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Aquaponics on Cat Beach 

Fish and plants growing in recirculating water

This compendium is a brief instruction on how to start a circulation system of your own. If you want to learn more and get a deeper understanding you can, in a few months time (approximately august 2002), print the extended document from the same homepage  (http://www.itv.se/rainbow/english/index.html. Furthermore you will find more information on our homepage http://www.itv.se/rainbow. There you can find links to other websites about Hydroponics and Aquaponics. Or you can join our world-wide discussion group and gain knowledge from colleagues all around the world.

Introduction

What is Aquaponics?
We cultivate fish and plant in the same circulating water. The picture below shows a fish tank connected to a plant bed filled with gravel. The water flows from the fish tank to the tomatoes or cucumber in the plant bed. The water is then pumped back to the fish after it’s been aired and saturated with oxygen.
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This means that we produce fish and vegetables in an environmental sound way, were both the fish and the plants benefit from this method. The fish excrements fertilise the plants and the plants, on the other hand, clean the water for the fish.

Which are the advantages?

· In comparison with ordinary aquaculture for fishbreeding our system use a very small amount of water. The system can be established almost anywhere and in any scale. For example as a small system in Your kitchen or as a system in a big industrial plant.

· The fish are better protected from fish diseases.

· The cultivation is protected from the forces of the sea (like storms in the autumns or drifting ice in the winter). 

· The Fish can grow for longer periods of time in a controlled environment which promotes a good profit.

· The plants get their nutrient solution and the fish get clean water, the different elements in the system support each other.

· For every kilo fish feed, the fish grows one kilo which in turn makes it possible to produces 10 kg of vegetables like tomatoes or cucumbers. This sure looks promising as a business idea.
· The recirculating system is what we consider an ecological system. We use readily obtainable materials and simplified methods to create a practical production system for growing chemical-free food.

· Many people find that fruits and vegetables grown in hydroponics are better tasting than vegetables grown soil.

To buy or build a small system?
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System with floating plants and filter to clean the water

In America you can buy readymade systems. They can be simple system like the one in the picture. But most of them, however, consists of a separate aquarium and a separate growing bed for plants. They are often called "class room systems" because they are used in schools as an illustration of the natures own recirculating system.

We strongly recommend you to build your own system!

When you do, it is good idea to begin with a small system in the kitchen with an aquarium with goldfish and a plant bed with herbs or lettuce. While you learn more about bioponics from your small system you will have plenty of time to prepare for the next phase, a bigger system. Before constructing your bigger system you can now do research and get aquatinted with materials and prices and make sketches on different solutions. You can also visit green house gardeners and talk to fish farmers to get inspiration. Be on the alert, you can often find cheap components originally meant for something else, or components that has been used before. But first you have to start with your smaller system.

Components in a recirculating system
Equipment:

You need the following equipment:

· An aquarium.

· A growing bed with hose connection.

· A water pump with hoses and a timer.

· An air pump with hose and a diffuser (oxygen-stone).

· Gravel for the plant bed and the aquarium.

· Seeds for lettuce or Pac Choy.

· Fish.

· Sticks for measuring nitrite, nitrate and pH.

First sow the lettuce seeds! It takes between 1 - 3 weeks to get seedlings big enough to plant them in the system plant bed, so you better star sowing now. Try 20 lettuce seeds and 20 Pac Choy. Sow in a small pot looking like the one illustrated below. You can sow your seeds in peat moss. We have also tried, and succeeded, sowing in ordinary cotton, filterwool for the aquarium or rockwool. 
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Next order fish! It's now time to contact your fish dealer - often a retail aquarium dealer – to ask if you can get a delivery of fish in 3 to 6 weeks. Buy a durable fish, our suggestion is goldfish or koi. Now you are ready to start building the system!

Get materials! For a cheap alternative find two plastic barrels - one for the fish and one for the plants. Cut the fish barrel in two “standing” 100 litres containers - use one of them for fish. The other barrel you cut in two “lying” growing beds. This solution can be quite cheap but it is more fun to see the fish. Therefor we recommend you to buy an aquarium. For the plants you can buy a plastic trays 70 x 50 cm at the supermarket. Put pea-sized gravel in the growing bed. You also have to buy a water pump and an air pump from your aquarium dealer and hoses where you find them cheapest.

Build or buy a shelf for the system! Place the growing beds by a window facing south or if you haven’t got a suitable window you have to buy a fluorescent lamp (ask your electric dealer for suitable lamps). In our system we have two fluorescent lamps hanging about 30 cm above the two growing beds The tubes have a capacity of 18 W and they are specially made for illuminating plants. Some people place their system in the basement, but we recommend you to place the system where you can conveniently supervise it. This way you quickly learn the habits of the fish and the condition of the plants and can easily notice if anything is wrong.

Connect the system components! Place the aquarium below the growing beds and preferably beside the window to shade it from the sun light (to prevent alga growth). Fill the aquarium with water (if you use the town water you must use the air pump a couple of days to get rid of the chlorine). Place the water pump in the aquarium and connect the hose with one corner of the growing bed. If you have two growing beds you must get a T-connector which can distribute the water evenly between the two growing beds. At the bottom of and in the opposite corner of the growing bed You make a connection to a return hose (we use a cheap plastic connection usually used on boats). At the side of the aquarium and above the surface of water you place the air pump (to prevent the water from floating backwards in case of a power breakdown). Place the air stone a little bit above the bottom of the aquarium (to prevent it from stirring up the excrements at the bottom). You can make the aquarium look better by adding gravel, some stones and aquatic plants, but it is not necessary. The system is easier to handle without ornaments. The choice is yours. Finally you fill the growing beds with pea sized gravel. The gravel must be cleaned from small particles, use a colander or a strainer to clean it well.

Start of the system

Start the biofilter - multiply the bacteria! Fill the system with water and start the air pump. It is important to keep the oxygen level high for the bacteria to thrive. The water pump is now circulating the water through the system and it is important to get the bacteria in the gravel to multiply so they later can take care of the fish excrements and residue from the fish feed. To achieve this there are many possible ways - but we recommend adding a very small amount of ammonium (be careful, take one or two drops in a cup and then take a spoonful and add this to the system). The bacteria are always present in gravel and now you only feed them. After a week you can start measuring the amounts of nitrite and nitrate, using the sticks from the pharmacists or the aquarium dealer. During the first days you can have some indication of nitrite but when the system is ready you should have no response of nitrite. It normally takes between three to six weeks to multiply the bacteria enough. We once made the mistake to add the fish too early which resulted in high values of nitrite. We had to pour the water out and start all over again - so don't hurry.

Water circulating. In some systems you circulate the water continuously i.e. the pump is working all the time and the water level in the aquarium and the growing beds are always the same. In this case it is important to keep the water level not too high but arrange so that the water reach most of the gravel. Some systems spread the water with help of PVC-pipes in a pattern like a grid.

In other systems you connect a timer to the pump, running the watercirculation only part of the time. In this case you almost fill the growing beds with water and then slowly let it sink back to the fish. This is called an ebb- and flood system. Some people run the pump for 15 minutes every six hours and others recommend that the water should have a turnover two times per hour. We have two systems with ebb- and flow. In one of them we run the pump 45 minuets per day and in the other system we have a computer running the pump 2 minutes every 20 minutes. In this last case the turnover is half the systems water every hour.

Control and regulate pH! Measure pH in the water - use the pH-sticks. If the value is between 6,3 and 6,5 there is no need to do anything but if it is higher you can buy a small bottle of formic acid. Add one part of the acid to 50 parts of water and use a drop of this solution every day until pH is right. If pH is too low you can add a tea spoon of sodium (or calcium hydroxide, potassium hydroxide, ( We don't recommend Baking soda if you have plants)) in a cup of water and use a drop of this until pH has the right level. 

Fetch the fish! Up to three to six weeks after the start of the biofilter and the nitrite measuring stick is white (no indication) and the nitrate value shows pink it is time to fetch the fish. At the same time buy some fish feed (pellets). Discuss fish feed issues with your dealer - some fish feed float and some sink. We recommend 5 goldfish and 2 koi to start with. Try to establish the weight of the fish, because the fish feed amount should be 1 - 2 % of the fish weight. If the fish is young it can preferably be 2 % but with older fish reduce it to 1 %. Feed this to the fish twice a day. With this amount of fish feed you could probably produce one head of lettuce once a week. It doesn't seem much but remember this is probably just a step towards a bigger system and the important thing is - you are learning.

Plant the seedlings in the growing beds! Plant the most sturdy looking seedlings and place them in the growing beds in the gravel or in a small pot placed in the gravel up to the edge of the pot. It is important that the pot can let the roots through without any effort from the plant. Turn on the light - let the sun shine!

Check the system carefully the first two weeks!! Measure pH every day! It should be between 6,3 - 6,5. Also measure the nitrite and nitrate every day. If you ever get an indication of nitrite - stop feeding the fish until the nitrite has disappeared. It is mainly the nitrite that is poisonous for the fish.

The every day handling

Study the system every day! It is very educational to have the system close by. In that way you can immediately notice if anything deviate from the normal condition.

Measure pH and nutrition twice a week during the first two months! Later on when you have more experience you can decide for yourself how often to measure.

Temperature. Until now we haven’t talked about temperature because we have assumed that the system is situated in room temperature of 20 degrees Celsius, which means that the water temperature is about 19 (the chilling effect of evaporation). In this temperature you can have goldfish and koi without any heater. If you use other fish species it can be necessary to heat the water. Talk to your aquarium dealer!

Sow a seed! Every time you harvest a lettuce you have to sow a seed. In this way you will have a continuously growing crop. Sometimes you have to sow many seeds to guarantee the growth of at least one plant. The germination vary from specie to specie but it also vary between different suppliers which may be due to different storage and different handling. You will quickly learn how the seeds behave.

Handling a deviating system
Fish diseases. If you are misfortune the fish could catch a disease - often by a parasite. It's then necessary to act quickly. Take the infected fish out of the aquarium and place it in a bucket of water. Then contact your aquarium dealer or kill the fish. What action you should take depends on how many fish you have and how many fish that has caught the disease. If it is only one or a few fishes we recommend you to kill it - they are after all quite cheap. Otherwise follow the aquarium dealers advice.

When all the fish has been taken out of the system you have to disinfect the system before you start it up again. This is done in the following manner:

· Empty the system of water - remove the plants.

· Take down the system components and wash them as follows:

· First use water with so much sodium that pH rises to 12. Wash!

· Rinse with fresh water.

· Then use water with so much formic acid that pH sinks to 3 - 4. Wash!

· Rinse with fresh water.

· Restart the system and restart the bacteria growth.

You should be careful not to run the system pump with these strong solutions. The pump could be damaged!

Plant deviation. Sometimes the plants leaves turn yellow or shows other symptoms. If you have the right pH and the nitrite value and nitrate value are within approved limits, then the reason can be lack or surplus of other substances. The most usual deviation is deficiency and it is easy to repair by adding some nutrient (like pot-plant nutrient), which hold all the usual nutritive substances. The explanation to the deficiency is that the excrement from the fish doesn't always hold all kinds of nutrient. But be very careful not to add too much nutrient, which makes the nitrite level rise and kills the fish. During a short period (less than a year) you can use alga nutrient but in the long run Chloride will accumulate in the system, which is due to the alga accumulating NaCl (salt) from the sea. This will dissolve in your system and you will get a small salt desert instead of a healthy growing bed.

To choose fish and plants
To choose the right sort of fish and plant is of great importance when building medium or bigger systems as the owner must earn an income on it. The system must be profitable.

Fish. When you build a small system you have to learn the basics of aquaponics. Then the choice is more simple. The fish you choose is preferably a gold fish and/or a koi (a carp fish). They are very hardy in comparison to other species and they can thrive in water temperature from 5 to 25 degrees Celsius. Another advantage is that you can put them in a pond in the garden during the summer.

Plants. It is the same way with plants. We recommend you to choose such plants that suites this type of cultivation. All over the world people grow different kind of lettuce in nutrient solution, sometimes directly in the solution and sometimes with the support of a pot with peat moss or rockwool. Cabbage is also very good and the best sort so far is Pak Choy (Canton Pak Choy, Pai Tsai White Stalk, Shanghai, Lei Choy, and Bok Choy) which is used in salads and in wok courses. When you start the system you need to use plants that you know are good at picking up all the nutrient in the water. As you learn more you can try other kinds of plants.

To balance the production of fish/plants

The purpose of the professional grower. To keep the right proportion between plants, fish, water, gravel and to feed the fish and plants sufficiently to get good products out of the system is the goal for the professional. Then the cultivation will be profitable. In our small system it is not important that the fish and plants grow at a maximum, instead it is important to find a balance in the system. Otherwise some parts of the system will die and the system will stop functioning. Even in our amateur system it is important to get the fish, bacteria and plants to thrive.

Be practical! In our aquarium system we can keep other relations between the components than in professional systems with rainbow trout or tilapia. In our small system we have to be practical. It is not practical to start growing tomatoes in this little system. Instead we grow lettuce in the growing bed which has a gravel volume of about 85 litres and the aquarium of 100 litres.

The relation between the components
	Proportion water to gravel
	One part water
	One part gravel

	Proportion fish to water
	Min 400 gram Max 800 gram
	100 litres of water

	Number of lettuce per unit area
	Max one lettuce
	Square decimetre

	Proportion of fish feed
	1 - 2 gram fish feed per day
	100 gram of  fish


Costs

The costs to investment in a system varies a lot. If you buy everything brand new it, of course, gets more expensive than buying the parts on second hand. If you talk to people who have built a system (mostly in the USA) most of them have succeeded building it rather cheaply. In the table below we present an estimate of our costs. We have expressed it in US dollar:

	Our costs
	Price
	Alternative costs
	Alt price

	Second-hand aquarium 100 l
	30
	Well cleaned plastic barrel 
	5

	Water Pump 
	60
	Suitable pump with timer
	30

	Air pump with hose
	26
	Air pump with hose
	26

	Trays as growing beds, 2 units
	14
	Well cleaned plastic barrel divided in two
	5

	Aquarium gravel
	15
	Use ordinary gravel
	0

	Gravel for the growing beds
	2
	Use ordinary gravel
	0

	Water hoses and connections 
	25
	Simple hoses and connections
	15

	Fluorescent lamp
	50
	Fluorescent lamp (secondhand)
	20

	PH-sticks and nitrite/nitrate sticks
	20
	PH-sticks and nitrite/nitrate sticks
	20

	Material for system shelves
	20
	Shelves from the attic
	0

	5 goldfishes
	15
	5 goldfishes
	15

	2 koi
	16
	2 koi
	16

	Fish feed
	20
	Fish feed
	20

	Seeds
	3
	Seeds
	3

	Sum
	316
	Sum
	175


Depending on your evaluation of the lettuce you produce it will take between 2 - 5 years to return that money.

During that time we hope that you have had a really good time and learnt something very fundamental.

Other subjects

If you are interested in building a bigger system - a system with a greenhouse and perhaps a separate building for the fish – then you have to learn a lot more. If you also want the system to be profitable, then you have to learn even more.

These are for example important aspects:

· The greenhouse.

· Using existing houses.

· System design.

· Natural Insect and Disease Control.

· Growing different types of plants.

· Economics/Sustainability.

· Where to find technical information.

· Economics -profitability calculation.

· Marketing, marketing, marketing.

If you are going professional you must be able to do good business. Someone once said that any fool can grow vegetables and fish for fun - but to make a living on it you have to be a genius.

You are welcome to take part of the extended guidance which will be on our website later on.

