


Cover photographs: 
Top: Illustration of a media bed aquaponic system, clearly showing the connection of the fish tank and 
plant growing area. Bottom left to right: a mixed culture of tilapia (Oreochromis niloticus) and catfish 
(Clarias fuscus) in a aquaponic system (courtesy Irene Nurzia Humburg); farmer lifting the polystyrene 
raft to show the roots of curly kale (Brassica oleracea) growing within a deep water culture aquaponic 
system (courtesy Hilla Noam); and a farmer harvesting tomatoes (Solanum lycopersicum) from an 
aquaponic system on a rooftop (courtesy Christopher Somerville).



Small-scale aquaponic  
food production 
Integrated fish and plant farming

Christopher Somerville
FAO Consultant
Ireland

Moti Cohen
FAO Consultant
Israel

Edoardo Pantanella
FAO Consultant
Italy

Austin Stankus
FAO Consultant
Italy

and

Alessandro Lovatelli
FAO Aquaculture Branch
Italy

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS
Rome, 2014

FAO
FISHERIES AND
AQUACULTURE

TECHNICAL
PAPER

589





iii

Preparation of this document

This technical paper showcases current wisdom in aquaponics, focusing on small-scale 
production. The publication is divided into nine chapters and nine appendixes, with 
each chapter dedicated to a specific facet of an aquaponic system. The target audience 
is agriculture extension agents, aquaculture officers, non-governmental organizations, 
community organizers, companies and individuals � worldwide. The intention is to 
bring a general understanding of aquaponics to people who previously may have only 
known about one aspect, i.e. aquaculture agents without experience in hydroponics, and 
vice versa. 

This publication does not provide a prescriptive approach to aquaponics; instead this 
is a resource paper and includes description and discussion of the major concepts needed 
for aquaponics. A broad range of parties may find interest in aquaponics, especially those 
whose programmatic focus incorporates at least one of the following topics: sustainable 
agriculture, resilient methods of domestic food production, or urban and peri-urban 
food security. Although not strictly necessary, some experience with vegetable and/or 
fish production would be advantageous for the reader. This publication is written in a 
style designed to be digestible by a non-technical reader. This technical paper includes 
diverse subjects from aquaculture to hydroponics, water chemistry to ecosystem balance 
and technical aspects of plumbing and construction; the challenge has been to provide a 
bridge towards common understanding of the broad field of aquaponics, using adequate 
technical details in substantial depth without allowing the publication to become 
unwieldy and unusable. 

This publication is the product of practical experience with small-scale and 
commercial aquaponic systems, and was developed to share the lessons and current 
knowledge learned so that fledgling farmers can benefit from these experiences.

This publication was prepared in recognition of multiple FAO strategic objectives, 
major areas of work and regional initiatives; small-scale aquaponic systems reinforce 
interventions of the regional water scarcity initiative, and support the major area of 
work regarding sustainable intensification of agriculture through the efficient use of 
resources. 
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Abstract

This technical paper begins by introducing the concept of aquaponics, including a brief 
history of its development and its place within the larger category of soil-less culture and 
modern agriculture. It discusses the main theoretical concepts of aquaponics, including 
the nitrogen cycle and the nitrification process, the role of bacteria, and the concept of 
balancing an aquaponic unit. It then moves on to cover important considerations of 
water quality parameters, water testing, and water sourcing for aquaponics, as well as 
methods and theories of unit design, including the three main methods of aquaponic 
systems: media beds, nutrient film technique, and deep water culture.

The publication discusses in detail the three groups of living organisms (bacteria, 
plants and fish) that make up the aquaponic ecosystem. It also presents management 
strategies and troubleshooting practices, as well as related topics, specifically highlighting 
local and sustainable sources of aquaponic inputs.

The publication also includes nine appendixes that present other key topics: ideal 
conditions for common plants grown in aquaponics; chemical and biological controls of 
common pests and diseases including a compatible planting guide; common fish diseases 
and related symptoms, causes and remedies; tools to calculate the ammonia produced and 
biofiltration media required for a certain fish stocking density and amount of fish feed 
added; production of homemade fish feed; guidelines and considerations for establishing 
aquaponic units; a cost�benefit analysis of a small-scale, media bed aquaponic unit; a 
comprehensive guide to building small-scale versions of each of the three aquaponic 
methods; and a brief summary of this publication designed as a supplemental handout 
for outreach, extension and education.

Somerville, C., Cohen, M., Pantanella, E., Stankus, A. & Lovatelli, A. 2014.
Small-scale aquaponic food production. Integrated fish and plant farming. 
FAO Fisheries and Aquaculture Technical Paper No.�589. Rome, FAO. 262 pp.
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1. Introduction to aquaponics

This chapter provides a full description of the 
concept of aquaponics, a technique for combining 
hydroponics and aquaculture in a system that 
cultivates plants in recirculated aquaculture 
water (Figures� 1.1 and 1.2). It provides brief 
accounts of the development and nature of soil-
less culture and general aquaculture. Aquaponics 
is then described, noting how these techniques 
are united, including additional considerations 
and a brief history of its development. An 
account of the major strengths and weaknesses 
of aquaponic food production is provided, as 
well as the places and contexts where aquaponics 
is most, and least, appropriate. Finally, there is a 
short description of the major applications of 
aquaponics seen today.

1.1 HYDROPONICS AND SOIL-LESS 
CULTURE
Soil-less culture is the method of growing 
agricultural crops without the use of soil. 
Instead of soil, various inert growing media, 
also called substrates, are used. These media 
provide plant support and moisture retention. 
Irrigation systems are integrated within these 
media, thereby introducing a nutrient solution 
to the plants� root zones. This solution provides 
all of the necessary nutrients for plant growth. 
The most common method of soil-less culture 
is hydroponics, which includes growing plants 
either on a substrate or in an aqueous medium 
with bare roots. There are many designs of 
hydroponic systems, each serving a different 
purpose, but all systems share these basic characteristics (Figure�1.3).

Soil-less agriculture has been used to reduce pests and soil-borne diseases affecting 
monoculture crops. Hydroponics can in fact control soil-borne pests and diseases 
by avoiding the contact between plants and soil, and because soil-less media can be 
sterilized and reused between crops. This reuse of substrates meets the particular 
demands of intensive production. Some substrates are far better than soil, particularly 
in terms of water-holding capacity and oxygen supply at the root zone. Farmers have 
also improved plant performance through increased control over several crucial factors 
of plant growth. Nutrient availability at plant roots is better manipulated, monitored 
and real-time controlled, leading to higher quantitative and qualitative productions. 
Moreover, most soil-less culture methods use a fraction of the water necessary for 
traditional soil-based production because the nutrient solution is recycled.

Soil-less agriculture is one aspect of the major scientific, economic and technological 
developments in the general field of agriculture over the last 200�years. In general, but 

FIGURE 1.1
Tilapia in an aquaponic fish tank

FIGURE 1.2
Plants grown using aquaponics
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predominately in developed nations in temperate climates, there has been an increasing 
demand for out-of-season, high-value crops. Partly, this is a result of widespread 
improvements in living standards. This increase in demand has led to the expansion of 
many types of protected cultivation systems to boost production capacity and prolong 
the supply of crops throughout the year. Within these protected systems, crops can 
be grown in soil. However, in order to stay competitive with open-field agriculture 
production, intensity has had to increase in order to offset the higher production costs 
associated with controlled environment agriculture. As a result, there has been a shift 
from soil production to soil-less culture to address the changing needs of agriculture. 
This approach provides alternatives to toxic soil sterilization to control pests and 
pathogens, and can help to overcome the soil-tiredness problems that monoculture 
practices have brought.

Beyond its significantly higher yields compared with traditional agriculture, 
soil-less agriculture is also important because of its higher water- and fertilizer-use 
efficiency, which makes hydroponics the most suitable farming technique in arid 
regions or wherever nutrient dispersal is an issue for both environmental and economic 
reasons. The offset of soil makes hydroponics an indispensable solution in areas where 
arable land is not available. Soil-less agriculture can instead be developed in arid lands, 
in saline-prone areas, as well as in urban and suburban environments or wherever 
the competition for land and water or unfavourable climatic conditions require the 
adoption of intensive production systems. The high productivity for the small space 
required makes soil-less agriculture an interesting method for food security or for the 
development of micro-scale farming with zero food miles.

To summarize, the four main reasons why soil-less culture is an expanding agricultural 
practice are: decreased presence of soil-borne diseases and pathogens because of sterile 
conditions; improved growing conditions that can be manipulated to meet optimal plant 
requirements leading to increased yields; increased water- and fertilizer-use efficiency; 
and the possibility to develop agriculture where suitable land is not available. In 
addition with the rising in demand for chemical- and pesticide-free produce and more 
sustainable agricultural practices, there has been extensive research into organic and soil-
less methods. Section�6.1 discusses these differences in more detail.

Aquaponics
Fig. 1.2 simple hydroponics unit

Air pump

Reservoir

Air Water pump

Hydroponic
solution

Fertilizer

FIGURE 1.3
Simple hydroponic unit
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has been developed from the beneficial buildup of nutrients occurring in RASs and, 
therefore, is the prime focus of this manual.

Aquaculture is an increasingly important source of global protein production. In fact, 
aquaculture accounts for almost one-half of the fish eaten in the world, with aquaculture 
production matching capture fisheries landings for the first time in 2012. Aquaculture 
has the potential to decrease the pressure on the world�s fisheries and to significantly 
reduce the footprint of less-sustainable terrestrial animal farming systems in supplying 
humans with animal protein. However, two aspects of aquaculture may be addressed 
to improve the sustainability of this agricultural technique. One major problem for 
the sustainability of aquaculture is the treatment of nutrient-rich wastewater, which 
is a by-product of all the aquaculture methods mentioned above. Depending on the 
environmental regulations set by each country, farmers must either treat or dispose 
of the effluent, which can be both expensive and environmentally harmful. Without 
treatment, the release of nutrient-rich water can lead to eutrophication and hypoxia in 
the watershed and localized coastal areas, as well as macroalgae overgrowth of coral 
reefs and other ecological and economical disturbances. Growing plants within the 
effluent stream is one method of preventing its release into the environment and of 
obtaining additional economic benefits from crops growing with costless by-products 
through irrigation, artificial wetlands, and other techniques. Another sustainability 
concern is that aquaculture relies heavily on fishmeal as the primary fish feed. From 
a conservation standpoint, this is discharging one debt by incurring another, and 
alternative feed ingredients are an important consideration for the future of aquaculture. 
The majority of this publication is dedicated to reusing aquaculture effluent as a value-
added product, while alternative fish feeds and their ways to contribute to reducing the 
aquaculture footprint are discussed in Section�9.1.2.

1.3 AQUAPONICS
Aquaponics is the integration of recirculating aquaculture and hydroponics in one 
production system. In an aquaponic unit, water from the fish tank cycles through filters, 
plant grow beds and then back to the fish (Figure 1.5). In the filters, the fish wastes is 
removed from the water, first using a mechanical filter that removes the solid waste 
and then through a biofilter that processes the dissolved wastes. The biofilter provides 
a location for bacteria to convert ammonia, which is toxic for fish, into nitrate, a more 
accessible nutrient for plants. This process is called nitrification. As the water (containing 
nitrate and other nutrients) travels through plant grow beds the plants uptake these 
nutrients, and finally the water returns to the fish tank purified. This process allows the 
fish, plants, and bacteria to thrive symbiotically and to work together to create a healthy 
growing environment for each other, provided that the system is properly balanced.

In aquaponics, the aquaculture effluent is diverted through plant beds and not released 
to the environment, while at the same time the nutrients for the plants are supplied 
from a sustainable, cost-effective and non-chemical source. This integration removes 
some of the unsustainable factors of running aquaculture and hydroponic systems 
independently. Beyond the benefits derived by this integration, aquaponics has shown 
that its plant and fish productions are comparable with hydroponics and recirculating 
aquaculture systems. Aquaponics can be more productive and economically feasible in 
certain situations, especially where land and water are limited. However, aquaponics 
is complicated and requires substantial start-up costs. The increased production must 
compensate for the higher investment costs needed to integrate the two systems. Before 
committing to a large or expensive system, a full business plan considering economic, 
environmental, social and logistical aspects should be conducted.

Although the production of fish and vegetables is the most visible output of aquaponic 
units, it is essential to understand that aquaponics is the management of a complete 
ecosystem that includes three major groups of organisms: fish, plants and bacteria.
















































































































































































































































































































































































































































































































































