kale, bok choi, lettuce and 
herbs. 
The produce is primarily sold via wholesale to a local grocery chain.  Food is also regularly donated to 
the local food bank in the community.  Most plants are sold as living plants, others like kale and beet 
greens are sold as cut leaves.   
  

Shared Water Quality 
Water quality parameters are optimized for fish health, including high oxygen, low ammonia and 
nitrite nitrogen, and low total suspended solids (TSS).  Plants are then selected that produce well 
under these conditions.  Most plants produced have shown iron deficiencies from lack of inclusion in 
fish feed.  Options for iron supplementation are currently being trialed on the farm and Fe levels are 
maintained at 2ppm.  Included at the end of this case study is a water nutritional analysis from two 
current systems (Sample A and B).  An analysis of source water (city water) is also included (Sample 
S).  Farm staff monitors water quality 3x weekly for pH, Temp, EC, Ammonia, and Nitrite.   
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Effluent Management 
The systems grow fish at a rate of approximately 0.5lbs/gallon of fish tank at final biomass.  Feed is 
given at a rate of 35g/m2 of plant area/day.  Consistent nutrient input balanced with consistent 
nutrient uptake, by staggering fish and plant production, creates a system that provides optimum 
water quality for the fish and plants.   
Large solids are collected at the bottom of a cylindro-conical clarifier tank and discharged from the 
system.  Approximately 3 US gallons are discharged from each system daily.  This effluent is 
incorporated into the soil around the farm, either directly or applied to an active compost pile.  Three 
additional solids removal tanks follow, allowing for the microbial mineralization of fine suspended 
solids into usable plant nutrients.  Each tank has fine filter screens on the outlets that trap the fine 
solids preventing them from entering the deep water hydroponic troughs.   
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Case study 5 - Container production systems 
 
As a growing sector of agriculture, container production has increased and diversified considerably within the 
past 5 years. Responding to increased variability of climatic conditions, including droughts in western states 
with limited access to quality water as well as increased land prices, innovation in this sector has led to, and 
continues to increase adoption of these production practices.  As innovation increases, it is important that 
regulatory processes take into consideration not only production practices in place today, but also 
development over the coming years. As resource restrictions and production systems evolve, operations and 
certifiers are looking to the 2010 recommendation and future clarification to understand what systems are 
allowed under USDA organic regulations. 
 
Perennial crops grown in containers 
This section provides a case study of 2 certified organic container perennial berries and is presented as a real-
life example of container systems currently within our organic agricultural universe. These systems highlight 
specific regulatory challenges for certifiers as well as specific production benefits realized by the growers. The 
information in this section was provided by Ian Justus, Driscoll Strawberry Associates Sr. Manager Controlled 
Environment Production. This is presented in order in order to further the dialogue about container 
production, and is not intended as an endorsement of this system or its alignment with OFPA or the USDA 
organic regulations. 
 
The photos below show two certified organic perennial container systems for blueberries and raspberries in 
California. The systems are a rapidly growing sector of organic agriculture in the West and range in terms of 
their specific production practices including:  Crop, growing media, container size and fertility program.  These 
systems have been developed over the past 3-4 years and have not yet reached the end of lifecycle for these 
crops which is expected to be 8-10 years.  This is an active time for research and system refinement.   
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Blueberries do particularly well within this type of system due to the low pH of the peat based growing media 
and consistent delivery of water and nutrients. Tunnels are not enclosed, and the metal hoops will be covered 
with plastic to create warmer temperatures and diffuse light. Weed cloth covers the soil.  This system could be 
in place for 8-10 years. 
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This photo shows Raspberry production in containers.  No weed cloth has been used at this site, however this 
system uses similar practices to the blueberries such as high tunnels covered with plastic and other specific 
production methods. 

Container size ranges from 10-40 liter pots.  The size of the container is based on the eventual size of the root 
mass of the plant, lifespan of the crop and the volume of growing media needed.   

Growing media consists mainly of peat, coconut coir and perlite.  Some growers may also include compost, 
wood chips or solid fertilizer such as guano.  The analogous non-organic system uses pure coconut coir 
because the increased surface area and organic matter content provided with the peat is not needed due to 
the highly available nutrients used in the non-organic system.  Blended media is more common in the organic 
systems because it provides better buffering for moisture and fertility retention (increased CEC) and higher 
organic matter, and therefore surface area for needed to support biological activity.   

Fertility is derived predominantly from liquid fish and with some operations using hydrolyzed (and other) soy 
products (less common due to high cost) fed through the irrigation lines.  Some growers also use compost or 
other solid-state fertilizers as part of the growing media, but this is not typical.   
 
Biological Activity is mostly the result of microbial populations in the air which colonize growing media under 
the right moisture and temperature levels.  Microbial products may or may not be added to encourage of 
speed up establishment of these populations but research with these systems has shown that is isn’t necessary 
in order to establish microbial populations. Additionally, the organic systems outperform comparable non-
organic systems which these growers attribute to the benefits the organic systems see from the established 
microbial populations.   
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Production benefits found with container perennial crop production 

Producers report specific production benefits using container production which is increasing interest and 
conversion to these systems. In addition to the 3 benefits discussed below, producers report higher yields, 
extended growing season and improved conditions for workers due to the cleaner conditions, higher plant 
height and consistent production. 

A. Precision 
The key benefit these growers find when using container production for these perennial systems is precision.  
These systems are extremely water and fertility efficient.  Plants are watered several times a day with very 
precise amounts and little to no run-off.  Liquid fertility is also delivered in very precise amounts down to ppm 
of fertility needed by the plant.  In terms of both water and fertility, plants are given “exactly what they need 
exactly when they need it.” This has allowed plants to thrive and produce fruit more quickly when coupled 
with specific varietal selection. 

B.   Reduced resource use 

Even with planting densities much higher than in-ground systems, producers see a 40-70% reduction in water 
use (depending on the crop), and reduction in fertilizers compared with the same crops grown in ground.  This 
is an important consideration for agricultural areas reliant on summer irrigation, as is common throughout the 
West.  Importantly, due to the low level, consistent watering, these systems require vigilant and constant 
monitoring.  If water is not delivered correctly for one day, the entire crop could be lost. 
 
C.  Utilizing non-ideal growing locations 
Container systems have opened up production areas which, due to soil or water quality issues, may not be 
suitable for in-ground growing.  This could lead to increased agricultural production in urban areas, on 
rooftops, as well as on contaminated or other marginal ground if the sites can meet requirements outlined in 
the USDA organic regulations. 

 
Conclusion 

In a time of increasing climatic instability and variability, systems that are resource efficient will become 
increasingly important in order to maintain a consistent food supply. However, the fact that growers find 
benefits using these methods is not sufficient justification for their allowance in USDA organic regulations. The 
challenge still remains in determining if these methods align with OFPA and current USDA organic regulations, 
and can/should the USDA organic regulations be updated to specify requirements for crops produced in 
containers to ensure adherence to fundamental organic agricultural methodology. 


