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Aquaponics: A boon for income generation in water
deficient areas of India like Rajasthan
Pawan Kumar Sharma, Dr. J Stephan Sampath Kumar and Dr. S Anand
Abstract
Rajasthan is the largest state of India where both water quality and quantity are variable and the soil
quality is also not very favorable in some areas for the fish culture. India being a tropical country with the
second largest population in the world, it needs to ensure the nutritious diet for people. As a support for
people, the country has started many programs and NMPS (National Mission for Protein Supplements) is
one of these. This mission combines Hydroponics and Re-circulatory aquaculture system and in such a
way that nutrient requirements for both the system is fulfilled, viz., the nutrient-rich fish waste from
aquaculture unit acts as a nutrient media for the plant, at the same time the plants clear the water of
obnoxious elements that may be toxic to fishes. Vegetable yield in hydroponic and aquaponic systems
can be twice the yield from the conventional horticulture systems. Economics of hydroponic systems has
been assessed by several authors and presently is estimated to be a mere 960 Rs/m2 for a grow bed of 34
m2 system in Asia. Wherever the production site is far away from the business site the aquaponics is a
suitable solution to produce the vegetables and fish simultaneously on site.
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1. Introduction
The Indian government under National Mission for Protein Supplements (NMPS) scheme is
enhancing the supply of protein rich diet to the people. However, increasing human population
has crept into agriculture land for want of residential area, creating large scale problems for
agriculture produce, not only in India but also in the entire world. It is thought that over a
billion people in the world are currently undernourished (World Food Programme, 2010). In
this situation, it is the need of the hour to focus on alternate techniques of farming which can
ensure better production in lesser area and lesser time. In this context, aquaponics is one of the
best techniques. This technique has been successfully implemented where the water
availability is limited and soil quality is not up to mark for agriculture. Further, this techniques
is useful for both rural as well as urban areas because in this technique there is no need of the
soil and extra land. It is convenient to implement this system in indoor as well as outdoor
terraces.
Moreover, the management of aquaponics is simple and easy, as both the systems,
hydroponics and re-circulatory aquaculture balance each other. Thus, the water quality is
maintained by the hydroponic system and nutritional requirements are fulfilled by the
excretory material released by the fishes. It is a revolutionary technique for growing plants,
where the aquaculture effluent is deliberately diverted through plant beds in a sustainable
closed system. It is illustrated in a survey report led by Love et al., [1] that aquaponics has been
getting growing concern since 2010, which reinforces its increasing impact for society as an
innovative response for food security.
Rajasthan is the largest state of India where water quality and quantity both are variable and
the soil quality is also not much favorable in some areas for the fish culture. The soil is sandy
in the western part of state hence cannot be used for fish farming. Therefore, in such areas
aquaponics can be adopted as an innovative practice for fish farming and enhancing
productivity of the region in the form of fish protein.
2. Aquaponic systems
An aquaponic system combines the two different systems
1. Re-circulating aquaculture system
2. Hydroponics system
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2.1 Recirculating aquaculture system
It is very important component of aquaponics as it ensures
continuous water supply in the culture system and also
maintains the quality of water by mechanical and biofiltration processes. This Recirculating Aquaculture System
(RAS) minimizes the use of water and it is approximately
10% compared to intensive pond aquaculture system.
2.1.1 Important steps in water treatment in RAS system
Removal of solid waste like uneaten fish feed, fish
residues or other large size materials through mechanical
filtration.

Nitrification – in this step toxic ammonia is converted
into nontoxic nitrate with the help of aerobic bacteria.
Two different types of bacteria are involved in this
process.

Nitrosomonas – it converts ammonia into nitrite.

Nitrobactor - it converts nitrite into nitrate; which is nontoxic and essential for planktonic growth.

De-nitrification: excess amount of nitrate is converted
into nitrogen by the anaerobic bacteria and released in to
the atmosphere.
2.2 Hydroponic system
There are three main types of hydroponic plant growing
systems that are suitable as the plant growing component in
aquaponic systems (Resh, 2013) [2]. These three main
techniques used for hydroponics system are briefly explained
below:
2.2.1 Nutrient film technique (NFT)
In this system we use a pipe in which the holes are drilled on
the upper side and a continuous water flow is provided with
good amounts of nutrients. Simultaneously, we ensure the
proper aeration in the flowing water so that the nutrients will
be absorbed in good amount by the plants.
2.2.2 Floating raft method
In this system we use a grow tank of polystyrene rafts with a
20 to 30 cm depth. This tank is filled by the nutrient rich
water and aeration is ensured by the aerators for better
nutrient uptake by the plants.
2.2.3 Media based systems
In this system for growing the plants some media are used
like gravel, clay balls, small stones, vermiculite etc. These
beds may be “trickle fed” nutrient solution, or subject to
periodic flooding and draining (“ebb and flow”) to maximize
exposure to both air and nutrients. This media acts as
mechanical filter or biofilter or both.
Nutrients are typically supplied from three stock tanks using
an automated dosing system to maintain nutrients at optimal
concentrations for the plants. Nutrients can be managed
within closed or open (flow-through) systems. Flow-through
systems make the management of nutrients easier but raise
concerns over water use and pollution. (Tesi R., 2002) [3].
3. Working of Aquaponics system
It combines hydroponics and re-circulatory aquaculture
system both and this is suitable for both as the nutrients
requirements is fulfilled by the disposing of nutrient-rich fish
waste from aquaculture unit thus there is no need for nutrient
media. This fish waste provides an all-natural nutrient
solution for plant growth and this nutrient-rich effluent is used

to irrigate a connected hydroponic bed while fertilizing its
plant crops at the same time. The filtration of water is done by
the hydroponic unit as the plants absorb the nutrients and
filter the water through the sand filter so this media based
hydroponic system serves as an aerobic biofilter that is
generally used in RAS, converting ammonia to nitrate. The
ammonia is converted by denitrifying bacteria in the
hydroponic grow bed into forms readily up taken by plants for
energy and growth. Essentially, the hydroponic bed and its
crops serve as a bio-filter for the fish waste water before it is
cleaned and returned back into the fish tank. Thus, the
anaerobic (de-nitrification) filter used in RAS is largely
replaced with a hydroponic plant production system. Out of
total nitrogen input used into the system as feed, up to 30%
may be captured as fish flesh, and 40% or more may captured
as plant biomass. The balance is lost as nitrogen gas or as
solids, which may be used as fertilizer in a garden (Fox, et al.,
2013) [4]. Higher levels of nutrient capture may be possible
with additional separate biofiltration. Furthermore, the
complex mix of nitrifying bacteria, rhizobacteria, fungi, and
micro plankton in the recirculated water appears to benefit the
plants due to both positive interactions at root level, and the
higher resilience of the system against some plant pathogens
(Savidov, 2005) [5].
To utilize the nutrients more in amount from the waste water
effluent of aquaculture unit, the aquaponic unit should be
dominated by the hydroponics system. To improve the water
flow and minimize the dead areas it is better to have circular
tanks for fish rearing. In such a system Nile Tilapia
(Oreochromis niloticus) can be stocked at up to 60-70 kg/m3
stocked at up to 60-70 kg/m3.
4. Components of aquaponics
 Fish tank
 Settling tank or clarifier
 Physical filter (which may also serve as an anaerobic,
denitrifying filter)
 Aerobic bio-filter
 Degassing unit
 Grow-beds or tanks
 Blower/aerator/diffuser Pump
5. Suitable fish and plant speciesForAquaponics System
5.1 Plant species
Generally, leafy vegetables and herb like lettuce are
preferable for culture in an aquaponic system. Fruits, due to
their long production cycle the fruits are not suitable for this
culture technique. The recommended plants species are –

Lettuce

Basil

Coriander

Spring onion

Fruit vegetables such as tomato, cucumber

Beets

Okra

Blueberries, etc.
5.2 Fish species

Oreochromis niloticus (Nile Tilapia)
It is the most preferable fish for tropical and sub tropical areas
because this fish can survive in high stocking densities, lower
oxygen level (0.2 ppm), high ammonia or nitrogen
concentration (>90 ppm @ pH 6.0), it can tolerate low pH
level (< 5.0) and it can easily breed in tanks.
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Clarias gariepinus (Cat fish)
It can also tolerate the low oxygen, high density and high
nutrient concentration.





Cyprinus carpio (common carp)
It can tolerate the low temperature and high stocking density.

Other common desirable fishes are

Asian Barramundi (Lates calcarifer)

Mullet (Mugil cephalus)

Perch (Perca flavescens)

Largemouth bass (Micropterus salmoides)

Bester sturgeon (Thunnus alalunga)

Grass carp (Ctenopharyngodon idella)

Ornamental fishes.





6. Potential of Aquaponics Production System(Fish and
Vegetable)
The vegetables are produced around double in hydroponic and
aquaponic systems as compared to more conventional
horticulture system. The stocking densities for Tilapia are
suggested typically in the range of 20-40 kg/m3 (Aidapproach-aquaponics-Pacific-report-2013).
Yields
of
cucumber may be 7kg/m2/crop. In an efficiently run tropical
or sub-tropical system we might therefore anticipate 20-40 kg
of leafy vegetable production per m2 per year. (McMurty et
al.) [8]. Based on substantial experience Resh (2004)
[6]
suggests typical production rates of lettuce at 2.3kg/m2 per
crop, which might translate to 23kg/m2/year for locations
where year round production is possible. The annual
production may reach double the levels, if fish is harvested
and restocked on a quarterly basis. For tropical/sub-tropical
systems, the yield range may be 30-70kg/m3/yr. The total
production from fish and vegetable has been reported to vary
between 3 to 160 kg/m2/yr, but with the majority of values
between 30 and 80 kg/m2/yr. Aquaponics is an innovative,
sustainable food production system integrating aquaculture
with hydroponic vegetal crops (Graber & Junge-Berberovic,
2009) [9].
7. Investment requirements
It depends upon the size of culture unit, but the researchers
developed a “model” commercial system, with grow bed area
of 1,142m2, with a cost of roughly 11400 Rs/m2. Economics
of hydroponic systems has been assessed by several authors
and presently is estimated to be a mere 960 Rs/m2 for a grow
bed of 34 m2 system in Asia. This illustrates possibility for a
small scale enterprise.
8. Opportunities for development
There is a great opportunity to develop aquaponics for areas
with less availability of water and poor quality soil like
Rajasthan. This technique will be useful for the low level
farmers and entrepreneur’s also as it uses a small space and
provide two crops in one time. Due to cooperative
management by hydroponics and recirculatory aquaculture
systems it minimize the maintenance cost as well as input
costs, viz., fertilizer and pesticides. Further, we can use this
technique in these respects.
8.1 Small or medium scale Retailors
The small scale entrepreneurs can prepare a unit at their shop
site it will be beneficial for their business.

Can increase the price for their organic and fresh
products

Can provide fresh vegetables and fresh fish to the
costumers as they can see live their product growing in
culture units.
It can be implanted in urban and rural areas so can be
used by the restaurant and resort owners.
Basically in the water deficit areas it will be great
opportunity for the small scale producers and
entrepreneurs.
It will be attractive for the buyers so it will also work as a
business promotional activity.

8.2 Household production
It may be useful for the households for daily use purpose and
sometimes for the hobbyist. They may start a small
aquaponics unit in their garden or in backyard of the house in
water deficit areas. The main constraint may be here energy
cost but it may be substituted by using a solar panels. If
properly managed an aquaponic system can generate a good
income for small households.
8.3 Education and social development in small institutions.
The government of Rajasthan can make it the part of
education. They can make a unit of aquaponics in the school
and colleges and can make this mandatory for the students.
This project will also contribute to the NMPS mission as it
will provide a nutritious protein diet. The technology should
be disseminated through KVKs and all training centers under
skill development programmes. If the students, farmers and
entrepreneurs learn from these units and utilize this
technology at their level than the food security problem of the
nation will be minimized. This technique is also useful for the
prison wardens to motivate and educate the prisoners.
Similarly, it is also useful for the military and police training
schools.
9. Promotional activities
As this system combines two different systems viz.,
hydroponics and re-circulatory aquaculture system, for the
proper set up and proper education of framers, government
should recommend the horticulturist and aquaculturist both at
every KVKs to organize training and demonstration of these
units. The farmers’ entrepreneurs and students may be trained
there and during training, practical part should be given more
emphasis than theory.
10. Conclusion
Aquaponics is a very much useful technology wherever, water
is deficit and soil quality is poor with the strong demand for
leafy vegetables and modest quantities of fish at a relatively
high price. When the production site is far away from the
business site then aquaponics is a suitable solution to produce
the vegetables and fish simultaneously on site. If the
vegetables and fish supply is seasonal in any market
aquaponics could sustain continuous supply. Solar power can
be used to reduce the power costs. As it is a skilled venture so
before starting this unit proper knowledge of the unit
operation is essential.
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