Year 9/10  Aquaponics Science Project


“Food Production of the Future?
Sounds Fishy to Me!”

Background

Aquaponics is an integrated aquaculture (growing fish) and hydroponic (growing soilless plants) system. First, the waste from fish tanks is pumped to a section of the system to be treated with a natural bacteria that converts the waste--which is largely ammonia--first to nitrite and then to nitrate. At that point, the fish waste is in a state that can be used to feed the plants. The fish wastewater is then pumped to a media bed or other hydroponic system to be used as nutrient solution by the growing plants.

Aquaponic systems are gaining popularity and can be used to grow food for personal use or for commercial production. The most popular fish grown in aquaponic systems is tilapia. However, some growers have had success growing largemouth bass, perch, carp, crappies, bream, and some ornamental fish such as koi and goldfish. 
The plants that are traditionally grown in these systems are lettuce, other salad greens, and succulent herbs such as basil. Some commercial systems that feature densely stocked fish tanks can grow tomatoes, cucumbers, peppers, and even melons. 

Most aquaponic systems are located in a greenhouse. However, some systems can be located outside in temperate or tropical locations. Some growers even locate small aquaponic systems indoors next to a sunny window or under artificial lighting.

By understanding the needs of plants and by tweaking those components by aquaponic methods, it is not unreasonable to expect our plants to grow faster, mature earlier, and bear more fruit and or flowers.

As the worlds population grows and land becomes scarce it is essential that we find alternative methods for our food security for the future.

What exactly do plants need to survive? 

Here is a list of the 5 basic things plants need in order to grow. Most every plant you are likely to grow must have certain needs met. Water, light, nutrients, carbon dioxide and air.
 In order to understand more about HOW they work, we will look more closely at each.

Water:
All living things in the universe need water to survive. You may have heard about NASA looking for water on the planet Mars. Why, what’s the big deal about finding water? Scientists know that life cannot exist without water. Unless they find water on Mars there is no chance they will find life. Without water your plants will die.

In aqauponics your plants are given water not only for their survival but it is also used as a carrier for the nutrients produced by the fish. 

Light: Most people understand that plants need light to perform the process knows as photosynthesis. 
Sunlight is of course the best-known source of light for healthy plants. Light itself can be broken down into specific wavelengths. If you have ever witnessed a rainbow, you have seen light split into most of its various wavelengths. I say most because light also exists in wavelengths that cannot be seen by the human eye such as infrared and ultraviolet. Visible light as you may remember class is red, orange, yellow, green, blue, indigo, and violet. What some people may not know is plants use only a couple very specific wavelengths of light. 
Nutrients: Like other living things plants need good nutrition. 

Read the label of any box, bag, or carton, of plant food or fertilizer and you will see listed three numbers. These three numbers are the percentages by weight of Nitrogen, Phosphorous, and Potash contained in the fertilizer.

Nitrogen is used in chlorophyll production. Phosphorous is important to produce flowering. Potash also known as Potassium is necessary for good root production.
There will also be other nutrients such as Magnesium, Calcium, Sulphur are also needed to grow healthy plants.
The major difference between fertilizer that is intended to grow plants in soil and plants grown aquaponically is the nutrients received by the plants from the fish.

Carbon Dioxide: Plants need Carbon Dioxide during photosynthesis
6CO2  + 6H20→ C6H12O6 + 602

Animals, fungi, and even microorganisms produce CO2 during respiration. CO2 is also produced during the combustion of fossil fuels as well as many other natural and man-made processes. 

Like most things in life, too much of anything is bad. Carbon Dioxide is considered a “greenhouse gas”. CO2 enables the plant to make sugars. These sugars are useful in plant development not only for photosynthesis but also to help make other organic compounds needed by the plant
Air: The plants need both oxygen and air

The oxygen is used is to help convert some of the sugars into energy. 
The air needed for healthy roots.
Research Project
Our Research project will look at the impact of tank dimensions on water quality

And its effect on plant growth rate.
Ensuring the water quality within the aquaponic system requires balancing nutrients and pH for the optimal growth of three organisms: the plant, the fish, and the nitrifying bacteria. 

Nitrifying bacteria convert fish waste into nitrate (NO3-)-nitrogen (N) that may be used by the plants.

Fish waste rarely supplies nutrients in adequate amounts for plants without supplementation.

Increasing nitrification rate and efficiency would allow greater stocking density for fish and increased nutrient loads for plants, hopefully giving bigger yield of crops

. 

The objective of this research was to determine the nitrification rate response to different size tanks.
Monitoring water quality
There are several parameters we will use to monitor water quality. 
Electro Conductivity (EC)
Dissolved oxygen
pH measure

Nitrates

Total Dissolved Solids (TDS) & Electro Conductivity.

The term TDS describes all solids (usually mineral salts) that are dissolved in water. 
The TDS and the electrical conductivity are in a close connection. The more salts are dissolved in the water the higher is the value of the electric conductivity. The majority of solids, which remain in the water after a sand filter, are dissolved ions.
Sodium chloride for example is found in water as Na+ and Cl-. 
Pure water contains no salts or minerals, has a very low electrical conductivity. 
The water temperature affects the electric conductivity so that its value increases from 2 up to 3 % per 1 degree Celsius.

Conversion electrical conductivity into TDS
If your water analysis indicates the TDS and the electrical conductivity, then it should be possible to establish the following relation.

+ 500 ppm correspond to 1000 μS / cm or 1 EC 
Dissolved Oxygen 

Dissolved oxygen analysis measures the amount of gaseous oxygen (O2) dissolved in an aqueous solution. Oxygen gets into water by diffusion from the surrounding air, by aeration (rapid movement), and as a waste product of photosynthesis. 

 Environmental Impact:

Total dissolved gas concentrations in water should not exceed 110 percent. Concentrations above this level can be harmful to aquatic life. Fish in waters containing excessive dissolved gases may suffer from "gas bubble disease"; however, this is a very rare occurrence. The bubbles or emboli block the flow of blood through blood vessels causing death. External bubbles (emphysema) can also occur and be seen on fins, on skin and on other tissue. Aquatic invertebrates are also affected by gas bubble disease but at levels higher than those lethal to fish. 

Adequate dissolved oxygen is necessary for good water quality. Oxygen is a necessary element to all forms of life. Natural stream purification processes require adequate oxygen levels in order to provide for aerobic life forms. As dissolved oxygen levels in water drop below 5.0 mg/l, aquatic life is put under stress. The lower the concentration, the greater the stress. Oxygen levels that remain below 1-2 mg/l for a few hours can result in large fish kills. 

pH Measurements.
pH is a measure of the acidic or basic (alkaline) nature of a solution. The concentration of the hydrogen ion [H+] activity in a solution determines the pH. Mathematically this is expressed as: 

pH = - log [H+] 

Environmental Impact:

A pH range of 6.0 to 9.0 appears to provide protection for the life of freshwater fish and bottom dwelling invertebrates 

Nitrate measurements

Nitrate is frequently found in tap water and in high concentrations is harmful not only to fish but to the aquarium as a whole.

Nitrate is a primary nutrient source for algae. Nitrate develops in the aquarium from the conversion and decomposition by bacteria of fish waste and other organic matter. This waste is converted to ammonium/ammonia, then nitrite and finally to nitrate by bacteria in the Substrate and biological filter.

Nitrite and Nitrate should be tested for once every 2-3 weeks, If the aquarium is kept at higher temperatures, is heavily crowded or meaty foods are used then the Nitrate should be tested more frequently.
How does it happen?
 Basically, the waste from fish produces natural bacteria that convert waste like ammonia into nitrate. This nitrate is then absorbed by plants as a source of nutrients. 
The basic principle of aquaponics is to put waste to use.

Step by Step

Fish living in aquaponic tanks excrete waste and respirate ammonia into water. Ammonia is toxic to fish in high concentrations, so it has to be removed from the fish tanks for fish to remain healthy. 

· Bacteria such as Nitrosomonas and Nitrobacter. Nitrosomonas turns ammonia into nitrate. Nitrate-rich water is introduced to the hydroponically grown plants (plants grown without soil). These plants are placed in beds that sit on tubs filled with water, and the water is enhanced by the nitrate harvested from the fish waste. The plants' bare roots hang through holes in the beds and dangle in the nutrient-laden water. 

· The roots of the plants absorb nitrates, which act as nutrient-rich plant food. These nitrates, which come from fish manure, algae and decomposing fish feed, would otherwise build up to toxic levels in the fish tanks and kill the fish. But instead, they serve as fertilizer for the plants. 

· The hydroponic plants' roots function as a biofilter -- they strip ammonia, nitrates, nitrites and phosphorus from the water. Then, that clean water is circulated back into the fish tanks. 

Because fish waste is used as fertilizer, there's no need for chemical fertilizers. The money and energy it would take to put those chemicals to work is saved. In fact, the only conventional farming method that's used to operate an aquaponics system is feeding the fish.
The Chemistry behind the bacteria.

Ammonia→Nitrite→Nitrate
 For Nitrosomonas:Nitrite
NH4++  O2 + HCO3-  [image: image1.png]


C5H7O2N + NO2-+ H2O + H2CO3 

For Nitrobacter:Nitrate
NO2- + NH4+ + H2CO3 + HCO3- +  O2 [image: image2.png]


C5H7O2N + H2O +  NO3- 
Apparatus
The following equipment was used in the project:
4 tanks. Different dimension

Each tank maintained at Room Temperature. Same light conditions 
Each tank has same number of fish (10)

Each tank has same species of fish. (Gold fish)

Mint cuttings growing on “Rock wool”
Spray pump.

pH Meter

EC meter

Dissolved Oxygen Meter

Nitrate Test Strips

Method

Each tank was monitored each week for following 

pH, EC, Dissolved Oxygen, Nitrate, along with root length measured and any stem growth.
Results
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Scheme of work Year 9
1. Introduction to Ecology. Highlight the food chain

2. Plant structure: Root Stem Leaves

3. Plants as Food (9Db/5)
4. Fertilisers (9Db/5)

5. Biology Control (9Dc/8)
6. Growing lettuce (9Dd/4)

7. Organic Farming (9Dd/5) 

8. Acid and Alkali (9Ga/2)
9. Soil (9Ga/4)

Year 10 BTEC

P1 Identify the structure of the plant, in relation to food production. √
M1 Describe the structure and function of plant √
D1Explain structure and functions of plants √
P2 Practical investigation into the material stored in plant…Starch, sugars Iodine Benedict’s etc √
M2 Describe how materials are stored in plants

D2 Explain how these materials are used in food production

P3 Outline where major food plants of world are, noting climate and typical production figures

M3Compare major food crops across world

D3 Compare advantages and disadvantages of major food crops, in terms of nutritional value

P4 Identify issues re food supply..national and global. Food security√
M4 Assess influence of economic political environmental factors on food production √
Palm Kernel Oil
Bio Fuels : Power point avail √
Zimbabwe

Fairtrade Coop
· D4 Analyse the influence of food plants on the demography of the world Green Revolution - the introduction of changes in farming in India since the 1960s, using new technologies to increase farming output 
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What were the successes of the Green Revolution?

(i) Those that could afford the new Hybrid seeds, technology etc. saw an increase of 300% in crop yields;

(ii) The overall increase in food production helped to feed the ever increasing poulation with India becoming largely self-sufficient

(iii) Increased output overall meant that some subsistence farmers had a surplus which they were also able to sell, helping to raise living standards further. Money raised in this was was also reinvested into the farm, helping with the costs of machinery etc. or to buy more land

(iv) Areas in which the Green Revolution was successful became richer and more money was available for investment in schools, clinics, industry etc. i) Unfortunately for many farmers the cost of machinery was too much and they simply couldn't afford it, as well as the high initial outlay, money was also required for fuel and repair.

(ii) Many very poor farmers, were tenant farmers, with little money to buy even the new seeds or fertiliser that was required.

(iii) New irrigation schemes were required to provide the reliable source of water required by the HYVs (High Yielding Varieties of rice). As well as being expensive, in some cases where inappropriate schemes were used salinisation became a problem. Dam construction in some areas also resulted in the flooding of some good farming land.

(iv) The large amounts of fertilisers and pesticides required by the HYVs also led to serious environmental problems as they entered water supplies

(v) In areas where there was an increase in mechanisation, there was an increase in unemployment with fewer people needed to do the jobs that were now done using tractors etc.

(vi) The consequent increase in unemployment in rural areas led to an increase in rural-urban migration with more people moving to the cities, causing urban problems

(vii) Many farmers who had tried to take on the new technologies became heavily in debt, leading to increase stress and in some instances suicide.

P5 Investigate into plant breeding technologies…Hydro and Aqua Ponics

M5 Explain plant breeding techniques that have led to “improved” varieties of major food plants




D5 Evaluate advantages and disadvantages of plant breeding technologies  

P6Describe effects of fertilisers on food production

M6 Compare effect of organic and non organic fertilisers on food production

D6Evaluate problems assoc with overuse of fertilisers[image: image5][image: image6][image: image7]
