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Hydroponics 

With hydroponic technology and a controlled environment greenhouse, you have the ability to 
grow premium quality produce using a minimum of space, water and fertilizer. Hydroponics is an 
intensive form of agriculture that can fulfill the consumers demand for premium produce and 
provide the grower with a profitable business.  

Hydroponics literally means “water working” but, in practical use, it means growing plants in a 
nutrient solution without soil. The science of hydroponics proves that soil isn’t required for plant 
growth but the elements, minerals and nutrients that soil contains are. Soil is simply the holder 
of the nutrients, a place where the plant roots traditionally live and a base of support for the 
plant structure. By eliminating the soil, you eliminate soil borne disease and weeds and gain 
precise control over the plant’s nutritional diet. In a hydroponic solution, you provide the exact 
nutrients your plants need in precisely the correct ratios so they can develop stress-free, mature 
faster and, at harvest, are the highest quality possible.  
 

 

 

 Hydroponic tomatoes grown in perlite. A 3-bay, controlled environment greenhouse 

 

 

  

Hydroponic herbs grown in NFT (Nutrient Film 
Technique) 

Hydroponic lettuce grown in an NFT (Nutrient 
Film Technique) 

In commercial production, the three primary growing methods are drip (includes the Dutch 
bucket system), NFT (Nutrient Film Technique) and the raft (also known as float) system. The 
biggest difference between the drip, NFT and raft systems is the use of a growing medium. In a 
drip system, the plant roots are in a growing medium such as perlite or rock wool and the 
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nutrient solution is dripped onto the medium to keep it moist. In an NFT system, the plant roots 
are in a channel where a thin film of nutrient solution passes, keeping them moist but not 
water-logged. In the raft system, the plants are floated on a raft that rests on the surface of the 
water. The plant roots dangle into the water where they get nutrients and oxygen. 
 
There are hydroponic growers throughout the United States and worldwide. Of over 50,000 
acres in hydroponic production around the world, about 1200 of those are in the US. Most of 
the hydroponic facilities in the US are family or small business operations that cover 1/8 - 1 
acre, produce premium hydroponic produce and sell it locally. The smaller operations generally 
have the advantage of offering vine ripened, locally grown produce with minimal transportation 
cost and damage. It is in this niche, offering premium produce to a local marketplace, that a 
hydroponic grower with less than an acre in production can earn an excellent profit. Smaller 
growers can establish themselves near the marketplace, eliminating the problems and costs of 
long-distance transportation.  
 
In addition to the smaller growers in the US, there are several large hydroponic facilities that 
cover as many as 60 or more acres and produce large quantities of hydroponic tomatoes, 
peppers, cucumbers and lettuce. Often this produce is shipped throughout the US to help fill 
the growing demand for hydroponic produce. Currently there are jumbo jets, trains and trucks 
that bring hydroponic produce daily into the United States from Europe, Australia, New 
Zealand, Mexico and Canada. Both US and Internationally grown hydroponic produce that 
suffers the rough handling of long-distance transportation is usually of a lesser quality and sells 
for a lower price than that of a smaller hydroponic farmer who caters to specialty stores and 
farmers markets near to their operation.  

Quality of Hydroponic Produce  

The premium quality of most hydroponic produce is due to: 

 the controlled environment  
 high grade nutrients and precise control of the nutrient feed ratios  
 vine ripening  
 the lack of herbicides and pesticides  

Advantages of Hydroponic Produce 

 Additional advantages of hydroponic, controlled environment growing include:  
 no soil borne disease  
 hydroponics uses up to 1/10 of the water that is used to grow equivalent amounts of 

field produce  
 hydroponics uses less fertilizer than is often used to grow equivalent amounts of field 

produce  
 extended growing season  
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 intensive production in a small space 
   

To learn more about commercial hydroponics, check out the video, Hydroponic Farming. 
Commercial hydroponic farms exist worldwide, producing both exotic, high-end vegetables and 
staple crops. In the US the most common hydroponic crop is tomatoes, followed by cucumbers, 
lettuce and herbs. Hydroponic farms range in size from small greenhouse operations to huge 
indoor facilities that cover as many as 60 acres.  

Commercial Hydroponic Production 

The Most Popular Hydroponic Crops 

The most popular hydroponic crop in the US is 
tomatoes, with second fancy lettuce and leaf 
crops, third cucumbers and fourth herbs, 
peppers and flowers. Ironically, there is more 
hydroponic produce flown into the US from 
Holland, Canada and Mexico than is grown here. 
As more and more growers are established in the 
US, this will change. You can grow hydroponic 
produce at a lower cost and offer fresher, better 
quality. 
 
Productivity of Commercial Systems 

The productivity of commercial systems has risen dramatically in the past few years. 
Commercial tomato growers who once hoped to annually pick 20 pounds of tomatoes per plant 
are now picking as much as 35-50 pounds per plant per year. In a 12,000 square foot 
greenhouse, a tomato grower can grow 4,000—5,000 pounds of tomatoes every week! Lettuce 
growers are picking mature heads of lettuce in under 5 weeks and, with 20,000 square feet of 
growing space, can produce nearly 3,000 heads per week. The cost of establishing a commercial 
hydroponic greenhouse operation is quite reasonable when considering the potential profit and 
the intensive volume of high-quality produce that can be grown on a small lot. The addition of 
new equipment such as electronic monitoring systems, nutrient dosing systems, row bed 
heating, CO2 generators, insect screening and retractable roof greenhouses have greatly 
increased the overall poundage many growers are harvesting. In addition, new varieties of 
tomatoes, peppers, cucumbers and leafy crops that are more disease resistant and produce 
higher yields are now available and great advances in biological pest and disease control have 
been made.  

Commercially, Hydroponics, Aquaculture and Aquaponics can all be used to produce large 
quantities of food in an environmentally friendly way.    

The most commonly grown crop in commercial hydroponics is tomatoes, followed by lettuce, 
herbs, cucumbers and peppers.  Worldwide, hydroponics is used to grow crops in locations 

http://www.aquaponics.com/ShopHydroponicsVideo.htm
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where adequate soil and resources are limited.  In the North America, hydroponics is often 
combined with controlled environment agriculture to grow premium crops. 

Information on Aquaponics 

Aquaponics is the combination of aquaculture (fish farming) and hydroponics (soilless plant 
culture).   In aquaponics, the nutrient-rich water that results from raising fish provides a source 
of natural fertilizer for the growing plants.  As the plants consume the nutrients, they help to 
purify the water that the fish live in.  A natural microbial process keeps both the fish and plants 
healthy and helps sustain an environment in which they both can thrive.  Essentially, 
aquaponics is organic gardening, but without the dirt. 

In aquaponics, both fish and plants are grown in one body of water, using one 
infrastructure.  Water circulates through the fish tanks, filters and plant grow beds and then 
flows back to the fish tanks, completing the loop. The use of fertilizer is not required because 
the fish waste provides the nutrients the plants need.  The use of herbicides is not required 
because there is no soil for weeds to grow in.  The daily water use is minimal and a large 
volume of food crops can be grown using much less space when compared to growing crops in 
a field.  Since, soil isn’t required; aquaponics can be set up in urban areas supplying food to 
local markets, in arid regions with poor soil, in developing countries, in rural communities or 
anywhere else that fresh food is needed.  

Aquaponics Overview 

Aquaponics is the combination of aquaculture 
(fish farming) and hydroponics (soilless plant 
culture).   In aquaponics, the nutrient-rich water 
that results from raising fish provides a source of 
natural fertilizer for the growing plants.  As the 
plants consume the nutrients, they help to purify 
the water that the fish live in.  A natural 
microbial process keeps both the fish and plants 
healthy. This creates a sustainable ecosystem 
where both plants and fish can thrive. 
Aquaponics is the ideal answer to a fish farmer’s 
problem of disposing of nutrient rich water and a 

  

 

  
Koi and lettuce sharing a tank.  The 

lettuce is grown on a float on the surface 
of the water. 
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hydroponic grower’s need for nutrient rich 
water.  

Hydroponics is growing plants in a solution of 
water and nutrients, without soil. The solution is 
created by adding the elements a plants needs to 
water, which is fed directly to the plant’s roots. 
In some hydroponic systems the roots are in a 
growing medium which keeps them moist, 
aerated and helps to support the plant. 
Hydroponics provides the plant with the ideal 
water and nutrient ratios and optimum 
conditions for growth. 

In aquaculture, the water quickly becomes 
nutrient rich due to the fish digesting their food 
and excreting waste. The waste water is usually 
filtered and/or disposed of to keep the tank 
water free of toxic buildups. 

In aquaponics, the fish waste provides a food 
source for the growing plants and the plants 
provide a natural filter for the fish. This creates a 
mini ecosystem where both plants and fish can 
thrive. Aquaponics is the ideal answer to a fish 
farmer’s problem of disposing of nutrient rich 
water and a hydroponic grower’s need for 
nutrient rich water. 

Commercially, aquaponics is in its infancy but, as 
the technology develops and is refined, it has the 
potential to be a more efficient and space saving 
method of growing fish, vegetables and herbs. 
By incorporating aquaponics, hydroponic 
growers can eliminate the cost and labor 
involved in mixing a fertilizer solution and 
commercial aqua culturists may be able to 
drastically reduce the amount of filtration 
needed in recirculating fish culture. Although 
there is currently a limited number of 
commercial aquaponic operations, many people 
are expressing a strong interest in this intensive 
method of food production. 

  

 

  
A 500 gallon tank feeding NFT channels in 
which fancy lettuce and herbs are grown. 

  

 

  
A 500 gallon tank feeding trays filled with 
perlite in.  Lettuce and herbs are grown in 

the tray 

  

 

  

With about 15 minutes of daily 
maintenance per day, an aquaponic 
system can provide fresh fish and 

vegetables year-round. 
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Although the practices of fish farming and soil 
less plant culture have been traced to ancient 
times, the combination of the two is quite new. 
Research in aquaponics began in the 1970’s and 
continues today. Several Universities worldwide 
are dedicating resources to further the 
technology.  

What is aquaponics? 

Aquaponics is the combination of recirculation aquaculture and hydroponics.  In aquaponics, 
you grow plants and fish together in one integrated system.  The fish waste provides a food 
source for the growing plants and the plants provide a natural filter for the water the fish live 
in.  This creates a sustainable ecosystem where both plants and fish can thrive. Aquaponics is 
the ideal answer to a fish farmer’s problem of disposing of nutrient rich water and a hydroponic 
grower’s need for nutrient rich water. 

Is aquaponics organic? 

Aquaponics is a completely natural process which mimics all lakes, ponds, rivers and waterways 
on earth.  The only input to an aquaponic system is fish food.  The fish eat the food and excrete 
waste, which is converted (by beneficial bacteria) to a form that that plants can use.  In 
consuming these nutrients, the plants help to purify the water.  You cannot use herbicides, 
pesticides or other harsh chemicals in an aquaponic system, making the fish and plants 
healthful and safe to eat. 

This process could not be more organic but getting a USDA organic certification for a culture 
system that does not use soil is tricky.  A couple of commercial growers in the US have had their 
plants certified as organic.  The USDA has not finalized organic certification standards for fish 
yet. 

What are the benefits of growing Aquaponically? 

The combination of aquaculture and hydroponics is quite new and the potential for using 
aquaponics to grow high quality food around the world is tremendous.  Here are some of the 
many advantages of aquaponic food production:  

 Aquaponics utilizes the nutrient rich water from aquaculture that otherwise would have been 
a waste product or would need to be filtered in a costly manner. 

· Aquaponics eliminates the cost and time involved with mixing traditional hydroponic 
nutrients. 

· Aquaponics provides a truly organic, natural form of nutrients for the plants. 

· By eliminating the soil in vegetable production, you eliminate all soil borne disease. 
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 Aquaponics uses a fraction of the water that traditional field production does because no 
water is wasted or consumed by weeds. 

· In aquaponics, plant spacing can be very intensive, allowing you to grow more plants in a given 
space. 

· With high stocking densities in the fish tank, plants will quickly grow and develop in an 
aquaponic system. 

· In aquaponics there cannot be any pesticides or herbicides used, making the end product 
healthier and safer. 

· If your climate permits or if you are growing in a greenhouse, you can grow crops in an 
aquaponic system year-round.    

What plants can I grow? 

Early on in the research of recirculating aquaculture systems, experiments were done to 
determine the efficiency of aquatic plants in consuming the nutrients in aquaculture water, 
therefore helping to purify the water for the fish in the system.   As research continued, 
terrestrial plants were tested and proven to be an effective means of water purification for 
aquaculture and this nutrient rich water a nearly ideal hydroponic solution for growing plants.    

Lettuce, chives and other leafy crops were first considered for aquaponics but, more recently, 
commercial growers and researchers have had great success with tomatoes, cucumbers, 
peppers, melons, flowers and many other crops. 

What fish can I raise? 

Tilapia, a fresh water that is fast growing and has firm white meat when filleted, is most 
commonly raised in aquaponics because it is very hardy and can tolerate a wide variety of 
water quality conditions.  Other fish, such as crappie, brim, bass, carp, goldfish and koi can all 
be raised in aquaponics.  If you are considering home food production or commercial 
aquaponics, you should start by contacting the agency that oversees fish and waterways in your 
area to find out if there are any restrictions on what fish you can raise. 

How many fish can I put in my fish tank? 

It depends on the size of the tank and the type of filtration you have.  In an aquarium-based 
system, a good rule of thumb is to stock the tank at 1" (of fish length) per gallon of water.  In 
larger systems with proper filtration, commercial growers usually stock the tank to a maximum 
of 1/2 lb. of fish/gallon of water.   

How many plants can I have with a certain number of fish? 

The number of plants you can grow is directly related to 
1.  The number of fish 
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2. The size of the fish 
3. The amount of fish food added daily 
scientists at the University of the Virgin Islands have determined that for each 60-100 grams of 
fish food added per day, you can support 1 sq. meter of plants in raft aquaponics. 

I found some old tanks, can I use them for the fish tank? 
Your fish tanks and the materials used in your system should be food-grade plastics.  This 
means that they won't leach chemicals into the water in the system.  You should not use any 
tanks or containers that have had contents other than food or that aren't recommended for fish 
or plant culture. 

What do I feed the fish? 

If your goal is optimum growth rates and food production, you should feed your fish a species-
specific, commercially available fish food.  There are many manufacturers of fish food.  You can 
search for sources online or through local resources such as feed stores and ag suppliers.  If you 
have a low-tech system and maximum production is not your goal, you can grow or make your 
own fish food.  Duck week, water lettuce, worms and similar live feeds are often fed to tilapia. 

How does it work? 

The key to a successful aquaponic system is the beneficial bacteria which convert the fish 
wastes into nutrients that the plant use.   

More than 50% of the waste produced by fish is in the form of ammonia, secreted through the 
gills and in the urine. The remainder of the waste, excreted as fecal matter, undergoes a 
process called mineralization which occurs when Heterotrophic bacteria consume fish waste, 
decaying plant matter and uneaten food, converting all three to ammonia & other compounds. 
In sufficient quantities ammonia is toxic to plants and fish. Nitrifying bacteria, which naturally 
live in the soil, water and air, convert ammonia first to nitrite and then to nitrate which plants 
consume. In your aquaponic system the nitrifying bacteria will thrive in the gravel in the fish 
tanks and in the growing medium in the grow bed. The plants readily uptake the nitrate in the 
water and, in consuming it, help to keep the water quality safe for the fish.  

Do I need a greenhouse? 

A greenhouse provides protection from environmental factors such as heat, cold, wind, rain and 
insect intrusion.  In most climates a greenhouse is required.  A greenhouse can even be 
beneficial in the tropics to protect the crops from rain, wind and insects.  The type of 
greenhouse and the environmental control equipment varies widely depending on 
climate.  There are aquaponic growers, however, that have hobby systems indoors, in a 
basement or garage.  When indoors, they have to add artificial lighting for the plants. 

How Aquaponics Works 

Aquaponics is the ideal answer to a fish farmer’s problem of disposing of nutrient rich water 
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and a hydroponic grower's need for nutrient rich 
water.   Essentially, aquaponics mimics every natural 
waterway on earth.  It is used to grow food crops in a 
concentrated, yet sustainable manner.   

The main input to an aquaponic system is fish 
food.  The fish eat the food and excrete waste.  More 
than 50% of the waste produced by fish is in the form 
of ammonia secreted in the urine and, in small 
quantities, through the gills. The remainder of the waste, excreted as fecal matter, undergoes a 
process called mineralization which occurs when heterotrophic bacteria consume fish waste, 
decaying plant matter and un-eaten food, converting all three to ammonia and other 
compounds.  In sufficient quantities ammonia is toxic to plants and fish.   

Nitrifying bacteria, which naturally live in the soil, water and air, convert ammonia first to 
nitrite and then to nitrate which plants consume.  In an aquaponic system the heterotrophic 
and nitrifying bacteria will attach to the tank walls, underside of the rafts, organic matter, the 
growing medium (if used) and in the water column.   The beneficial bacteria discussed here are 
natural and will inhabit an aquaponic system as soon as ammonia and nitrite are present.   

Essentially, you have three crops to keep alive in aquaponics - the fish, the plants and the 
beneficial bacteria.  These three living entities each rely on the other to live.  The bacteria 
consume the fish waste keeping the water clean for the fish.  In the process, the bacteria 
provide the plants with a usable form of nutrients.  In removing these nutrients through plant 
growth, the plants help to clean the water the fish live in.   

Aquaponics is a very efficient method of growing food that uses a minimum of water and space 
and utilizes waste, resulting in an end product of organic, healthful fish and vegetables.   From a 
nutritional standpoint, aquaponics provides food in the form of both protein (from the fish) and 
vegetables. 

Methods of Aquaponics 

The Raft System 
an (abbreviated) article from the Aquaponics Journal 

As aquaponic technology continues to develop, there are two primary methods that have 
evolved.  The media-filled bed system, which many backyard enthusiasts use, and the raft 
system, which most commercial growers use.  NFT (nutrient film technique) is a third, less 
popular method of aquaponics.   
  
In a raft system (also known as float, deep channel and deep flow) the plants are grown in 
floating Polystyrene boards that float on top of water.   The raft system uses filtration 
components that allow higher stocking densities of fish and, therefore, a higher production of 

http://www.aquaponicsjournal.com/
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plants.   
  
A media-filled bed system uses a tank or container that is filled with gravel, perlite or another 
media for the plant bed.  This bed is periodically flooded with water from the fish tank.  The 
water then drains back to the fish tank.  A media-filled bed system will produce a nice variety of 
crops. On a large scale, though, raft systems will produce more fish and produce due to the 
filtration components and the layout of the raft tanks.     

  
In this article, I will discuss the raft method, the advantages and the way it works.   In an 
aquaponic raft system, all of the water is continually recirculated from the fish tanks through 
filters and large, water-filled, shallow tanks.  Plants sit on rafts in these tanks, with their roots 
dangling down into the water.  The solid waste from the fish tanks is removed using a clarifier 
or other solids removal device.   
  
The Research Scientists at the University of the Virgin Islands-Ag Experiment Station have 
developed a commercially viable raft aquaponic system that many growers have adopted 
because it has proven to be viable and it has the greatest base of use, data and research. 
  
One of the unique advantages of the raft system is the high volume of water in the system.  This 
acts as a buffer for the fish.  In a typical recirculating aquaculture system (RAS), fish are stocked 
at a density of up to 1/2 lb. of fish per gallon of water.  This high stocking rate makes managing 
the water quality and health of the fish very challenging.  In raft aquaponics, all of the water is 
recirculating all of the time so, even though your fish tanks are a set size, you have 5-8 times 
more water that is contained in the filter and raft tanks.  This means that in a properly designed 
raft aquaponic system, even when your fish tanks are fully stocked, you are only at about 
1/16th lb. fish per gallon of system water.   

Initially, a raft system takes a 
fairly large volume of water to fill 
but, it is one of the most efficient 
models of water usage in all of 
food production.  Since the 
largest surface area (the raft 
tanks) is covered by the rafts, 
evaporation is minimal.  Every 
day you replace the water that 
has been used in transpiration by 
the plants, a small amount used 
in cleaning the filter tanks and 
what is lost to 
evaporation.  There is no water lost to weeds because there are no weeds. 

The ratios of fish to plants, of fish tanks sizes to filter tank sizes and water volumes have been 
determined by the research scientists over a nearly 30 year period.   



-  2017 

 

Page 13 of 21 

All of these factors contribute to raft aquaponics being the choice for many aquaponic 
growers.  I believe raft aquaponics is currently the most efficient, dependable and developed 
method of aquaponic food production.   

System Components 
A raft system is typically comprised of fish tanks, filter tanks and the raft tank. 

Fish Tanks 

The fish are cultured in tanks that are plumbed 
to the other components in the system.  Often, 
multiple fish tanks are used so that you can have 
various sizes of fish in the different tanks.  In this 
case, young fish are stocked in a tank and then 
raised to harvest size in that same tank.  A given 
period of time later (depending on what fish 
species you are raising), the next tank is 
stocked.  This pattern is continued until the first 
tank that was stocked is ready to harvest.  Once 
the fish are harvested from that tank, it is 
restocked with fingerlings.  This provides regular harvests of fish and a steady nutrient supply to 
the plants.   Your system should be sized to function properly at an even bio-mass, which will be 
the average weight of all of the fish in all of the tanks. 

Filter tanks 

Removing the solids in raft culture allows a grower to stock the fish tanks more densely, 
resulting in higher production of both fish and vegetables.  The solids that have been removed 
can be composted or dried and utilized to fertilize soil in traditional farming.   

Solids capture is one of the most important processes in a raft aquaponic system.  If solids are 
not effectively removed, you will have problems with waste build-up which will cause toxicities 
in the water, the plumbing will become clogged with waste and the plant roots will become 
coated with fine solids, which reduces the plant’s ability to uptake the nutrients.    

These same factors are an issue in media-filled bed aquaponics.  The build-up of organic 
material, coating of plant roots and fouling of the media result in reduced plant growth.  In 
media filled bed aquaponics, after the system has been operational for a period of time, 
eventually the media and plants have to be removed and cleaned, causing a disruption in the 
plant and microbial growth.   

The filtration components in raft aquaponics prevent these problems and a complete system 
clean-out is not required in raft aquaponics.  In fact, it is discouraged because it reduces the 
population of beneficial bacteria and disrupts the planting cycle.   

One of the most critical factors in designing a clarifier for your system is the size and required 
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rate of water flow.  The flow rate has to be fast enough to meet circulation requirements of the 
system and yet slow enough to allow the solids to settle out.   

A bio-filter is simply a place for the beneficial bacteria to colonize.  These bacteria convert 
ammonia to nitrite and nitrite to nitrate.  In raft aquaponic systems, a separate bio-filter is not 
usually used because the rafts, tank walls and all other surfaces in the system provide sufficient 
area for the bacteria.   
  
Degassing Tank 

A degassing tank is a tank which allows the release of gasses into the air.   

 

pH Adjustment Tank 

In any aquaponic system, it is sometimes necessary to adjust the pH of the water.   This needs 
to be done slowly so the fish or plants are not shocked by a rapid change in pH.  In lager 
systems, there is usually a separate tank where the base or acid is added in small amounts, 
slowly diluted and then enters the system water stream.   

In smaller systems, one of the other tanks, such as the degassing tanks or the raft tanks, can be 
used for pH adjustment as long as accommodations are made for the slow addition of pH 
changing additives. 

Water Pump(s) and Sump 

A water pump is used to continually move the water throughout the system.   In many systems, 
there is also a sump tank.  This is the lowest point in the system.  The water gravity-flows into 
the sump from the raft tanks.  The water pump, located in or adjacent to the sump, pumps the 
water into the fish tanks and throughout the rest of the system.  The size of the pump you use 
will be directly related to the size of your system.   

Air Blower(s) and Aeration System  

Adequate aeration is required in an aquaponic system for the fish, the plants and the beneficial 
bacteria.  Aeration is also critical to the biological filtration and off-gassing processes.   

Raft Tanks 

The raft tanks are usually rectangular in shape and are formed from cement blocks, poured 
cement, metal or wooden frames.  
 
Fish and Vegetable Crops 

Plants with low nutrient needs, such as lettuce and some herbs will do fine at the lower 
amount.  Fruiting plants such as tomatoes and melons need to be at the higher feed level. 
On a commercial scale, it is essential to maximize production and utilize all of the space in a 
greenhouse.  In this scenario, the raft tanks can be butted together, making one giant lettuce or 
herb bed.   
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Conclusion:  

The raft method of aquaponics has been refined 
over a 25+ year period and there is more data, 
baseline info, hands-on operation and overall 
experience with this system than other methods 
of aquaponics.  In addition, many universities, 
educators, researchers, commercial growers and 
hobbyists have adopted this method of 
aquaponics and the technique continues to be 
refined.   

There are many different configurations of 
aquaponic systems.  The components common to 
every aquaponic system are the fish tank and a 
plant bed. The variables include filtration 
components, plumbing components, the type of 
plant bed and the amount and frequency of water 
circulation and aeration. Generally speaking, 
systems that utilize some filtration to remove the 
solid fish waste will have higher production of fish 
and plants than those that don't use filtration. 

There are three primary aquaponic methods emerging in the industry.  Each if these methods is 
based on a hydroponic system design, with accommodations for fish and filtration.    

Raft 
In a raft system (also known as float, deep channel and deep flow) the plants are grown on 
Styrofoam boards (rafts) that float on top of water. Most often, this is in a tank separate from 
the fish tank.  Water flows continuously from the fish tank, through filtration components, 
through the raft tank where the plants are grown and then back to the fish tank.   

The beneficial bacteria live in the raft tank and throughout the system.  The extra volume of water 
in the raft tank provides a buffer for the fish, reducing stress and potential water quality 
problems.  This is one of the greatest benefits of the raft system.  In addition, the University of 
the Virgin Islands and other research programs have worked to develop and refine this method 
for over 25 years.  The raft system is a well-developed method with very high production per 
square foot.   

In a commercial system, the raft tanks can cover large areas, best utilizing the floor space in a 
greenhouse.  Plant seedlings are transplanted on one end of the raft tank.  The rafts are pushed 
forward on the surface of the water over time and then the mature plants are harvested at the 
other end of the raft.  Once a raft is harvested, it can be replanted with seedlings and set into 
place on the opposite end.  This optimizes floor space, which is especially important in a 
commercial greenhouse setting. 
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NFT 

NFT (Nutrient Film Technique) is a method in which the plants are grown in long narrow 
channels.  A thin film of water continuously flows down each channel, providing the plant roots 
with water, nutrients and oxygen.  As with the raft system, water flows continuously from the 
fish tank, through filtration components, through the NFT channels where the plants are grown 
and then back to the fish tank.  In NFT, a separate bio filter is required, however, because there 
is not a large amount of water or surface for the beneficial bacteria to live.  In addition, the 
plumbing used in a hydroponic NFT system is usually not large enough to be used in aquaponics 
because the organic nature of the system and "living" water will cause clogging of small pipes 
and tubes.  NFT aquaponics shows potential but, at this time, it is used less than the other two 
methods discussed here.  

Media-filled bed 

A media-filled bed system uses a tank or container that is filled with gravel, perlite or another 
media for the plant bed.  This bed is periodically flooded with water from the fish tank.  The 
water then drains back to the fish tank.  All waste, including the solids, is broken down within 
the plant bed.  Sometimes worms are added to the gravel-filled plant bed to enhance the 
break-down of the waste.  This method uses the fewest components and no additional 
filtration, making it simple to operate.  The production is, however, much lower than the two 
methods described above.  The media-filled bed is often used for hobby applications where 
maximizing production is not a goal.   

Commercial Aquaponics 

 

Aquaponics is the combination of recirculation aquaculture and hydroponics. .  

Commercial Aquaponics is a young sector of agriculture but one with great potential.  There are 
commercial aquaponic farms in the US, Canada, Mexico, Australia and a few other countries 
but, as of now, the total number of commercial enterprises is quite small.  This is due to the fact 
that combining aquaculture and hydroponics is fairly new technology. 

Yes, aquaponics is quite new but it is not unproven.  Research scientists at the University of the 
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Virgin Islands have been developing commercially-viable aquaponic systems for nearly 25 years 
and commercial growers and many other Universities have contributed to the research and 
development of aquaponics technology.   

Aquaponics can fill a niche market for premium quality crops or it can provide staples for a village 
in a developing country.  (See Village Aquaponics article)  Most commercial growers use a 
greenhouse to protect the plants and fish from harsh environmental conditions and pest 
insects.  In a greenhouse, floor space must be maximized to reduce costs and increase 
production.  

The production can be very high in a commercial aquaponic system when plant spacing is 
maximized and the fish are fed a proper and balanced diet.   

The daily work involved in a commercial aquaponic venture includes feeding the fish and cleaning 
the filters, seeding, transplanting and harvesting the plants and packaging the produce for 
sale.  The fish are harvested periodically, with the frequency dependent on the size of the system, 
the number of fish tanks and the market demand. 

There is a growing need for aquaponics and controlled environment agriculture.  The past several 
years of the fresh food industry have been marred by continued incidence of food contamination 
and consumer illness.  Causes range from impure water to unsanitary conditions in fields and 
packing facilities, to imports that are not inspected.  Nearly 99 % of the fresh food imported into 
the US is not inspected.  Much of this food, including what is labeled as organic, is coming from 
countries without strict safety, nutritional or environmental regulations.   Food grown in the US 
that is processed in massive processing and packaging facilities has proven to be susceptible to 
contamination as well. 

In a controlled environment greenhouse, a grower has the ability to enforce a bio-security 
program that will keep the food free of contamination.  In addition, the ability to be close to the 
marketplace eliminates the long-distance travel (on average over 2000 miles) that most fresh 
food travels in the US.   

Greenhouses and Controlled Environment Agriculture 

The hydroponic or aquaponic growing system allows you to grow premium crops in an 
environmentally friendly way.  Controlling the environment allows you to provide the exact 
conditions your crops need to thrive.  Hydroponics and/or aquaponics go hand-in-hand with a 
controlled environment greenhouse.  Separately, they are tools to grow crops.  Together, they 
create the ultimate method of food production. 

Greenhouse, hothouse, glasshouse...these are all terms used to describe plastic or glass 
covering over a crop.  Controlled environment agriculture takes the benefits a crop cover 
provides and enhances them with precise environmental control which provides exactly the 
environmental conditions your crop needs.   

http://www.aquaponics.com/InfoVillageAquaponics01.htm
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We have experience with single bay Quonset-style greenhouses, multi bay greenhouses, 
naturally-ventilated and retractable roof style greenhouse.  We assist our clients in choosing 
the right greenhouse for their locations, climate, crop and budget! 

Recommended Plants and Fish in Aquaponics  

The fish and plants you select for your aquaponic system 
should have similar needs as far as temperature and 
pH.  There will always be some compromise to the needs of 
the fish and plants but, the closer they match, the more 
success you will have.   

As a general rule, warm, fresh water, fish and leafy crops such 
as lettuce and herbs will do the best.  In a system heavily 
stocked with fish, you may have luck with fruiting plants such 
as tomatoes and peppers. 

Fish that we have raised in aquaponics with good results: 

 tilapia  
 largemouth bass  
 sunfish  
 crappie  
 koi  
 fancy goldfish  
 pacu  
 various ornamental fish such as angelfish, guppies, 

tetras, swordfish, mollies  

Other fish raised in aquaponics: 

 blue gill/breem  
 carp  
 barramundi  
 silver perch, golden perch  
 yellow perch 

 

Tilapia 

 

Catfish 

 

Largemouth Bass 

  

Plants that will do well in any aquaponic system: 

 any leafy lettuce  
 pak choi  
 spinach  
 arugula  
 basil  

 mint  
 watercress  
 chives  
 most common house plants  
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Plants that have higher nutritional demands and will only do well in a heavily stocked, well 
established aquaponic system: 

 tomatoes  
 peppers  
 cucumbers  

 beans  
 peas  
 squash  

Aquaculture 

The demand in the 1990’s for fresh, quality food is higher than ever. Aquaculture is the 
fastest growing form of agriculture in the United States. The rapid growth of aquaculture 
has attracted the attention of a variety of potential producers including, farmers looking to 
diversify their operations, commercial fishers faced with dwindling natural populations, and 
national and international food concerns searching for ways to help feed the growing world 
population. 

Aquaculture is a form of agriculture encompassing the propagation, cultivation and 
marketing of aquatic animals and plants, including fish for food, such as catfish, tilapia and 
trout, ornamental fish, such as koi and aquaria, bait fish for the fishing industry, sport fish 
for restocking ponds and lakes and fish for feed ingredients. The aquatic plants raised in 
aquaculture can include seaweed for food, ornamental plants like lilies, and native plants 
for habitat restoration. 

 

 

Intensive tank culture Pond culture 

Since aquaculture is a form of agriculture, many of the same management strategies are 
used. Aquaculture farmers need to maximize yields and minimize expenses to be profitable.  

There is an increasing awareness and need for aquaculture due to increased health 
consciousness and dwindling supplies of wild caught fish. The wild populations have 
dramatically decreased due to over-exploitation, pollution and habitat destruction.  

Aquaculture is not any one practice, species or process. In some applications aquaculture 
fills the demand for high-end niche products, while in others aquaculture is the basis for 
feeding growing populations. Some methods of aquaculture employ high tech equipment 
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and principles while others use simple, age old concepts.  

Recirculating aquaculture uses the latest technology to produce as much as 1/2 lb. of 
fish/gallon of water.  The systems usually include round tanks (500-10,000 gallons) heavily 
stocked with fish, blowers for air or pure oxygen, clarifiers to remove the solid waste and 
bio filters to convert ammonia to nitrate.  Recirculating systems are also used in aquaponics 
(the combination of aquaculture and hydroponics (growing plants without soil).  

Traditional pond culture requires acres of land to produce the same poundage as 
recirculating systems but costs of operation and risk of crop loss are much less.   

Cage culture utilizes existing bodies of fresh or salt water by growing out fish in cages 
suspended in the water 

Can Aquaponics Replace Hydroponics?   

We believe it can and we believe it will.  Yes, of course, many will ask, why?  Hydroponics can 
produce so much in a very small space using a fraction of the water, machinery and labor that 
field produce needs.  Also, hydroponics, when done in a screened clear poly-roofed greenhouse, 
can be herbicide and pesticide free and not pollute the soil and ground water.  In a hot climate, 
screened walls and a clear rain cover work well and in a cold climate clear walls, heaters and 
clear poly roofs on a greenhouse frame make production possible year-round.  Well, all these 
advantages of hydroponics that makes it an option for feeding tomorrow’s world also apply to 
Village Aquaponics.    

There are two clear advantages that aquaponics has over hydroponics:  1. the nutrient source 
comes from fish waste and is, therefore, organic and 2. Aquaponics provides something that 
hydroponics does not, a protein crop.  Now, it is true that they both need an input, fish food in 
aquaponics and fertilizer in hydroponics.  It is easier to provide fish food than to provide the 
myriad of chemical fertilizers that hydroponics needs.  I do recognize the contribution 
hydroponics has made to the world’s food supply and I think it will continue to be an important 
source of food in the future.  I also think improvements will be made in nutrient sources for 
hydroponics in the near future, making it less dependent on the manufacture of chemical 
fertilizers.   

Improvements in the manufacture of fish food have resulted in the availability of fish food that is 
plant-based and has no fish meal or animal by-products in it.  Also, I see that many countries 
throughout the world have a well-developed aquaculture industry already in place.  This well-
established industry provides the perfect skilled labor force to manage the aquaculture portion 
of an aquaponic greenhouse operation.  A network to distribute fish food is already in place so 
the startup of an aquaponic system can be easier in many cases than starting a hydroponic 
operation.  

 

http://www.aquaponics.com/InfoAquaponics.htm
http://www.aquaponics.com/InfoHydroponics.htm
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All of the aquaponic systems are listed below in a grid that shows estimated 
production levels, footprint & cost.   

System 

 
Description 

Size of fish and raft tanks 
Estimated 

lbs. of 
fish per 

year  

Estimated 
number of 
lettuce per 

year*  
no lights / 

lights 

Approx. 
Footprint* 

(in feet) 

System 
Cost Guide  

Complete   /     Kit 

A 4T16-1-3x5 
4 -16 gallon fish tanks, 1 - 3' 

x 5' raft tank 
62 lbs. 425 / 700 8' x 12'  

B 4T28-1-4x6 
4 - 28 gallon fish tanks, 1 - 4' 

x 6' raft tank 
100 lbs. 525 / 925 10' x 18'  

C 4T50-2-4x6 
4 - 50 gallon fish tanks, 2 - 4' 

x 6' raft tanks 
190 lbs. 1,200 / 2,200 12' x 24'  

D 4T110-5-
4x6 

4 - 110 gallon fish tanks, 5 - 
4' x 6' raft tanks 

440 lbs. 2,600 / 4,400  16' x 42'  

E 4T200-8-
4x6 

4 - 200 gallon fish tanks, 8 * 
4' x 6' raft tanks 

812 lbs. 5,000 / 9,000 20' x 72'  

F 4T300-2-
8x22 

4 - 300 gallon fish tanks, 2 - 
8' x 22' raft tanks 

1,291 lbs. 
9,000 / 
16,000 

24' x 64'  

G 4T500-2-
8x36 CT 

4 - 500 gallon fish tanks, 2 - 
8' x 36' raft tanks 

2,174 lbs. 
14,000 / 
24,000 

24' x 72'  

H 4T800-2-
8x64 CT 

4 - 800 gallon fish tanks, 2 - 
8' x 64' raft tanks 

3,465 lbs. 
26,000 / 
48,000 

30' x 120'  

R 2T450-1-
8x32Raft-
8x12NFT 

2 - 450 gallon fish tanks, 1 - 
8' x 32' raft +NFT 

790 lbs. 7,000 / 
12,000 

24' x 64' 
 

Notes About Systems Highlighted in Yellow:  

These systems are excellent for applications ranging from home food production and 
educational demonstrations to part-time income.  The design is identical to a commercial 
system so if you want to get experience in aquaponic growing before going commercial, these 
systems are an excellent choice.  The raft tanks are made of rigid poly.  The tank and raft tank 
stands are hand-crafted from wood and/or white enamel coated metal. 

Notes About Systems Highlighted in Green:  
These systems produce a larger amount of fish and produce and can be used for commercial 
production.  The raft tanks are made from a frame and heavy-duty aquaculture-grade 
liner.  The tank stands are made from white, enamel coated metal. 

Notes About System Highlighted in Blue:  
This system uses a raft tank and NFT (Nutrient film technique) channels.  It is intended for 
research or to be used by someone experienced in NFT aquaponic culture.  In this system, there 
are 2 fish tanks.  It is recommended that you use two systems, for a total of 4 fish tanks. 


