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What is Aquaponics?
This is not a super complicated operation; it is just
the combination of fish (or other aquatic animal) and
plants into a single harmonious system. Very simply
put, Aquaponics is All-Natural Hydroponics.
In this system, the world of traditional fish farming
(Aquaculture) has been combined with the world of
Hydroponics in such a way to replicate the activity of
the natural world that we see around us in every pond,
lake, stream and river. The natural world does not need
dedicated biofilters and ozonators and all the other
trappings of so-called “modern” systems.
And the truth is: Neither do you!

Inputs to an Aquaponic System:
The only inputs to an Aquaponic system are:
Water
Feed for the aquatic animals
Electricity to pump the water between the aquaculture
and the hydroponics
Light for the plants (preferably sunlight)
Now technically, it will be necessary to periodically
replace both the animal stock and the plants at a
rate equal to the harvest rate. But this is simply
done in order to keep the system stable.

Outputs from an Aquaponic System:
The output of an Aquaponic system:
Fresh Vegetables - from lettuce and spinach to
tomatoes and cucumbers to melons and
squash, to just about any possible plant that
you can imagine;
Fresh Fish (or shellfish) - you will be able to raise
tilapia, catfish, trout, and any number of other
freshwater species in your system, in addition
to the possibility of crayfish and freshwater
prawns
Clean Air and Water - the recirculating and
recycling nature of the system ensures such output

The advantages of Aquaponics in the Urban Environment:
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In the past 50 years, modern society has fully
shifted from a primarily rural focus to that of a
primarily urban society. In 2008, the world hit the
milestone of greater than 50% of the world
population living in towns and cities.
Additionally, the United Nations projects that by
2050, over 6 billion people (2/3 of the world
population) will live in an urban environment. This
has dramatic consequences for the worldwide food
system – everything must be transported from
where it is produced to where it is consumed. As the costs of this transportation increase, so
will our cost for food. I believe that as a result of this, the quality of the same food will
decrease in order to maintain corporate profit margins.
By growing your own food, you will be able to free yourself (at least in part) from the
commercial food system and save money while eating healthier food with fewer chemicals.
Aquaponics is a cultivation method that is extremely efficient in use of both physical
space and resources. By placing the plant cultivation beds above the fish tank, it is possible to
effectively double your production per square foot. Additionally, the use of water is
estimated by many to be less than 20% of that used in traditional soil culture (I, personally,
have seen it to be around 10% in my systems), and a “backyard” system that would be
sufficient for a typical suburban family can be run for about $1 per day (or less) of electricity.
When these features are combined with the ability to place a system indoors or out, it
becomes possible to grow 12 months a year no matter if you live in a suburban home or an
apartment.

What are advantages and disadvantages of Aquaponic Systems?
ADVANTAGES
Reuse and recycling of water
Organic fertilization
Elimination of waste through hydroponic absorption
Reduction of the environmental footprint of crop production
Reduction of food miles (gas expenses)
DISADVANTAGES
Depending on your system, the expenses for housing, tank,
plumbing, pumps, and grow beds
Many options of system configuration contribute to equally
varying results, conflicting research, and successes or
failures
Man-made energy needed
“single points of failure” where problems such as an
electrical failure or a pipe blockage can lead to a
complete loss of fish stock

Different types of Aquaponics Systems:
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Aquaponic systems commonly operate fully “closed” or otherwise known as recirculating
systems. What this means is that there is no flow-through of water allowed. So, in these
systems the water needs to remain in the system and as such needs to be cleaned, filtered and
finally the waste products from the fish need to be purified to allow reuse. While there are
examples of systems that employ a “flow-through” design in their systems, this is simply not
practical for many individuals due to the need for a constantly flowing source of water in
which to house your system.

The average residential, or commercial, system will need to be highly efficient in water
use, energy use (electricity) and space use. There is now single system design that is best for
Aquaponics, rather I would like to propose, however, is there might be a “best” system for
your location, budget, or goals.
In trying to understand aquaponics systems, and also to determine what is “best” for you,
it is important to know that every aquaponic system will involve most of the same basic
components: A Tank where the fish or other animal is housed, a Grow-Bed of some type
and a Pump. Depending on the configuration and the desires for the system, the other
important component is a Sump Tank, or Reservoir.
These days there are innumerable variations and design methods to be found in the world
of Aquaponics. I believe that all of these systems can be grouped into three basic categories:
Deep-Water Raft systems; Flood and Drain systems; and Nutrient Film Technique (NFT)
systems. In the years that I have
been around these systems in
aquaculture, hydroponics and
aquaponics, I can say again that I do
not believe that there is a “perfect”
system. I think that each design has a
series of benefits and drawbacks.
Which one works best for you is
totally going to be dependent on
your specific goals and constraints.
Deep-Water Raft Aquaponics:
This is a very traditional method for
the hydroponic industry. In these systems, the plants are grown by using large floating
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rafts (usually Styrofoam) that float on the surface of a deep basin or trough. The plants
themselves are held in small cups that allow the roots to grow directly into the water.
When integrated into an aquaponic system, it operates in much the same manner;
however, instead of using the nutrient solutions of hydroponics, the aquaponic system
would run the fish tank water (and waste particles) through a series of filters and water
clarifiers, in an effort to remove the particulate matter (dissolved solids) from the water.
This clarified water would then be pumped into the growing trough where the rafts are
held.

Raft Lettuce @ Mikey’s Graden (Hunt, TX)
In our opinion, these systems are exceptionally well suited for the growth of plants like
lettuce, spinach, swiss chard, and most herbs (basil, cilantro, oregano, etc that have a
rapid growth rate, short time to harvest and are mostly vegetative growth. Other
common vegetable plants like tomatoes, peppers, cucumbers and other fruiting plants
that have a longer time to harvest and more extensive growth are less suited to this
style. This is due to the fact that the larger plants are heavier and need far more support
and structure than smaller, faster growing plants. Additionally, the rafts make high
density growth of lettuces and such incredibly easy and labor efficient.
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Flood and Drain Aquaponics: These are the easiest
systems to build and operate, and they account for
the majority of systems, both residential and
commercial. In these systems the water, and all of
the waste solids from the fish tank, is pumped
directly into the media filled grow-bed. This
grow-bed is generally 10 to 12 inches deep and
filled with a solid media substrate that serves as
the biological filter to purify the wastes from the
water. It also serves a secondary function as a
support medium for the root systems of the plants
being grown. This solid foundation allows larger
plants to be grown easily. Tomatoes do
exceptionally well in media-bed systems – the
cherry tomatoes in the system at right had vines
15-20 feet long by the end of the growing season.
The reason that these systems are termed “Flood
and Drain” is that the overall water level in the growbed fluctuates on a regular
schedule. The media-filled growbed will alternately fill completely with water (Flood)
and then the water will be removed through a drain pipe (Drain). The benefit of this is
simple; plant roots need three things to thrive – nutrients, water and oxygen. The
nutrients are supplied in the water, but oxygen that the roots can access is limited by
how much is dissolved into the water. So we can solve this limitation by fluctuating the
water level. As the media bed fills, the water fills all of the cracks and gaps in the
media. Then when the water drains out, that downward movement will pull fresh air
down into the bed so the roots can access atmospheric oxygen. So in this system, the
plant roots are alternately given unlimited access to water and nutrients, then as the
water recedes the access to oxygen is provided.
When looking at the variety of systems that make up “Flood and Drain” or “Ebb and
Flow”, it is easy to see that there are two primary styles or sub-groups of these systems.
Specifically these are defined by the timing of the “Flood and Drain” cycle.
Slow Fill, Fast Drain (SFFD): In this style, a small to moderately sized water pump
will be run continuously, in order to provide the grow-bed fills with a constant
flow of water that will slowly fill the media bed. When the water level reaches a
specific level, it will trigger a siphon that will drain the bed very fast. These
systems usually use some variant of the Auto-siphon design, and this siphon can
be located inside the bed (Bell siphon), on the wall of the bed (Loop siphon) or
even external to the media bed (various types).
Fast Fill, Slow Drain (FFSD): In this style, a very massive water pump will be run
on an intermittent schedule (usually around 10-15 minutes per hour) and will
move a massive amount of water in a very short period of time. This water will
then flood the media bed and then, at that point, the water will slowly trickle out
of the bed through a small hole(s) drilled into a central standpipe.
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Nutrient Film Technique (NFT):
These systems are the most
reminiscent of traditional
Hydroponic systems and can
be extremely productive. The
basic design uses a water filter
and clarifier to clean the
particulate matter from the
water and then will run a thin
film of water along the bottom
surface of a growing tube.
This allows the roots of a plant
to grow into the flowing water
but also have access to air.
These systems can be
incredibly productive, but have a number of complications that make them sometimes
difficult for the inexperienced.	
  	
  
Vertical Growing Systems:
These systems are similar to
the NFT types above, but
instead of running
horizontally, they are run
vertically and the tubes are
often filled with media to
provide substrate for
filtration and plant growth.
These systems are excellent
as additions to existing
systems, but are often
insufficient to use as the sole
growing areas in a system.	
  
Strawberry Towers (Rob Torcellini)
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The Nitrogen Cycle and how it works in Aquaponics:
The Nitrogen Cycle is actually a very simple natural process that exists in every
ecosystem around the world, both aquatic and terrestrial. This is the process by which
Ammonia (NH3) is converted to Nitrite (NO2), and then from there it is further converted to
Nitrate (NO3). This entire process is completed naturally by microscopic bacteria that exist
all around us. Our goal in Aquaponics is to make this natural system work for us!
Now, it is important to remember
that in the aquatic environment, all
organic matter (fish food, fish waste,
and dead fish) will decay into
Ammonia. This can be a problem
because Ammonia is EXTREMELY
toxic to all living organisms. The first
stage of the nitrogen cycle is operated
by a bacterial species known as
Nitrosomonas, this is the organism that
changes the toxic Ammonia into the
intermediate molecule Nitrite. This is
less toxic than it was originally, but it
can still build up quickly and kill your
fish. The next stage is where the second
bacterial species, Nitrobacter, comes in.
This species converts the Nitrite into
Nitrate, which is effectively safe for
any aquatic animal. As long as your
levels do not get excessively high (as in
over 400-500ppt), the fish and the
plants will be fine. And, if your levels do begin to spike, there is a simple solution -- add
more plants (fast growing, leafy ones are best. Things like Basil, Lettuce, Spinach, Swiss
Chard)
Always remember that the bacteria are the things that actually keep your system running.
They are the unsung heroes of Aquaponics. If you cannot convert the wastes that your fish
produce into Nitrate fast enough, your system WILL crash. It is vital to keep your bacterial
population as strong as you can.
Chemical Product

Safe (Goal)

Moderate (Watch)

Danger (Concern)

Ammonia (NH3)

0 – 0.25 ppm

0.5 -2.0 ppm

> 2 ppm

Nitrite (NO2)

0 – 0. 5 ppm

0.5 -2.0 ppm

> 5 ppm

Nitrate(NO3)

50 – 100 ppm

< 50 ppm OR
100 – 300 ppm

> 400 ppm
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Operating an Aquaponic System – It is easier than you think!
The operation of an Aquaponic system is actually very simple and intuitive. There are
just a few things that you will need to keep track of – feeding the fish, the overall water level,
the amount of oxygen (aeration) in the water, and water quality – meaning the specific levels
of Ammonia, Nitrite, Nitrate and pH.
In the next section we will describe the
specific components found in an Aquaponic
system and the reasons that each is important.
After this initial introduction, we will outline
the steps necessary for system operation from
the initial setup, through the process of
cycling, the daily maintenance required for a
mature system, and finally we will provide a
list of the common problems that you would
encounter with your system.
Remember, there will always be
exceptions to the rules, and what we
recommend are common sense guidelines that
can be adjusted slightly to either side based on
the specific situation.

What are the parts of an Aquaponic System?
There are a number of different methods to use when designing a system, but the truth is
that almost every single design uses the same component pieces within it, though in slightly
different sequence.
In this section, we will attempt to identify and define the purpose of each component.
After this general introduction, we will discuss how these fit together into an operational
system.
Fish Tank: As the name would suggest, this is the primary
reservoir for the fish (or other aquatic animal.) This can be
of any size, though for a backyard system is usually
between 100 to 300 gallons in size. Any material that will
hold water can
be used (pond
liner, IBC totes,
stock tanks,
etc.), but be
sure to
determine if
your material is

All	
  Content	
  is	
  property	
  of	
  Green	
  Phoenix	
  Farms.	
  Copyright	
  ©	
  2012.	
  
Not	
  intended	
  for	
  distribution	
  in	
  any	
  format.	
  

	
  

“food safe.”

	
  

Page	
  11	
  

Grow-bed: This is a general
term for where the plants will be
grown. We have used this term
specifically to refer to a media-filled
bed that is part of a Flood and Drain
system. These will also need to be
able to hold water safely and to be
“food-safe.” Common materials
used are 55gallon Blue Barrels, IBC
totes, and pond liner, but many
people have repurposed bath tubs,
stock tanks, or other materials that
can hold water with great success.

Media: this is the solid substrate that is held in the grow-bed. It has two primary purposes –
1. Surface area for bacterial growth to allow for the detoxification and neutralization of
the fish waste.
2. This is the substrate that
supports the root systems of
the plants as they grow. Any
pH neutral media can be used
successfully, and common
examples are Hydroton
(commercially produced
expanded clay pebbles),
River Rock (no limestone),
Expanded Shale, and Lava
Rock. There are many other
alternatives, the above as
simply the most common.
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Sump: In simple terms, this is a water storage
reservoir. Usually, it is located at the lowest
point in the system, and is where all water will
flow after draining out of the grow-beds.
While the overall size of the sump tank can
vary, in rough terms it is dependent on the size
and style of the grow-beds. Specifically this
tank will need to hold the water volume
contained by the growbeds at the minimum. I
would recommend that it be at least 50% the
size of your fish tank. As the sump is usually
the lowest point is a system, the pump is
usually located here, which allows the water
to be pumped back into the fish tank.

Sump	
  à	
  

Pump: The pump is commonly the only electrical appliance that is needed to run an
Aquaponic system. Specifically these devices will either pump Air or Water.
Air pumps all use pretty much the same design; some
are just larger than others. While not every system
will require an air pump to provide/supplement
oxygen levels for the fish, but having one would
never be a bad idea if you can afford it. There are
several designs for pumps or lifts that use an air pump
to provide the water movement for a system, and the
largest benefit is that air pumps generally require
FAR LESS energy than a mechanical water pump.
Water pumps are the core operational feature of almost
every aquaponics system. This is the device that
moves the water through the system. These pumps are divided into two categories –
Submersible and Non-submersible. As suggested by the names, those in the first group sit
inside the fish tank or sump, while the second are located outside. In our experience, the
only real difference between these categories is
that we have found the non-submersible pumps to
be louder in regular operation. Considering that
this is a relatively minor difference and that there
are so many different styles of pumps that can be
used, we would recommend that you use the
largest pump that is reasonable for your system.
We have found that a good rule of thumb to use
when sizing a pump for your system is to find a
pump that will move a volume of water AT
LEAST twice the volume contained in your fish
tank every hour. For example, if you had a 300
gallon fish tank, you would want a pump that
would move at least 600gph.
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Basic System Operation:
In a nutshell, an Aquaponics
system works because the
biological waste from the fish can
be converted into fertilizer for
plants. This waste is run through a
series of grow-beds, where the
plants remove the waste products
and return clean water to the fish.
Sounds simple, huh? Well, the
truth is a bit more complex than
that.
Another way to say it, is that
Aquaponics is the combination of
aquaculture and hydroponics. Each
method has some significant
drawbacks, but in Aquaponics, the
waste from the fish is converted
into the nutrients for the plants. So
let’s begin with the fish. When we
feed our fish, they will produce
waste. This is normal. This waste is in two forms – solid and liquid.
Both of these are mostly composed of ammonia
and other high nitrogen compounds. All of these are
toxic to the fish and will cause death when the
concentration reaches significant levels. The natural
biological process that we are capitalizing on in our
systems is the fact that there are naturally-occurring
bacteria all around us that will convert this fish waste
into a non-toxic form. These bacteria exist
everywhere, but are especially common in every
freshwater stream, river, lake or pond. Specifically the
bacterial Nitrosomous and Nitrobacter will work
together to convert the fish waste from Ammonia
(Very Toxic) to Nitrite (Fairly Toxic) to Nitrate
(Mostly Non-Toxic).
The only problem for this is that in order to detoxify a large amount of waste, we will
need to have a LARGE colony of bacteria. This means that we need to have a great deal of
surface area for them to live. This is solved in a majority of Aquaponic systems by having a
grow-bed (or series of beds) filled with inert rock media. This media provides a HUGE
amount of surface area for the bacterial colony and also works to provide support for the root
systems of the plants. Systems can be run without media beds, but they are more complex
and require some specialized considerations – more will be discussed later.
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Now that the bacteria have done their job, we have gotten rid of the toxic ammonia, but
we still have the nitrate in our system. This is not very toxic to the fish, but it still needs to
be removed. This is where our plants come in. Technically, this is the “Hydroponic” portion
of the system as our plants are growing without the use of soil. As any gardener can tell you,
the Nitrogen component of any fertilizer for a garden or lawn is going to be Nitrate. Thanks
to the bacteria, we have this in abundance. All we need is a large number of plants to pull it
out of the water. As the plants grow and develop, they will use this excess nitrate and by
doing so, they will perform the final filtration of the water and return the clean water back to
the fish tank for the next go around.

In our opinion, this is the simple beauty of the Aquaponic design. Each of these systems
will continuously cycle and repeat, and will maintain this micro-ecological balance with only
a little effort on your part. Once a system reaches maturity (after a few months), it will be
able produce a harvest of both vegetables and fish with minimal input and effort – it will
(almost) run itself. You can design an Aquaponic system of any size and of any
configuration -- you will just be limited by your individual site location and the specific goals
that you have for your system. This system can be indoor or outdoor, and a small backyard
system to a massive commercial operation -- it doesn't really matter, because each uses the
same technological concepts.
It should be said, however, that there is currently only one realistic limitation on the
design of an Aquaponic system - it must be Fresh Water. This is simply due to the fact that
the plants commonly used to filter the water will not survive in salt water.

Phase One: Cycle the System
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Now that you have a fully constructed system in your home, what do you need to do?
Well the first step is to begin the process of cycling the system. What this means is that you
have to build the ecosystem in your AP system. You need to let the good bacteria begin to
grow, you need to run the water through each piece and, most importantly, you need to be
PATIENT. Remember, you are now a Farmer. This means that things will take time to
develop on their own. So follow these steps, and then go practice your yoga, meditation, or
read a book – this process CANNOT be rushed. To properly cycle a system, you will spend
about 4-6 weeks slowly doing this. If you try to rush and take shortcuts, things will not work
the way they are supposed to!
In order to cycle your system, you
will need to slowly and sustainably add
ammonia to the water of the system.
Over time this will allow your colony of
good bacteria to develop to a point
where they can handle the waste
products from your fish. Since these
bacteria are found everywhere, you don’t
really have to do anything specific to
begin this process; as long as you have
ammonia in your system, the colony will
develop. But, there is an allowed shortcut at this stage (Note: this is the ONLY
shortcut!), you can take about 2 weeks
off of your timeline by adding some
material from a fish tank that has been
running well for a while (many aquarium
shops would be more than happy to let you take some tank water and/or the clean outs from
their tanks). Effectively by doing this, you are adding a concentrated population of good
bacteria and they will be able to grow very fast in the new environment.
These first six weeks or
so are going to be critical to
the health of your system.
Take it slow and steady
(remember, this wins the
race!) For the first 2 weeks
that you are cycling your
system, you should check
your water quality DAILY.
After that, you can drop back
to checking about every 3-4
days. Once your system is
fully cycled you can check
you water quality once every
week or two.
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When you check, you are going to look at the daily levels for Ammonia, Nitrate, and pH.
It would not be bad idea to also look for Nitrite, as that is the intermediate compound in the
waste breakdown. In general terms you see the ammonia levels peak and then begin to
decline as the levels of Nitrite begin to increase. The concentration of Nitrite will continue to
increase to a peak, and the Ammonia
should decrease to effectively zero.
When the Nitrite peak begins to decline
and you start seeing Nitrate in your
system, you should see a corresponding
increase in the growth rates of your
plants. In many systems the plants will
seem to “jump” and start growing
rapidly when the Nitrates show up. As
the process continues, your levels of
Ammonia and Nitrite should decrease to
effectively zero and the Nitrate should
remain at a steady level.
Image from The Aquaponic Source

Once you begin to see nitrates in your
system, you can slowly increase the amount
of Ammonia in your system (by adding more
fish, feeding the current fish more, or adding
more raw Ammonia.) This will allow for a
corresponding increase in Nitrite and Nitrate
production and will allow your bacterial
colony to grow strong in a steady and
consistent manner. BUT, remember that
this entire process should take AT LEAST
a month. Six to eight weeks would not be a
bad way to do it though.
Image from synaptoman.wordpress.com

There are two primary ways to cycle your system: 1. With
Fish; 2. WithOUT fish. Each method really does the same thing,
but there are certain advantages to doing one over the other.
Cycling WITHOUT Fish: This is probably the safest method,
because you have absolutely no chance of killing your fish while
your system develops. To cycle your system like this you are
going to need to add ammonia directly to your system. You can go
to the store and buy a small bottle of Pure Ammonia (cleanser) and
use that. (The alternative is that you can actually just pee in your
system…. But, some have an issue with that concept.)
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Cycling with Fish: This is a common method and, with enough patience, is perfectly
safe for all involved (speaking for the fish). The best way to do this is to run the system for
48 to 72 hours with no fish, and to then introduce roughly 5 to 15 small “feeder” goldfish to
the fish tank. (These are the ones that you
see for 10-15 cents each at the pet store.)
Goldfish are a very good choice, because
they can handle less than optimal water
conditions, and they are cheap. A word of
warning – if you plan to do your cycling
with fish, DO NOT get attached to your
goldfish. There is a very good chance that
you will lose at least a few of them during
the process. Don’t worry about this too
much; continue to check your water
quality and then adjust how much you are
feeding accordingly. Remember, fish can
go for several days without being fed.	
  

Phase Two: Daily/Weekly Maintenance
Now that your system is fully cycled, you are really going to begin to enjoy the fruits of
your labors (no pun intended…) This is the point where your friends who do traditional
gardening are going to begin to be amazed at what you can produce and the (minimal) work
that goes into it.
Depending on the size of your system, the following times may be slightly different, but
in general your daily tasks will be to feed your fish (we do twice a day), check water flow
and siphons, prune/nurture plants, and harvest produce/fish as needed. Once a week you
should check your water quality and top off your water (fill your Fish Tank/Sump).
For an average sized backyard system, you should be spending somewhere between 10 to
30 minutes per day on your system – and in truth, you could get away with 5-10 minutes total
if you were in a rush. Personally, we like to putter and play, so we are closer to the 30
minute mark.
Either way, you are going to be spending FAR less time working on your garden than
your friends, so try not to gloat too much! J
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Options for your system in terms of fish and plants:
If your goal is to have edible fish to harvest, you have some options, depending on the
system you have installed, whether it is indoor or outdoor, covered or uncovered, heated or
unheated, and on some other variables. Basically, if you desire to eat the fish or other aquatic
animals you raise, you can introduce tilapia, trout, or catfish and they will all do well in our
North Texas environment with the primary consideration being the winter water temperature.
Tilapia like warm water, and might need to be wintered indoors. You might even try fresh
water prawns and crayfish with some success.
On the other hand, if your goal is to primarily replace or supplement your dirt garden,
you have the option of stocking fish only for their nutrient value to the plants, which means
that you may stock your fish tank with inexpensive goldfish which are great fun and very
hardy. They also grow quickly, provide lots of enjoyment and learning experiences for the
kids, and become “tame” enough to respond to tapping on the side of the tank when it’s
feeding time. Ornamental Koi, which grow to be large and beautiful are another possibility,
as are almost any other aquarium fish that can be added to an indoor tank. We would
recommend, however, that you not fill your outdoor tank with expensive, “trophy” varieties!
For plants in the grow-beds, your choices are limited only slightly by the fact that those
plants whose edible portion is the root, such as carrots, beets and potatoes, do not develop
well in the Hydroponic environment. Green, leafy vegetables thrive; as do all varieties of
herbs. We have had great results with kale, rainbow (or Swiss) chard, all kinds of parsley
and basil and most
varieties of lettuce.
Generally, vegetables
perform a bit better than
fruits, but we grow
tomatoes, beans,
peppers, squash,
eggplant and cucumbers
with varying degrees of
success. We are even
growing Nasturtiums,
because they are pretty
– as well as being
edible. Weather,
especially the extreme
Texas heat, takes its
toll; and the more support a vine needs to grow and produce, the more difficult it is to
provide for those needs in the grow-bed. Also, birds and other backyard residents (squirrels
and insects) seem to find our plants inviting. We have lost numerous red strawberries to
those “attacks.” But, on the whole, the same variety of plant in the Aquaponic grow-bed has
out-produced its counterpart planted in an adjacent dirt garden in the same yard and under the
same conditions. Now, we think that’s pretty impressive.

Harvesting your plants and fish:
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It’s supper time and a visit to the
grow-beds. Hmm, let’s have some
lettuce and kale and tomatoes and a
green pepper and a red pepper and
some basil and parsley. . . I think
you get the idea.
Your own fresh supermarket is
just outside your door. And don’t
forget the fish, depending on the
species you raise, you will be able to
have your own raised catch once or
twice a week, after about the first six
months. Harvesting the food – the
result of your labor – is the really
fun part of Aquaponic gardening. When you consider it, though, it’s all fun! And it’s
educational. And it’s healthful and nutritious. And it’s economical. And it’s about as
convenient as it gets.

Nutrient Availability Chart: pH – Range
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VOCABULARY, ABBREVIATIONS, and ANAGRAMS
AEROPONICS: A hydroponic technique involving the use of sprayers, nebulizers, foggers, or
other devices to create a fine mist of solution to deliver nutrients to plant roots.
ALGAE: From fish manure, algae, and decomposing fish feed — are contaminants that would
otherwise build up to toxic levels in the fish tanks, but instead serve as liquid fertilizer to
hydroponically grown plants.
AMMONIA: The hydroponic beds function as a biofilter — stripping off ammonia, nitrates,
nitrites, and phosphorus — so the freshly cleansed water can then be recirculated back
into the fish tanks. Ammonia: This is the first step in the nitrogen cycle. Ammonia is
generated by fish urine and by the decay of dead fish and plant material. It is perhaps the
deadliest agent to tropical fish. Care must be made to ensure that the ammonia levels stay
at zero.
AQUACULTURE: Aquaponics is a bio-integrated system that links recirculating aquaculture
with hydroponic vegetable, flower, and/or herb production. N. Rearing aquatic animals or
cultivating aquatic plants for food. It’s a type of cultivation (agriculture) production of
food by preparing the land to grow crops (especially on a large scale). Aquaculture: The
controlled cultivation and harvest of aquatic plants or animals.
AQUAPONICS: The integration of aquaculture and hydroponics
BACTERIA: The nitrifying bacteria living in the gravel and in association with the plant roots
play a critical role in nutrient cycling; without these microorganisms the whole system
would stop functioning.
BIOLOGICAL: Aquaponics serves as a model of sustainable food production by following
certain principles: The waste products of one biological system serve as nutrients for a
second biological system.
CHIFT PIST: Constant height in fish tank, pump in sump tank
CHOP: Constant height, one pump (basically same as above, just less letters)
CHOP2: A recent modification of the CHOP style system, as developed by Murray Hallam.
DEEP WATER CULTURE (DWC): a hydroponic method of growing plants in which the roots
are suspended above, and allowed to drop down into an aerated nutrient solution. This is
not natural but with a properly aerated solution the roots can be continually submerged
without problems because the roots take up nutrients in the presence of oxygen. The
solution is usually aerated constantly by using standard aquarium pumps and air stones,
which deliver oxygen to the roots. The container holding the roots and aerated nutrient
solution must be completely light proof in order to prevent algae growth. The solution
must be topped off from time to time.
FLOOD AND DRAIN (or EBB AND FLOW): In its simplest form, there is a tray above a
reservoir of nutrient solution. The tray is filled either with growing medium (clay
All	
  Content	
  is	
  property	
  of	
  Green	
  Phoenix	
  Farms.	
  Copyright	
  ©	
  2012.	
  
Not	
  intended	
  for	
  distribution	
  in	
  any	
  format.	
  

	
  

	
  

Page	
  21	
  

granules being the most common) and planted directly, or pots of medium stand in the
tray. At regular intervals, a simple timer causes a pump to fill the upper tray with
nutrient, after which the nutrient drains back down into the reservoir. This keeps the
medium regularly flushed with nutrient and air.
HYDROPONICS: The growing of plants without soil by using an inert medium such as sand,
peat, or vermiculite and adding a nutrient solution containing all the essential elements
needed by the plant for its normal growth and development.
MICRONUTRIENT: Fish effluent contains sufficient levels of ammonia, nitrate, nitrite,
phosphorus, potassium, and other secondary and micronutrients to produce hydroponic
plants.
MICROORGANISMS: The nitrifying bacteria living in the gravel and in association with the
plant roots play a critical role in nutrient cycling; without these microorganisms the
whole system would stop functioning.
NITRATE: It is the last stage of the aquarium nitrogen cycle and is converted from nitrites. It is
harmful to aquatic animals in high concentrations.
NITRITE: Intermediate nitrogen compound in the biological conversion of Ammonia to Nitrate
in the Nitrogen Cycle. Nitrite is toxic to fish, but less so than Ammonia.
NITROBACTER: A bacterium responsible for changing nitrite to nitrate
NITROSOMONAS: A bacterium responsible for changing ammonia to nitrite
NUTRIENT: Aquaponics serves as a model of sustainable food production by following certain
principles: The waste products of one biological system serve as nutrients for a second
biological system.
NUTRIENT FILM TECHNIQUE (NFT): In this method, the plants grow through light-proof
plastic films placed over shallow, gently sloping channels. A steady flow of nutrients is
maintained along the channel, and the roots grow into dense mats, with a thin film of
nutrient passing over them (hence the name of the technique). A downside of the
technique is that it has very little buffering against interruptions in the flow e.g. power
outages; but overall, it is probably one of the more productive techniques in hydroponics
PHOSPHORUS: The hydroponic beds function as a biofilter — stripping off ammonia, nitrates,
nitrites, and phosphorus — so the freshly cleansed water can then be recirculated back
into the fish tanks.
SLO DRAIN: Solids Lifting Overflow. Also known as Venturi Drain, used in CHIFT PIST
(Constant Height in Fish Tank, Pump in Sump Tank).
SUSTAINABLE: Recent advances by researchers and growers alike have turned aquaponics into
a working model of sustainable food production.
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IBC TOTE
SYSTEM
CONSTRUCTION
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Background and Some Introductory Thoughts:
The IBC Tote system is one that has become rather ubiquitous with the DIY Aquaponics
scene, I believe that it is a great way to “get your feet wet” so to speak and by building a system
in this manner any individual can gain a complete understanding of the basic principles involved
with Aquaponics.
There are a few things to consider seriously when you begin the preparations for building
a system of this type. First, you have to know that if you care about appearance in any fashion,
this may not be the system for you. While it is possible to put siding or some other type of
covering over the surface of the IBC cage, you will spend as much (if not more) time and money
to do so. Meanwhile, that same amount of money, and less effort could have been used to build a
larger system out of a different series of materials. Second, a single IBC tote will not make a
large system. The resulting system will have a fish tank volume of less than 200 gallons and a
single grow bed of only 16 square feet. This will be enough space to get an idea of how to utilize
Aquaponics, but you will not grow a HUGE amount of food.
That being said, using Blue Barrels and IBC Totes are a GREAT way to learn the basics
and to experiment with new methods. Sometimes it is great to keep a couple of little “test” beds
in your system and when you have a cool idea (or even a silly, strange one) you have a place to
try it out.
Sourcing your materials – Be EXTREMELY careful who you purchase your totes from.
IBC totes are used in a very wide variety of industries and some of the totes are used to carry
EXTREMELY toxic and harmful chemicals. These “toxic” totes (and all of the others) are
supposed to have labels on the side to clearly list the prior contents. Be aware that there are a
number of rather unscrupulous people out there who are willing to sell totes from any source.
Sometimes these totes can seem like an amazing deal, but
you need to know that due to the porous nature of the
plastic used in the totes any chemical held can never be
completely removed (No matter what you are told!) In the
DFW area, an average price for a Food-Grade tote will be
between $65 – 150.

System Description:
The IBC Tote system that is outlined in this manual
is a very simple one, and as such is extremely appropriate
for a beginner. This system uses the bottom two thirds of a
tote as the Fish Tank and the top third is flipped upside
down and becomes the grow bed. There is a single water
pump to provide circulation, and the drainage is
accomplished by a non-mechanized Bell Siphon.
In brief, the water (along with all of the fish solids and other waste particles) will be
pumped upward into the media bed. This media bed will be supported across the width of the
Fish Tank by a trio of 2x4 boards. As the volume fills up with water from the Fish Tank, the
subsequent drainage will be accomplished by an automatic Bell Siphon that will be located in the
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front corner (opposite of where the water pump flow enters). This will drain back into the Fish
Tank and become aerated along the way.

Materials Needed:
1

“Food-Grade” IBC Tote

1

Water Pump (300 – 500 gph capacity)

4

2 x 4 @ 8’ (Treated Lumber is fine.Redwood is better – though expensive)

1
4
1
1
1
1
1
1

1” Bulkhead Fitting
1” 90 degree Elbows
2” Dome Cap
4” Sewer Cap
4” Sewer Pipe (perforated “French Drain” pipe) @ 12” long
2” PVC pipe @ 11”
1” PVC pipe @ 10’
½” PVC pipe @ 6”

Optional: These pieces will add a bypass to the water pump circuit, and allow for aeration
of the fish tank. The ball valves will also allow more control over the flow of
water into the media bed.
2
1” Ball Valves
1
1” T-connector
1
1” T-connector (1/2” side)
2
1” 90 degree Elbow

Tools:
Reciprocating Saw or Rotary (Angle) Grinder
Drill (corded or cordless)
Hole Saw – 1.75” for Bulkhead
Handsaw or Hacksaw
File
Teflon Tape
Aquarium Silicone
PVC Primer and Glue
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Construction Steps:
Phase One: Removing the Bladder from the Cage.
1
2

Unscrew the connectors holding the two straps to the frame on the top of the IBC (4 screws).
Separate the bladder from the cage by placing the IBC on its’ side and sliding the bladder out.

Phase Two: Cutting the cage into two pieces.
1
2
3

While the cage is still on its’ side, and working from the bottom, come up to the first brace
that goes around the four sides of the cage.
Mark on the topside of that first brace as your line to cut on. The finished look will be
smoother on the top and flat all the way around.
Using a grinder (or reciprocating saw with metal cut blade) cut all the metal straps flush with
the top. You may need to file some of the stubborn metal burrs that are sticking up.

Phase Three: Cutting the bladder.
1
2
3
4
5
6
7

Place the small part of the cage, with the bottom attached, upright.
Remove the corner insets (if present).
Set the bladder in the cage, with the opening to tank at the bottom, inside the smaller section.
Mark a line around the bladder at a height that will leave one or two inches of plastic bladed
extending above the top rail of the smaller section.
Remove the plastic bladder from the bottom section and set it on its’ side again.
Using a straight edge make a clear, easy to see line where you are going to cut.
Using a grinder or saw, carefully cur the bladder along the line.

Phase Four: Assembling the Fish Tank.
1
2
3
4
5
6
7
8
9

Stand the large section of cage upright with the base on the ground.
Insert the large section of bladder into the cage. Make sure to align the purge valve with the
appropriate section of the cage.
Measure the length of the long side on the new upper edge of the fish tank. Cut two pieces of
2x4 to fit this section and on the opposite side. These boards should measure
approximately 48”.
Carefully use a 1.5” Self-tapping TEK screw to attach each board to the tank frame. It will be
necessary to install the screw from the inside of the tank. Do this by screwing through the
plastic bladder and then through the metal rib of the frame.
Repeat the previous step for the second board cut in step 3.
To measure the length for the final boards, it will be necessary to measure the space from the
outside of each board installed above. Cut two pieces of 2x4 to fit this section and on the
opposite side. These boards should measure approximately 43”.
Install these lengths in the same manner as the previous side rails. (Step 4)
Place two 2x4’s (@ 4’ length) across the shorter dimension of the Fish Tank. They should be
long enough to span the tank. They should rest above one of the vertical ribs of the Fish
Tank cage.
Place the remaining two lengths of 2x4’s on top of those from the prior step. However, these
should run in the opposite direction, and fit inside the cage of the media bed.
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Phase Five: Plumbing the System.

Water Supply and Venturi Aerator:
2
1
1
3
1
4
1
2
1
1

1” Ball Valves
1” T-connector
1” T-connector (1/2” side)
1” 90 degree Elbow
½” PVC pipe @ 6”
1” PVC pipe @ 2.5”
1” PVC pipe @ 4”
1” PVC pipe @ 6”
1” PVC pipe @ 10”
1” PVC pipe @ 24”

Auto Siphon Growbed Plumbing:
1
1
1
1
1
2
2
1
1

4” Sewer Cap107_7499.JPG
4” Sewer Pipe (perforated) @ 12” long
2” Dome Cap
2” PVC pipe @ 10”
1” Bulkhead Fitting
1” 90 degree Elbow
1” PVC pipe @ 4”
1” PVC pipe @ 2.5”
1” PVC pipe @ 10”

Media Bed Plumbing:
1

Use a 1.75” Hole Saw to drill a hole in the front left corner of the media bed.

2

Locate the 1” Bulkhead fitting. Unscrew the male threaded nut from the female portion. The
female section should have a soft rubber washer around it. Run a bead of silicon around
this washer, and then place this into the hole drilled in Step 1. The female threads should
exit the bottom of the media bed, and the bead of silicone should be in contact with the
bottom surface of the media bed.

3

From the underside of the bed, screw the male nut onto the female threads as tight as
possible. While you do this, make sure that the silicone forms a smooth bead around
the fitting on the inside of the bed.

4

Measure the depth of your Media Bed from the plastic around the bulkhead fitting to the
top of the bed. (For the purposes of this kit, we have made the ASSUMPTION
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that depth of your bed will be 12”. If your depth is different adjust your components
as needed.)
5

INSIDE the bed: Insert the 10” section of 1’ PVC pipe into the bulkhead as the standpipe for
the bed. There should be approximately 9.5” sticking upward from the bottom of the bed.

6

Now it is time to construct the Bell. This is composed of the 10” section of 2” PVC pipe with
the 2” Dome Cap. Connect these two pieces together making sure to join them together
EXTREMELY tightly. Using a generous application, glue the 2” Dome Cap onto the
other side of the Bell pipe. Make sure that there is no gap at all in the seal – this would
cause an operational failure.

7

Finally, drill a series of holes around the base of the 2” pipe to allow water to enter the base
of the Bell.

8

Locate the 4” perforated sewer pipe. There should be a Cap and a 12” section of pipe. These
are to be placed around the Bell as a shield for the media. This is what allows the water to
flow out of the bed, but will prevent it from clogging the operation of the bell siphon.
When you begin to fill the bed with media, make sure to put the lid on
the sewer pipe.

9

BELOW the bed: Insert a 6” length of 1” PVC pipe into the underside of the
bulkhead. Now attach a 1” 90-degree elbow with another 6” length of 1”
pipe. Finally, add another 90-degree elbow with 6” length of 1” pipe. The
entire assembly should look like a zigzag. (This shape is essential for the
proper function of the auto-siphon.)

10 The finished product should look like this:
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Water Supply and Venturi Plumbing:
1

Locate the 24” length of 1” PVC pipe, this piece will extend down into Fish
Tank. Onto one end of this pile attach the threaded pump adapter (picture at
right).

2

On the other end of this pipe will attach to the 1” Tee fitting.

3

The horizontal facing side port of the Tee will need
a short (2.5”) piece of 1” PVC pipe. This will
connect the 1” Tee to a 1” Ball Valve.

4

To connect the Ball Valve to the Tee fitting
with the ½” side port, you will use one of the
6” pieces of 1” pipe. Insert the 6” section of
½” PVC pipe into the appropriate socket in
the Tee fitting.	
  

5

On the other side of this Tee will be a short (2.5”) piece of 1” pipe to
connect to the 1” 90 degree elbow. This fitting will have the 10”
piece of 1” pipe extending down into the Fish Tank as a Venturi
aerator

6

The vertical facing side port of the initial 1” Tee fitting will need a short (2.5”)
piece of 1” PVC pipe. This will connect the 1” Tee to a 1” Ball Valve.

]
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7

Into this Ball Valve, insert the second 4” section of 1” pipe. This
will connect to a 1” 90 degree elbow, which is connected to
the final short (2.5”) section of 1” pipe. Now connect the
final 90 degree elbow and the second 6” section of 1” pipe.
These pieces should form a U-shape.

8

The final product should look like this:
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NOTES:
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