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Summary

Aquaponics is an integration of recirculating aguaculture and hydroponics in one productionsystem.
It manages an ecosystem of plants and bacteria for the production of both fish and vegetables.
This chapter provides recommendations on how to maintain a balanced system through the
management of symbiotic relationship amongst three organisms present in aquaponics.

1. Balance aquaponics system

To maintain a balance aquaponics system, fish (fish feed) need to supply adequate nutrients
for plants. Plants are responsible for filtering wastewater from the fish tank. The biofilter needs

to be large enough to process volumes of water for system circulation.

Feed ratio determines how much feed should be added daily in the system. This ratio is
calculated based on the available area for plants and the type of plants to be grown. Different
type of vegetables have different nutrient requirements. Fruiting vegetables for example
tomatoes, have high nutrient requirement compared to leafy vegetables such as lettuce and
spinach. This is because fruiting vegetables require more nutrients for flowering, fruit
development and growth. Consequently, fruiting vegetables require 50-80 g of fish feed per

square meter compared to 40-50 g of fish feed per meter required by leafy green vegetables.

Additionally to nutrient availability, plant density also plays a significant role in ensuring that
plants have adequate nutrients for growth. Excessive density of plants in a grow bed will
consequently lead to plant deficiencies due to inadequate nutrient availability for plants and
low densities of plants will not adequately filter the water. On average, four fruiting plants can
be planted per square meter when compared to 20-25 leafy vegetables that can be grown per

square meter.

The type of feed administered to the fish also influences the feed ratio. The required fish feed
should contain at least 32% protein to be accepted by fish. On average, fish on grow-out stage
(50 g) will consume 1-2% of their body weight per day. In a small-scale unit (1000 L), the
recommended maximum stocking density is 20 kg of fish. Densely stocked system will require

refined aeration technique to maintain stable dissolved oxygen levels in the system.

Furthermore, daily monitoring of water quality and health of the fish and plants will provide
valuable information on the balance of the system. Diseases, nutritional deficiencies and
mortalities are a clear indication of an unbalanced ecosystem. High total ammonium levels are
an indication of insufficient bio-filtration. Low nitrate levels indicate many plants or less fish in

the system. Increasing nitrate levels are desirable in a system and indicate sufficient nutrients



for plant absorption. However, water exchange is required when nitrates levels are exceeding
150 mg/L.

2. Nutrient cycling and establishing biofilter microbial colony

Bacteria are the most imperative aspect of aquaponics, serving as the bridge that connects
the fish waste to the plant fertilizer. The nitrifying bacteria is responsible for converting fish
waste (ammonia) into nitrate, which is easily assimilated by plants for development and
growth. New aquaponics system will normally require at least 3-5 weeks when building the
initial bacterial colony in the system. This will require continuous introduction of ammonia into
the system for feeding the new microbial colony while establishing the biofilter. The process

is measured by monitoring total ammonium nitrogen using test kits.

The nitrifying bacteria is found in land, water and air. It starts forming colonies within the first
7 days after introducing ammonia into the system. Nitrite present in the water will gradually
decrease as nitrite is oxidized to nitrate for plant absorption. The complete cycling process is
reached when nitrate is steadily increasing and ammonia is maintained at 1 mg/L after 25-40

days provided the temperature is kept at optimal (Figure 1).
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Figure 1: Nutrient cycling and microbial establishment.

3. Management practices of plants

Seedling can be transferred to grow beds immediately after the nitrate has been detected in
the system. Nutrient accumulation usually start building up on the 3-4 weeks. Once sufficient
nutrients have been accumulated in the system, plant growth rate increased by two to three

folds faster than in soil.



3.1. Establishing a plant nursery

Vegetables are the most important output for small-scale aquaponics production. Therefore,
it is recommended to establish vegetable nursery to ensure adequate supply of healthy
seedlings to be transplanted into the grow-beds. A nursery bed can be constructed using
polyethylene liner. Polystyrene trays are placed in the nursery bed and are filled with soil, inert

grow media such as rockwool, peat, coco fibre and vermiculite.
3.2. Direct seeding in media beds

Seed can be sown straight into the media bed. When using a bell siphon, seed may be washed
away. Therefore, when sowing seed in the bed, the siphon should be removed and replaced

when leave begin to grow.
3.3. Transplanting seedlings

Seedling roots must be gently washed before the seedling are transferred from nursery bed
to the grow-beds to remove and pathogens and soil particles. The washing process is stressful
to the seedlings. Therefore, it is preferable to grow seeds using inert media so that plants can
be transferred with minimal shock. Plants should not be transferred at dusk or before sunrise
as roots are sensitive to sunlight.

3.4. During planting

3.4.1. Plant selection — It is recommended to start a new aquaponics system with fast-
growing plants that have low nutrient demand. Leafy vegetables e.g. spinach with
low nutrient demand will be the best option to start with. Thereafter, fruiting
vegetables e.g. tomatoes with high nutrient demand can be planted 3 months after

running the system when adequate nutrients have accumulated.

3.4.2. Plant spacing — In aquaponics, seedlings can be planted using denser spacing
because plant are not competing for water and nutrients. Plants need space and
light for them to grow until they reach market size. For full grown plants shade-cloth

must be used on a sunny day to prevent plants from wilting.

3.4.3. Supplementing iron — New aquaponics systems normally experience iron
deficiency on the first 3 months for plant growth. Consequently, it is necessary to

add chelated iron (1-2mg/L) to meet the plant requirements.



3.5.

Harvesting plants

Leafy plants are normally ready to be harvested within the first two months and fruiting

vegetables are ready to be harvested within the first three months. Below is guideline for

growing plants after the initial three-month period.

3.5.1.

3.5.2.

3.6.

3.6.1.

3.6.2.

3.6.3.

3.6.4.

3.6.5.

Staggering plants and harvesting — It is recommended to keep different cohorts
plants to prevent harvesting the entire stock at once and decrease in nutrient
levels. Staggering plants does not only ensure continual harvest but also

continuous nutrient uptake as well as water filtration.

Harvesting approaches — Ensure that the entire roots of the plant are removed
when harvesting plants from all grow beds to prevent disease outbreak from
bacterial contamination. Store the harvest in clean containers and chill to maintain

freshness.

Managing plants in mature systems

Stabilizing pH — Stable pH levels are vital for plant growth and for the functioning
of bacteria in the system. The pH must be maintained between 6-7 for plants to
access nutrients available in the water. Low pH levels should be addressed by
adding base or buffer and for high pH, rainwater and soft acid should be used to

maintain optimum pH levels.

Plant nutrition — Balanced aquaponics systems are maintained by adequate
nutrient requirement from feed rate ratio. The feed rate ratio for leafy vegetables is

20 to 50 g per m2 daily and 50 to 80 g per m2 daily for fruiting vegetables.

Organic fertilizers — When plants are showing sign of nutrient deficiencies, it is
necessary to add supplemented nutrients. Compost and seaweed tea are the

recommended fertilizers.

Pest and diseases — The integrated production and pest management (IPPM)
technique e.g. crop rotation, must be employed to prevent pests. When pests are
persisting, they can be removed mechanically using aquaponics safe remedies.

The chemical used must not enter the water system to prevent fish mortalities.

Follow seasonal planting advice — It is recommended to adhere to local seasonal

planting advice for better growth rate and adaptation to environmental conditions.



4. Management practices for fish

It is recommended to add fish in a new system when it is safe to do so, that is, when ammonia
and nitrite are not detected in the system. If fish are stocked before running the system, a
reduced number of fish should be added to prevent stressing fish with water quality alterations.
Fish must be gradually acclimatized for at least a day to the new water and allow them to
adapt to water temperature and pH changes. Outsourced fingerlings should be monitored for
fish health or any signs of diseases.

4.1. Fish selection

Several fish species are suitable candidates of aquaponics system including tilapia, common
carp, silver carp, catfish and trout. Local regulations governing the culturing of different fish
species must be observed. Exotic fish species must not be released to the wild to prevent
genetic pollution.

4.2. Fish feeding and growth rates

Feed rate ratio is responsible for balancing the components of an aquaponics system, and to
determine planting area, fish feed, and fish biomass. The feed bust be devided into morning
and afternoon feed. The feeding rate varies according to the fish growth stage.

e Grow-out stage — fish of approximately 200 g are daily fed 1-2% of their body
weight provided a maximum stocking density of 10-20 kg per 1000 L is maintained.

e Fingerling (50 g) — are fed 3% of their body weight daily with maximum stocking
density of 2000 g.

e Fingerlings weighing between 80-90 g are fed 80-100 g of feed per day.

The feeding rate must be always be adjusted according to their body weight as the fish grow.
4.3. Fish health
Fish health is monitored by their behavior when feeding and appetite.

4.3.1. Signs of healthy fish include:
e Healthy fish swim normally
e Have good appetite
¢ No discoloration on the body

e Does not rub its body along the tank walls



4.3.2.

4.3.3.

Fish diseases — fish diseases are grouped into fungal, bacterial and parasites. All
these pathogens can easily enter an aquaculture system from the environment and
when adding new fish stock. All these pathogens are prevented by practicing strict
biosecurity measures. Daily fish observation and monitoring of diseases is
recommended. A salt bath of at least 30 minutes is an effective treatment for
bacterial and parasite infections. Salt bath should be conducted separate from the
system.

Harvesting and staggering fish stock - A constant biomass of fish in the tanks
ensures a constant supply of nutrients to the plants. To achieve constant biomass
in a system, a staggering stocking method is required. This can be achieved by
keeping three different cohorts of fish stock. This method avoid harvesting the
stock all at once.

5. Routine management practices

5.1.

5.2.

Daily activities:
e Check if water and air pumps are functioning, and clean their inlets from
obstructions.
e Check the water flow.
¢ Check the water level and add additional water to compensate for evaporation.
e Check for leaks.
e Check water temperature.
o Feed the fish (two times a day), remove uneaten feed and adjust feeding rates.
e At each feeding, check the behavior and appearance of the fish.
e Check the plants for pests. Manage them when necessary.
¢ Remove any dead fish and plant debris.

¢ Remove solids from the clarifier and rinse any filters.

Weekly activities:
o Perform water quality tests for pH, ammonia, nitrite and nitrate before feeding.
e Adjust the pH when necessary.
e Monitor plants for deficiencies. Add organic fertilizer when necessary.
o Clear fish waste from the bottom of fish tanks and in the biofilter.
e Plant and harvest the vegetables, as required.
e Harvest fish, if required.

e Check that plant roots are not obstructing any pipes or water flow.



5.3

Monthly activities

Stock new fish in the tanks when necessary.
Clean out the biofilter, clarifier and all the filters.
Clean the bottom of the fish tank using fishnets.

Weigh a sample of fish and check thoroughly for any disease.

6. Objectives fulfilled by the project

6.1. Women-friendly - Aquaponics can be easily used and it is affordable.

6.2. Resource use efficiency — Improved functioning of an aquaponics system is

achieved by a balance maintained by fish, plants and bacteria.

6.3. Pro-poor technology — aquaponics can yield income and products even

during unfavourable condition when greenhouses are used.



