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Executive Summary

The current and escalating extent of soil degradation, water scarcity and cliglated challenges
plaguing agricultural productivity irevery corner of the world and particularly in the most
underdeveloped and resourescarce regions demands for aegaluation of the way we produce the

foods that keep us alive and seems to beg for what could be referred to as another green revolution.

The need for the development of innovative, resource efficient and locally appropriate agricultural
solutions is immense and this need is greatest in densely populated, respoocenations with small
economies. Tropical island nations face increasing oatdtions by climate change and obstacles to
the sound stewardship of their natural resources and environment and trends in land use allocation
indicate the deteriorating status of agricultural activities as lucrative compared to industries such as
tourism, real estate and offhore financing. The end results are the massive rates of food importations
from distant locations, the decline of regional agricultural autonomy and a loss of connection between

consumers and the origin, nutritional value and safeftyheir food.

The small eastern Caribbean nation of Barbados faces many of these challenges, yet with a highly
educated workforce and a climate conducive to yeaund food production, it has the potential to

transform its agricultural industry by empliog new food production technologies that can be applied

2 GKS 20Kt O2yGSEG sKAES LEFOAY3I YAYAYEFE &l N

agriculturallyproductive soil resources.

Aquaponics is a concept relatively new to modern food productimthods and provides answers to
many of the abovementioned problems. The technology combines the two s@sthblished practices

of aquaculture and hydroponics to yield a method of food growing that greatly reduces the use of water
resources, demands noi$ at all, and produces high yields of fresh, nutritious crops in the form of

vegetables, fruits, herbs and fish.

Lljdzt LI2yAOa 2y | avyrtt aortsS Ory &ASNWBS Fa | Fl YA
and reliable food source that has tleapacity to provide a full meal (vegetables and protein) without

many inputs. The optimization of one such srsalle, backyard aquaponic food production system is

the subject of this report whereby an improved design is delivered in response to piastigerience
IJFAYSR RANAY3I Iy AYUGSNYyakKAL gAGK GKS . ANRQa ==Aff
20009.



This report details the improvements in the configuration and overall health of the backyard aquaponic
systems seen in Barbados tlugh the inclusion of an effective aeration system, a method of wigtez|
regulation, a different and more efficient system of water pumping/distribution, as well as measures for
the assurance of high system water quality and increased crop vyields. nip@rtance and
appropriateness of aquaponics as a solution in Barbados is explored along with the key parameters

required for a higkperformance aquaponic food production system.



1. Introduction
1.1 Food Security

Populatiors around the world face questions of food security todaya scaléhat hasnot beenseen in
recent human history The evolution of how we feed our populations and the technologiesuse to do

it have created aunique set of circumstances that bring withem unique challenges, and despite
significant advances in food production and our knowledge of food nutrition and food safety, hunger
continues to plaguemillions of people around the world. It is thought that over a billion people in the
world are currently undernourished(World Food Programme, 2010) Many factors contribute to
hunger and decreasing food security in the world today including conflict, poverty, poor agricultural

infrastructure and oveexploitation of the environment.

The concept of food security is defined by theod and Agriculture Organization of the United Nations

(FAO)n the following way:

oFood securitgxists when all people, at all times, have physical, social and economic access to sufficient,
safe and nutritious food which meets their dietary needs and food preferences for an active and healthy
life. Household food security is the application of tuiscept to the family level, with individuals within
K2dzaSK2fR&a Fa GKS T20dza 2F O2y OSNYy o¢

Key among the issgethat threaten food security arthe intensive resourceseeded for agricultural

activities Agriculture is by far the largest strainontheNb RQ& LINBOA2dza FTNBaKgl SN
FOO02dzyGAy3d FT2N 1x: 2F (KS (Pimenl Be@dr, FibelB,a&KNewtdnS NI O 2
2004)p {2YS LINBRAOUAZ2Y A KI @S KdzYly O2yatonflddsibgy 27F |
2025 (2003 International Year of Freshwater, 2003)ncreasing water scarcity has given rise to an

unprecedented water conservation movement, although consumption leeeetmin atall time highs.

I 3 NRA O ddepentdliBeQoit healthy soil presents another problem in food production, as current
estimates are that 38% of global agricultural land is degraded. Soil degradatiorchsatigeinduced

08 (KS Yyl GdzNIf RSONBIAS Ay dnKrdrmalp rasults @ reduged Wefdd A I £ F
due to lack of or insufficient nutrients or water availability. Improper land use and poor land
management have been singled out as the most important factors leading to soil degra¢@tien

World Bank, 2016} ¢2 FRR @t dzS 0 agridilirél trén@siéva BeenyiaaddA Sy



increasing amourg of fertilizer which, along withherbicides and pesticides, haontributed to

significant andlisquietingenvironmental problems

Access to food is another obstacle that families and countries face when considering fawmilysec
Often it is difficult or unfedble to grow food locallyand a global trendor manyhas beento obtain
food that has ben grown farfrom the point ofpurchase. Howevemany developing countries lack the
infrastructure such as roads or storage facilities to make this sceeffidotive andsustainable. In
addition, this situation makes millions of people vulnerable to marketteel supply problems

associated witldistant producers.

1.2 Small-Scale Agriculture

Modern agriculture has slowly evolved to fit a capitalist, industrial model where farming is done on large
scales by relatively few farmers. Mui@tional corporations now control such a large portion of the
food production process that the people thésed have become increasingly dependent and vulnerable
to their abilities and philosophies. Industrialization of any process theoretically is the most efficient use
of our resources, however thallocation of our food productionto a few powerful instittions has
resulted inthe development ofsignificantfood security and environmental problems. Decreasing
genetic diversity in our food production, genetically altered food, and the large energy requirements to
package, preserve, and transport food arstjsome of the issues brought on by the industrialization of

our food system.

Given the problem associated with intensive farm practicesd given the global scarcity soil and

water resources along withhe problems associated with undelevelopedregions where hunge

prevails, there has been a largeish toward more sustainable farming practices in an effort tedfe

more people with increasingfficiency while reducing our impact on the environment. Small scale

farming is an alternative to intensv F I NY Ay 3 & LG FOly2¢fSR3ISA | INR

resources.

Urban agriculture is defined as the practice of cultivating, processing, and distributing food, in or around
(periurban), a village, town or citfBaikey & Nasr, 2000) It is being recognized as one of the activities
that has the potential to contribute towardsociceconomic development in urban areas of the
developing world and &s the capacity to contribute talleviating food insecurity and povert Studies

show that urban agriculture contributes significantly to household income and gives families access to

inexpensive food, consequently reducipgverty (Hampwaye, Nel, & Ingombe, 2009)



Such an agricultural methots the subject of the design project that follows.  Aquaponics is the
combination of hydroponic and aquaculture systems, whereby fish tank water that has become nutrient
rich by the exretion of fish is circulated to a growing area where the nutrientseaabsorbed by plants

that are cultured hydroponically. At the same time the grow bed acts as a biofilter and cleans the water
so it can be recirculated back to the fish tank. The closed system uses a fraction of the water, no sail,
and produces two fod sources for consumption; the crops grown in the bed, and the fish reared in the
tank. Aquaponics is garnering growing attention around the world because of its efficient use of
resources. It provides a simple and practical solution to the food ibgdssues previously discussed

and has the potential to increase the health and stability of families by feeding them and helping them

become financially secure.

1.3 Objective of Project

In the Rll of 2009, Keith Connolly and Tatjana Trebic, the autlebrthis project, took part in the

Barbados Field Study Semester where they were partnere® witi KS . F ANRQ&a +Af | =
Association(BVAA) which had just received a United Nations Development Fund grant to develop a
community sized aquaponicsopeka2 Yy Ay G KS O2YYdzyAideée 27F . [KeihRQa =+ A
and Tatjana did promotional work with the organization amelped in the construction of several

systems, including one that théyused atMcGilll y A S NBR A (G & Q& . Sté énlwhidhheyw S a S NJ
conducted water quality tests. Tilapia were used in all these systems and in the McGill system okra and

basil were grown.

Mr. Hinkson, the founder ® G KS . I A NRQ& Asséciation,HA® been jwdzkingi2wtih O
aquaponics for sewdl f &SI NBR> o0dzi RARY QG KIFI @S | @SNE aO0ASyd
maximizing his outputs. Thus was born the objective of this project:

To design anmprovedaquaponics system and make management recommendations with the goal of

optimizing fish and plant biomass outputs.



2. Background

2.1 Agriculture in Barbados
2.1.1 Economy and Human Resources

The easternmost Caribbean island nation of Barbgdee Figure&9in Appendix A)s considered to be

the most developed of the Caribbean states, having one of the highest per capita incomes in the region.
Its political stability, relative proximity to North American markets and exceptional natural
beauty/biodiversity make it a desirable market for foreign investment. Foreign exchange includes
offshore financing and information services as well as significant trading with the United States, Canada
and other Caribbean states, with services making up 80% of nationaltexp@urism andhe light
industry make up 75% of the national GDP while agriculture contributes a mef€dstral Intelligence

Agency, 2010)

Barbados has economic strengths in that it shares the same time zone as thendasierd States and
Canadian financial centers, has English as its official language, making communications with Canada, the
United States and the United Kingdom seamless, and a has a highly educated workforce with a literacy

rate of 99.7%Central Intelligence Agency, 2010)

The small size of Barbados and other nations in the region does not allow for economies of scale,
however, regional cooperation through entities such as The Caribbean Community (CARICOM) allows for
the free movement of labour and capital, the coordination of agricultural, industrial and foreign policies
as well as access to a Common Market. Such collaboration among Caribbean states strives to improve
standards of living in its member countries, enhancérmational competitiveness and increase

productivity among other goals for the development and prosperity of the re@@#&RICOM, 20Q9)

2.1.2 Natural Resources

The densely populated island nationBérbados (627 people/kinhas limited resources required for a
prosperous agricultural industrgCentral Intelligence Agency, 2010his high population density and

seasonal influx of foreign touristsover 570,000 tourists stayed in Barbados i©2@&nd over 600,000

cruise ship passengers visited the country that same gdalf 1 OS&a aidNBaa 2y G(KS O2d:
resourceqTotally Barbados, 2010)

Barbados is known as the "15nost water scarce country in the wid and freshwater withdrawal per

capita is 333 rilyear (Central Intelligence Agency, 201Mternal Renewable Water Resources are on



the scale 0D.082 knilyear, groundwater from infiltrated rainfall supplies 0.074 ¥year, while surface

waters make up 5.8 million Hyear (FAO, 2000)Average daily water use by the agricultural sector

amounts to approximatelt0.4 ML/day (or 10, 400 rfiday) and an estimated 1026 ha are irrigated by

potable water(UN, 2004)This makes up ®di’z 2 F (G KS 02 dAFartNBetds, 20D2Tothl . O NP L.

renewable water resources amount to 0.1 k(Eentral Intelligence Agency, 2010)

The land surface of the island is composed mostly (~83%) of coralline limestone, while the remaining
17% is made up of shales, sands and qB@®©, 2000)The limestone that covers most of the nation is
highly porous andllows for very rapid infiltration of rainwater, meaning that its capacity to retain water

in the root zone is quite low Ministry of Agriculture and Rural Developmenithe northeastern region

of the island, called the Scatld District is made up of layers of shales, sands and clays. It is quite rugged
and is characterized by high overland runoff, frequent landslides and surface soil erosion prié€ims
2000)

The long history of intensive plantatiestyle monoculture production over the past 300 years in
Barbados has made extensive contributions to soil quality problems in Barbados. These include the
erosion of topsoil, a decrease in soil fertility, and the smguent application of large amounts of

fertilizer and pesticides in order to maintain productivifjomer, 1998)

2.1.3 Climate

Barbados has a tropical oceanic climate with little variation in temperatures due to the cealiterly
trade winds from the Atlantic Ocean. The rainy season lasts from June to December, but the island is
considered to be relatively arid in comparison to other Caribbean nati@#s0, 2000The country is

part of the huricane belt, however, the frequency of hurricanes hitting Barbados is extremely low.

Average temperatures during the day reach about°Z7 éee Figure 40n Appendix Afor data on
temperature, wind speed, humidity, rainfall, and other weather parametgpical to Barbados) and

range approximately from 20 to 3@.

In a typical yearan average rainfall of 760 mm along the coastal areas to 2000 mm in the
central parts of the island are common(Economic and Social Development Dépent (FAO), 2005%)

but rainfall amounts may be lower than 25 mm per month during the dry se@sa®, 2000)



On average throughout the year, Barbados receives 8 to 9 hours of sunshine easkal&yglre 40 in

AppendixA).
2.1.4 Terrain

The island of Barbados is mostly flat with a gentle upwards slope from the coast towards the inland
(Central Intelligence Agency, 201The predominant coralline limestone regions are divided into three
terraces rising towards the interior of the island with a peak elevation of 343 m above sefAX&EHS
Systems Caribbean Incgnd are lined with deep gullies running from high elevations at the Scotland

District to the coas(FAO, 2000)

2.1.5 Crop Production in Barbados

The colonial history of Barbados has left behind a reliance on monpptaptationstyle agriculture

which focuses on the production of a single cash crop in large amounts. The agricultural industry in
Barbados therefore still consists primarily of sugar cane cultivation and the sugar, rum and molasses
production industry.n the 2007/2008 growing season, 31.7 thousand tonnes of cane were harvested on

5.9 thousand hectares of lan{tiCA, 2009)Sugar, a cash crop, most of which is exported, is however on

the decline and its future as a signifidcan 8 SO 2NJ 2F GKS O2dzy iNEQa SO2y2VY¢&
soils, high cultivation costs, sporadic droughts and low global sugar (jF&€3 2008)The proportion

of land in the country that is arable is 37% (ab@@, 472 ha) while only 2.3% of the land is used to

grow permanent cropgFAO, 1999)

Other crops include cotton, root crops, corn, onions, other vegetables, bananas, plantains, figs, other

fruits, cutflowers and foliagéHomer, 1998)

Production of food crops in the country is quite low as Barbados imports around 80% of its food (IICA,
2009), including large amounts of fruits and vegetal{igdvodska & Dolly, 2009)Only 10% of the
labour force in Barbados is involved in agricultural activities as agriculture must compete with more
profitable industries and forms of land use such as the growing tourism aneestse sector(CIA

World Factbook, 2009).

The reliance omutside factors and world markets associated with such high levels of food importation
place the country in a position of dependency and hinders progress towardsusi@tiency in terms of
F22R LINPRdAzOGAZ2Yy ® . I NDbI R2 & Qs USHHI milziFhazig008) G NI RS RST



Future plans for the promotion of smatale farming by the Ministry of Agriculture and Rural
Development will encourage local production of food crops and small livestock, which will give
Bartadians increased food security and greater independence in the generation of their household
incomes(Zavodskéa & Dolly, 20Q9)

Traditionally, smalscale farming faces challenges regarding the necessity to incorporatanpigh
technologies into their production in order to be able to compete on the global markBtese
technologies involve high costs and significant initial investments that cannot be afforded by all rural
food producers and which increase production costd #merefore the cost of locally produced crops.

This makes small farmers uncompetitive against cheaper imported i2éavodska & Dolly, 20Q9)

There is a great local need for innovative agricultural solutions that can besdpplithe Barbadian
context and which ensure the feasible, small scale production of food by average Barbadian families. An
appropriate and accepted solution will therefore contribute to decreased dependency on foreign

imports which involve transportatioacross great distances and are generally highly unsustainable.

Aquaponics has the potential to lessen the challenges associated with small scale farming in Barbados
and generally in the Caribbean. The system requires minimal land and water resourcesy and
resources, which is desirable for highly populated and arid regions such as Barbados. Aquaponic systems
provide a source of protein as well as fresh fruits, vegetables or herbs. As meat on the island is relatively
expensive, protein in the form dfeshwater fish would provide a healthy alternative and reduce stress

on dwindling saltwater and freshwater fish supplies.

2.2 Food Production Methods

2.2.1 Aquaculture

Aquaculture is the cultivatiomnd rearing of aquatic plants and animals in a fully or ssnirolled
environment. Many species are produced around the world by means of aquacintludingboth
freshwater and saltwater fish, crustaceans, and molluscs, along with plants suclawesege The
origins of aquaculture date back thousands of years. There are different theories as to how the practice
came about but it is generally thought to have developed independently in several parts of the world,
usually by a lowying area of lad being flooded and stocked with fish during high tide or rainy season
and the surrounding human population implementing preliminary aquacultural practices to maintain the

fish in order to have a reliable food sour@¢erminio, D88)



Freshwater finfish, particularly Chinese and Indian carp species, account for the greatest share of total
aquaculture production, followed by molluscs. hsitigh low in production quantyt some of the minor
product groups, such as shrimp and marfish, have a disproportionate economic importance because

of their high unit value. The most harvested species in recent years have been the Pacific cupped oyster
and the silver carp. By 2006 aquaculture was provided nearly 50 peraam®1.7 millon tonnes-- of all

world fisheries productiofAquaculture resources, 2010)

The latter half of the 19 century saw the capty of commercial fishing increase at unprecedented

rates. The result was the plummeting of fslocks around the world forcing some fisheries, such as

the North Atlantic cod fishery, to beompletely shut downtorecover ¢ KS adF 43S 2F GKS g2
in dire circumstances, whereas demand and consumption for seafood is at an all time higltulfge

will be a powerful tool to reconcile this paradox. Current predictions are that aquaculture production

will need to reach 80 million tonnes by 2050 to keep pace with seafood consumgfigoaculture

resources, 2010)

Many different forms of aquaculture take place at varying levels of intensity and scale. In mariculture,
organisms are usually cultured in sheltered marine environments, whereas integratedtropitic
aquaculture combines multiple organisms in a tafttkerapting to use the waste from one, such as fish,

for the input of another, such as seaweed.

Many significant issues are present within the world of aquaculture. Decreasing genetic variation
associated with fish farming, competition between wild amdnied animals, propagation of diseases
2a20AFGSR 6AGK | ljdzl Odzf G dzZNBEQa KAIK aid201Ay3a RSyaa
In-shore aquaculture requires massive amounts of water exchange to keep water quality -&axion

levels. Findingises for the wastewater produced in aquaculture has proved to be a laborious and

cumbersome endeavour.

2.2.2 Hydroponics

The word hydroponics is taken frothe Greek word hydro meaning water, angonos meaning
labour. It is a method of growing plantsing a mineral nutrient solution in water, without soil. In
traditional agricultural methods soil is used as the medium whereby nutrients are dissolved in water,
which can then be taken up by the plant roots, although the soil itself is not necesHamytrients are
added to the water in which the plants are grown, then the soil medium is not needed. Although the

technique is thought to be a technologically advanced manner to grow plants, hydroponic methods, or



at least ones with their roots in hydponics, have been used for centuries and are quite simple to
employ. The hanging gardens of Babylon, the floating gardens of the Aztecs of Mexico and those of the

Chinese are all precursors to modern day hydroponic cultures.

For the purposes of ik paper the termhydroponics is applietb systems using growing media, in our
case coconut sk, as will be discussed later. Systems using some form of growing media that is not soil
INBE RS&AIAYyFGSR Fa aAYLX @& WwWa 2hodstasdyropdnizs imatbhds (s

a nutrient solution but hydroponics is generally thought ofaasubset of soilless culture sinttedoes

not employ media to support the root structure of the plants.

The ability to grow plants in areas where soil i2 nonducive for irground agriculture is the great
advantage of hydroponics. Also, it is much more efficient in its water use as water stays in the system
and can be reused, as opposed to it percolating through the soil and ultimately replenishing the
groundwater reserves. Having greater control over nutrient levels results in healthier crops, fertilizers
which often contribute to pollution are not used, pesticides are not needed to deal with pests, and

ultimately, much higher and more stable crop yehte achieved.

Hydroponic methods have been the subject of much research during the last century as more focus has
been put on our agricultural methods. As a resoiany advances have been made in the field and
current hydroponic methods take manyrfos. The types of systems possible will be further discussed
while outlining the hydroponic component of aguaponics systems, however as noted above, whether
the system uses a media or not is a primary distinctidifi there is no media employed in an agonic
system, the plantoots are exposed to the nutriersolution directly. Amonthese types of systems are

the nutrient film technique (NFT), flood and drain technique, deep water @iltachnique and raft

technique

2.2.3 Aquaponics

Aquaponicsystems combine the two forms of agricultural production mentioned above, recirculating
aquaculture and hydroponics. Aquaponics provides a solution to the main issues these two systems
face; the need for sustainable ways of filtering or disposing of mutrieh fish waste in aquaculture

and the need for nutrientich water to act as a fertilizer with all of the nutrients and minerals needed
for plants grown through hydroponiddNelson, 2008) Combining these two systems prdes an all

natural nutrient solution for plant growth while eliminating a waste product which is often disposed of

as wastewater.



In these systems, the fish grown in a freshwater tank secrete wastes through urine and through their
gills into their surrouding tank water. Over time, these waste compounds, which are toxic to the fish
accumulate and compromise fish health, but can be used as an organic fertilizer for (Nafgsn,

2008) This nutrientrich effluent is used to lilgate a connected hydroponic bed while fertilizing its plant
crops at the same time. The nutrients, largely in the form of ammonia are converted by denitrifying
bacteria in the hydroponic grow bed into forms readily uptaken by plants for energy and growth
Essentially, the hydroponic bed and its crops serve as a biofilter for the fish waste water before it is
returned, cleaned back into the fish tank. Thus, the waste of one biological system becomes nutrients
for another biological systerfDiver, 2006) SeeFigure Ifor a conceptual diagram of the nutrient/water

flows in a general aquaponic system.

Nutrient-rich fish
waste effluent

Clean, filtered water

Figurel: Conceptualdiagram of nutrient recycling iraquaponic systems (Adapted froifsuits, 2010)

Aquaponics allows for the growth of a full meal (protein from fish and fibre, nutrients and minerals from
vegetable, fruit, or herb production) in enclosedoop system, where the cultivation of two types of
crops (fish and plants) is accomplished using only one body of water and one infrastructure. Crops are
grown in a concentrated manner without compromising the health of the system and whilelygreat
reducing the required input of water resourc@delson, 2008and increasing the value gained from the

continuously cleaned and recycled wa{€onsidine, 2007)



Aquaponics is an extremely resoe-efficient and sustainable method of producing crops on any scale

(Suits, 20103hat imitates the planffish interactions found in a natural waterway. Seigures 2 and 3

for various sizes of aquaponic systems.

Figure2: A small system, built using recycldzhrrels Figure3: A commercialsized raft aquaponics
(Hughey, 2005) system(Rakocy, Masser, &osordo, 2006)

When the system is in balance, high production of fish and plant crops at high stocking densities can be
obtained without the use of chemical fertilizers, herbicides or pestici(idslson, 2008) A small
aguaponic system in the backyard of a Barbadian family could go a long way in providing exceptionally
fresh food daily and promoting local food production as well as supporting the local ecofivey,

2006) This type of baglard agriculture allows for the production of various plant crops in a small space

that can be used in the home kitchen or can be sold on the local market.

Aquaponic systems can provide food yeannd (even during the dry season) in arid regions where
water and soil resources may be scarce and can act as the key-gustdhance for communities living

in developing regions of the world and normally depending on world food ma¢kietghey, 2005) The

lack of a need for soiih these systems implies that they can be used in urban regions and in places with

poor soil qualityNelson, 2008)
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and sstainable food production systen®elson, 2008)Increasing health consciousness and world
demands for fish supplies requieesolution such as aquaponics which integrates two separate systems

which individually can meet thesneeds partially, but combined can provide an answer to the greater



picture with increased resoureefficiency and at a lower codfDiver, S., 2000)all while giving

individuals and families greater control over the qualigfety and origin of their food.

2.2.4 Comparison of Food Production Methods

Aquaponic food production is very versatile in that it can be used on a commercial scale or at the level of
home food production. It combines many of the advantages of othethods of food production (such

as aquaculture and hydroponics) with additional advantages unique to aquaponics.

In comparison to hydroponics, aquaponics also does not require soil for the abundantoyedr
growth of food and provides the elements miaés and nutrients as well as the structural support that
traditionally is provided by soil. Both systems also allow for high crop densities and the conservation of
water. No water is lost in these systems to soil outside of the root zones or to weeds pdpalate soil

systems. Additionally, the risk of sbibrne disease is not prese(itielson, 2008)

The large amounts of time and resources that hydroponic growers spend mixing the perfect fertilizer
solution from manufactureeér mined compounds in order to meet all of the nutritional requirements of

the plants are reduced simply and significantly in aquapofitison, 2008) Aquaponics does not
require the addition of synthetic, chemical fertdizas the fish waste from the rearing tank provides
adequate amounts of the essential ammonia, nitrate, nitrite, phosphorus, potassium and micronutrients
as well as some secondary nutrients for the healthy growth of hydroponic plBiter, 2006) The use

of synthetic herbicides and pesticides is also unnecessary and would greatly compromise the health of
the fish who are highly sensitive to water quality. Aquaponics is therefore essentially an organic form of
hydroponics (Nelson, 2008whose only fertility input is fish feed containing about 32% protein.
Aquaponics also provides an entirely separate crop in addition to plant ¢rbesfish(Spade, 2009)

In compaison to aguaculture, an aguaponic system can house fish at a high stocking density provided
that the water is regularly filtered and aeration is regularly performed along with the monitoring of all
water quality parameters relevant to the health of thestfi Both systems can be housed nearly
anywhere due to the small amount of space they require and can therefore provide fresh fish to a

community on a regular basis.

Recirculating aquaculture, however has been criticized for its high rate of failure dsgih stocking of
fish leaves little room for error in terms of water quality and therefore of fish health. Water in these

systems must be mechanically or biologically filtered with extreme care and all parameters must be



carefully maintained. A large \wte stream of fish waste is also produced in aquaculture and it needs to
be disposed of somehow. Additional water inputs are needed to ensure water quality. An aguaponic
system provides solids removal and biofiltration of the fish waste effluent as weltlditional cleaning

by the assimilation of nutrients into plant biomass. The waste stream from aquaculture is eliminated

and an additional type of crop (plants) is obtain@delson, 2008) In terms of resource efficiency,

aguaponic systems use 1% of the water required in pond aquaculture to raise the same vyield of tilapia

fish ¢ a species commonly used in recirculating aquaponic systBiusr, 2006)

Aquaponics combines the advantages of bothdroponics and aquaculture, while eliminating the

disadvantages of both systems. It also reduces operating costs in comparison to either of these methods

alone. A comparison of the above mentioned systems along with comparison to organic farming is

summarked in Tabld below.

Tablel:/ 2 YLI NRA&2Z2Y

Nelson, 2008).
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Presumed as a healthier method of growi
food than commercial farming and thus hi
become popularized.

Uses organic wastes as fertilizer.

Uses natural pest control.

Tends to produce better tasting and at tim
more nutritional crops.

High volumes of food are produced in a sir
space.

Has potential for yearound production if
controlled.

High biomass of fish produced in a smr
space.

All of the advantages of the other methot
andadditionally:

Reuse of fish waste as nutrients for plants.
CAaK R2y Qi OF NNEcoliarfd:
Salmonellafound in warmblooded animals.
Imitates a natural cycle and is the mc
sustainable of the four methods.

Consistent fish biomass in tHesh tanks lets
plant growth thrive.

2F F22R

Requires more land tha
conventional farming.

Often higher costs tagrow and
certify crops.

Agribusiness is quickly replacil
smallscale organic operations.

Highly dependent on costl
manufactured/mined fertilizers.

High rate of failure due to sma
margin for error.

Large waste stream produced.
Operator must have knowledg
of both fish and plani
production.

Major fluctuations in fish stock
in the tank can disrupt plan
growth.
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3. Aquaponic Systems
3.1 System Designs

There exist several system designs for recirculating aquaponics systemsdedigas are based on
hydroponicsystems, the difference being that the water source for the aquaponics system come from

the fish tank and is eventually returned to its sourcenfin.

3.1.1 Media Filled Systems

The hydroponic component is first distinguished by whether it employs a media or not. Thisdseco
very important in aguaponisystems because the presenceaghedia that plant roots are grown in can
possibly eliminte the need for a separate settling tank and biofilter. Sludge and solid from the fish tank
get caught in the media and are processed by badtedemmunities that develop in the media, thereby
acting as a biofilter and eliminating the need to remove #odidsin a separate systemlf the system
does not employ a media and plant roots are exposed directly to the widten a settling tank and
biofilter are necessary to return the water quality to sufficient levels in which fish car(Riakocy,
Masser, & Losordo, 2006)
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3.1.2 Flood and Drain (also known as Ebb and Flow)

In flood and drain systems, plant roots are exposedatstatic nutrient solution for hours at a time
before the solution is drained away, which could happen sevérsd a day. The technique che

used regardless of whether a media is used in the systnd plant roots could either be completely
submerged, or partially submerged, leaving a portion exposed to the atmosphere. Flood and drain

systems are noted for their simplicity, reliability and ufgndliness.



Water

Figure5: Different stages of a flood and drain syste(iiypes of Hydroponics Systems: Dave's Hydroponics
Experiment, 2010)

3.1.3 Nutrient Film Technique (NFT)

Nutrient film technique consists of the plant roots being exposed to a thin layer of nutrient water than

runs through most often a PVC pipe.  The idea is that the shallow flow of waterealyesthe
bottom of the thick layer of roots that develgjin the troughwhile thetop of the root masss exposed
to the air, therebyreceiving an adequate oxygen supply. Channgleslength, and flow rate mustl|
be calculatedto make sure the plants receivaufficient water, oxygen, and nutrients. If proper
constructed NFT can sustawery high plant densities. In aquapoNET systemshe biofilter becomes

crucialas there is no large surface area wherdaygteria communities can devel@pNelson, 2008)

Figure6: A pipe NFT system Figure7: A trough NFT system
(What is Aquaponics: The Fish Farm, 2010) (About Hydroponics: Get up and Grow, 2007)



3.1.4Floating Raft System

Another system that has great potential for commercial use is the floating raft system. In this system
plants are grown on floating Styrofoam rafts. The rafts have small holes cut in them where plants are
placed into net pots. Te roots hang free in the water where nutrient uptake occurs. A major
difference between the raft systems arkde NFT and media based systems is the amount of water used.
The water level beneath the rafts is anywhere from 10 to 20 inches deep angksisliathe volume of

water is approximately four times greater than other systems. This higher volume of water results in
lower nutrient concentrations and as a result higher feeding rate ratios are used. Bacteria form on the
bottom surface of the raftbut generally, a separate biofilter is needed. Also, the plant roots are

exposed to some harmful organisms that reside in the water, which can affect plant growth.

Floating Raft

Figure8: Schematic diagram of the floating raft system
(Growing Arrangements: Sara's Aquaponic Adventure, 2008)

Figure9: A larger floating raft system
(Hydroponic Photo Gallery: The Torch Work Shop)



3.2 Fish

3.2.1 Fish Selection

The type of fish used in an aguaponic system depends on the climate which will surround the aquaponic
system and therefore the temperature the grower is able to maintain, the kinds of fish that the local
fisheries department has specified as le@Ghere are sometimes restrictions on the cultivation of fish
that are not native to the region), the type of fish desirable for consumption by consumers and the type

of fish feed available to the grow@Kelson, 2008)

There are a number of freshwater fighboth warmwater and coldwater specieg that can be adapted

for cultivation in recirculating aquaculture systems. These inclilggia, trout, perch, Arctic chdDiver,

2006) blue gil, largemouth bass, channel catfish, koi carp, goldfish, barramundi, murray cod, jade perch
(Nelson, 2008)crappies, rainbow trout, pacu, common carp and Asian sea (Raksocy, Masser, &
Losordo, 2006) Others beyond this list include waswater fish that are hardy and can adapt to
commercial fish feed and high levels of crowdifelson, 2008)including some ornamental fish
(Rakocy, Masser, &okordo, 2006) The hybrid striped bass is one species that reportedly does not
perform well in aquaponic systems as it cannot tolerate high potassium lexwetommon supplement

used for plant growti{Rakocy, Masser, & Losord2006)

Most commercial systems, however, culture tilapia. Tilapia is a tropical fish originating from the Near
East and AfricdNelson, 2008hat can be well adapted to recirculating tank aquaculture and is
exceptiondly resilient against fluctuations in dissolved oxygen levels, temperature, pH and dissolved

solids(Diver, 2006) Figure 1(elow shows a typical tilapia species used in aquaculture.

FigurelO: Red Tilapia fish at harvegMy Mom-Friday, 2009)



The temperature range that tilapia enjoy also correlates to ideal temperatures for the growth of
aquaponic plants. Tilapia are the fastest growing of the species usaguapanic systemgNelson,
2008) and due to their resilience, their use and therefore the literature available on their cultural
procedures is much more developed and thorou@hiver, 2006) The whie-fleshed meat of tilapia is
popular due to its desirable culinary properties of taste and texture. Virtually unknown in the US in the
MbdnQaz GAf"Tndit tonsuried seafand prdduit incthe country and its popularity continues
to grow (Nelson, 2008)

A member of the cichlid family, tilapia is the most widely cultured fish in tropical and subtropical areas
of the world and has also been introduced to Japan, India and throughout Asia, Russia, Europe and also
the AmericagNelson,2008)

3.2.2 Culturing Conditions for Tilapia

Although very dependable and resilient to changing conditions, tilafile all other fish specieshave

certain conditions at which they grow best.

3.2.2.1 Water Quality

Good water quality must be matained at all times in a recirculating fish tank to maintain optimal
growth corditions and health of the fish. Regular water quality testing is essential and can be
performed using &ter quality testing kits obtained from aquacultural supply companié® most
critical water quality parameters to monitor are dissolved oxygen concentrations, temperature, pH, and
nitrogen from ammonia, nitrate and nitrite. Nitrogen in the form of nitrate and nitrite usually does not
present a water quality problem in aquapic fish tanks as nitrite is quite quickly converted to nitrate
and nitrate itself is only seriously toxic to fish at very high levels-48@0mg/L). The biofiltration
mechanism in aguaponic systems also removes nitrates quite well and can keep tie@ntation at

much lower levels than thi@elLong, Losordo, & Rakocy, 2009hus the most important water quality
parameters to design and make practice recommendations for are temperature, dissolved oxygen and
ammonia. Othe important parameters include salinity, phosphate, chlorine and carbon dioxide. Other
factors that influence the quality of fish tank water include the stocking density of the fish, their growth
rate, the rate at which they are fed, the volume of watertihe system and environmental conditions
(Diver, 2006) The ideal values for tilapia water quality parameter requirements critical for the design of

aguaponic systems (which are explained below) are summariZeahile 2



Tabk 2: Summary of ideal water quality conditions faan
aquaponic fish tank

Parameter Optimal Range for Fish
Tank in Aquaponic
Systems

DO 6.0-7.0 mg/L

Temperature 22.2-23.3°C

pH 6.5-7

NGs- <150 mg/L

Ammonia NH; <0.04 mg/L

NH," | <1.0 mg/L

3.2.2.1.1 Dissolved Oxygen (DO)

Optimal DO concentrations needed for fish growth and health and tolerance limits for survival have
been established These values can be used as guidelines in monitoring and in designing for
improvements in the oxygen levels available to fish before they reach a critically low level. Fish will
display signs of struggle under dangerously low DO concentrations. Thesesisaltigcing, gulping air

and crowding towards areas where the water source spills into the tank and where DO levels are
temporarily higher(Post, 1983) Such low levels of oxygen should never be reached in aquaponic

systems and an aeration system should be put in place to ensure optimal DO concentrations.

Tilapia can survive acute exposures to DO levels as low as 0.5 mg/L, but they prefer a rab@engf/13
(Nelson, 2008)with ideal growth occurring at levels higher than 5.0 m@kLong, Losordo, & Rakocy,
2009) For aquaponic systems in general, a DO level of 80% saturatibom(glL) is odmal (Nelson,
2008)

3.2.2.1.2 Temperature

Different tilapia species havdifferent temperature rangesequired for optimal growth. None of the
species can survive under 1@ (Nelson, 2008)They do well in a range of -B2 °C depending on the
speciegNelson, 2008)but ideal growth occurs at 26°Cand higherDelLong, Losordo, & Rakocy, 2009)

In aquaponics, tilapia are usuallyigad between 22.2 and 23°€ in order that the needs of the fish, the
nitrifying bacteria and the aquaponic plants are met, as plants perform better at slightly lower

temperatures(Nelson, 2008)



These slightly lower temperates also allow for a higher dissolved oxygen content, as the solubility of
oxygen in water decreases with increasing tempera{ideLong, Losordo, & Rakocy, 2009)

Rapid changes in fish tank water temperature may cause themaaa in fish and will lead to possible
disruptions of the cardiovascular and nervous systems, the reduction of their enzymatic activities, the

permanent impairment of bodily functions or in degfhost, 1983)

3.2.2.1.3pH

Most fish grow best aa pH of 7.58.0. Tilapia can tolerate a large pH range (from 5 to 10), with ideal
functioning occurring between pH 6 and 9. In a recirculating aquaculture system that involves filtration
through a biofilter (such as a hydroponiogdiafilled grow bed) the pH of the fish tank water must
agree with the pH suitable for the survival of the nitrifying bacteria growing in the biofiRégintsin
aguaponic systems do best at pH-6.6 and the nitrifying bacteria perform best at pH86.0. Thus, a
degree of compromise must be made to satisfy all three systems. Often in aquaponic sysienes a

pH of 6.5 to 7 is maintaine@elson, 2008)

Excessively high or low pH values result in stresses and damagh tekin and gills, the inability to
absorb oxygen, and the rupturing of capillaries on fins and skin among other negative side(Efbstts
1983) It is important to note that the pH of the tank water also affects the sbtybof other
substances in the fish environment and some of these (e.g. ammonia) are toxic to fish. At very high or
very low values of pH, the toxicity of some of these substances to fish increases greatly, but at a neutral

pH of 7, the less toxic fornuf these compounds dominat@®roste, 1996)

In aguaponic systems, since the process of nitrification by the bacteria in the biofilter is an acid
producing process, base needs to be periodically added at some point in tleensiysbrder to maintain

a pH of 7. Potassium hydroxidé@H) and calcium hydroxide (Ca(QHdje often used for this purpose.
Adding bases of K and Ca also supplements these essential nutrients that may otherwise be insufficient

in fish waste effluen{fRakocy, Masser, & Losordo, 2006)

3.2.2.1.4 Ammonia

Ammonia is a product of the fish waste and can be highly toxic to fish when it accumulates in their
culture water The unionized form of ammonia (A)Hs highly toxic to fislnd other aquatic life, while

the ammonium ion (NF) is much less s@DelLong, Losordo, & Rakocy, 2008) the aquaponic system



pH of 7, the majority of ammonia nitrogen is in the ammonium ion form. High pH values inchease t
proportion of ammonia nitrogen that is in the toxic unionized ammonia fDmoste, 1996)

Regular exposure tblH; concentrations exceeding 1 mg/L will lead to gill disease and fish will begin to
die at levels as low as Om2g/L, with other functions ceasing to operate at even lower valiRpma &
Masser, 1999)Thus, one should strive for a concentration of;lét is as close to zero as possible in
aquaculture systemqGraber & Junge, 2009) Tilapia can maintain their health at an ammonia
concentration range of 0.00.04 mg/L(Nelson, 2008)Concentrations of the ionized form of ammonia

should be maintained below 1 mg/L NKGraber & Junge, 2009)

3.2.2.1.5 Water Quality in BVAA Systems

Water quality experiments on the fish tank water in the aquaponic systems of the BVAA in Barbados
were performed between November T6and December '8 2009. The periments included tests of

the following parameters: temperature, pH, salinity, nitrate, ammonia, phosphate and dissolved oxygen.
The only parameter which was problematic and showed consistent values out of the acceptable range
for tilapia cultivation wa dissolved oxygen concentration. SEable 1land Figures 41 to 46n

Appendix Bor the results of these water quality tests.

3.2.2.2 Feed

Tilapia fish are largely omnivores and respond well to commercial fish feed. Their diets need to be well
balanced in terms of amino acids, proteins, fats, vitamins, minerals and carbohydrates. Expertly
formulated feeds that provide all of these componerfty tilapia are quite common. In natural
environments, wild tilapia may feed on algae (low in protein) and small animals such as worms (high in
protein)and smaikcale aquaponic growers may choose to feed their fish with a mixture of these
materials, hovever optimum tilapia growth will be obtained by the use of commercial feed pellets. Fish
in culture require less food than wild fish as they need less energy to survive and obtain food, thus the
controlled use of fish feed pellets gives the grower completetrol of the nutrient inputs into the

aquaponic systenfRiche & Garling, 2003)

In recirculating aquaculture, feeding rates for tilapia will vary with fish size. Food to be given is
measured as a percentage of the averagelyoweight of the fish in the tanldlso, & the average fish
weight increases, the percent body weight fed to the fish decreases. The daily feed ratio should
therefore be adjusted to account for fish growtlhable 3gives an example of this type of feeding

schedule.



Table3: Example of daily feeding allowances for different sizes of tilapia.
(Source: National Research Council (1993) Nutrient Requirements of Fish.
National Academy Press, Waisigton, D.C.)

Size of fish (grams)  Amount of daily feed (% of fish weight)

0-1 30-10
1-5 10-6
5-20 6—4
20-100 4-3
larger than 100 315

In aquaponic systems, tilapia fish grow best when fed three times daily ad libitum (the amount of food
that they will eat in 30 minutes)Rakocy, Bailey, Shultz, & Thoman, 2004)ere the feed is composed

of 32% protein(Spade, 2009)Determining amounts of fish feed per tank per day over the growing
period of the tilapia based on average fish weight is considered ancoveplication by aquaponics
experts. Instead, empirical valsidhave been established for the amount of daily fish feed per area of
hydroponic grow bed. This allows for the calculation of the number of fish the system can grow and
consequently the volume of water needed to stock the fish. Overfeeding fish will iesuieaten food

(will compromise water quality), lower feed efficiency, reduced health of fish and increasedRadte

& Garling, 2003)

3.3 Plant Crops

3.3.1 Nutritional Requirements

All plants may have dérent nutritional requirementsfor instance leafy green vegetable require more
nitrates than fruiting plants.However all plants in aquapongystems need 16 essential nutrients for
maximum growth. These come in the form of macronutrients, which in additiaarbon, hydrogen,

and oxygen, which are supplied by water, carbon dioxide, and atmospheric air, include nitrogen (N),
potassium (K), calcium (Ca), magnesium (Mg), phosphorous (P), and sulphur (S). There are seven
micronutrientsnecessary as well antiéy are blorine (Cl), iron (Fe), magnesium (Mn), boron (B), zinc
(Zn), copper (Cu), and molybdenum (Mo). These nutrients have to be balanced, as an excess of one
may interfere with the uptake of another, as is the case when potassifiettsthe bioavalability of
magnesium or calciuniron concentrations in aguaponic wastewater ansufficient for plant growth

and thereforeiron has to be supplemented to a concentration of 2 mgRakocy, Masser, & Losordo,

2006)



3.3.2 Crop Selection

Many types of plants can grow successfully in aquaponic systems. The Crop Diversification Center in
Brooks, Alberta has reported growing over 60 different foodpsrin their aquaponics trialdNelson,
2008) Originally it was thought that only leafy green vegetable andleeops could be grown, buit

hassincebeen proven that a wide variety of fruiting crops, beans, and flowers can be grown effectively.

Although many crps can be grown in an aquapomsigstem, some are more suitable than others. When
choosing a crop to cultivaj¢he groweQd 206 2SO0 A @S tdiadccdu fiRt addSoreindsty §y Ay
the objective of the venture is to turn a profit, as it is with commercial scale systems, thes ttraip

have a high market value and short harvesting time will be more appropriate. These include herbs such
as basil, chives, cilantro, and parsley whose harvest times are between 25 and 4Rakgysy, Masser,

& Losordo, 2006) Lettuce is the most grown crop in aquaponics due to both its short harvesting time

(3-4 weeks) and high demand in western djdiecause a large portion ofsifinal mass is harvestable

and edible it is a very lucrative crop. Another reason theseropsdo well is because the lack of a

fruiting stage keeps nutrient requirements consistent, resulting in a more reliable harvest. Other leafy

green vegetable fothis nature are Swiss chard, Pako; Chinese cabbage, collard and watercress,

which in aldition to the aforementioned advantages, also experience less pest problems than fruiting

plants(Rakocy J. E., 1989).

igurell: Vibrantly colouredleafy vegetables and extensive root systems in aquaponic systems
(Somma, 2008and (Wilson, 2010)
While fruiting crops of all kinds asaiccessfullgrown in aquaponic systemshey are mostly cultivated

by hobbyists growing for consumption by researchers. Because these plants have longer harvesting


http://upload.wikimedia.org/wikipedia/commons/5/50/Aquaponics_with_Vibrantly_Colored_Plants.jpg

times, they are better suited to growth iareas that have longer growing season such as the tropics
where growing can be caed out all yearlong. Melons, tomatoes, okra, peppers and corn are all

popular fiuiting crops crown in aquapongystemgNelson, 2008)

3.4 Bacteria

Autotrophic bacteria that convert fish waste into nutrients for plant ake are crucial and without
them, an aquaponic system will not function. Appropriate environmental conditions must be
maintained to ensure the abundant growth of microbial populations in the biofilter. Nitrifying bacteria
growing on the large surface tie biofilter media and in association with the plant roots will perform
all of the necessary nutrient conversions for the feeding of plants and for the filtration of fish tank
effluent. The grow bed media in medfdled aguaponic systems functions afliadized bed bioreactor

it removes dissolved solids and houses nitrifying bacteria involved in the conversion of nuiiams
2006) through a process known as the nitrogen cydiggure 12shows a conceptual diagram of the
nitrogen cycle as it pertains to aquaponic food production.

Plant harvest
Y, _4: R 3

Fish food

Figurel2: The nitrogen cycle in aquaponic syster(steve, 2007)

Fish tank effluent will contain total amma (NH; and NH") excreted through fish urine and gills and
formed from the decomposition of organic solids such as fish waste and uneaten food. Nitrifying
bacteria, particularlyNitrosomonas spconvert the toxic ammonia, using it as an energy souraattge

(NQ)) - another compound toxic to fishby using oxygen in an oxidation process. The nitrite is then



quickly oxidized by another type of nitrifying bacteria, nanidityobacter spto form nitrate (NQ), the
preferred form of nitrogen for plantiptake (Losordo, Masser, & Rakocy, 1998)

When fish are initially introduced into an aquaponic system, the ammonia levels in the water increase
for the first week or so, after which they begin to decrease while nitrite lengds Oncewo weeks to

20 days have passethe nitrite levels will fall as welvhile nitrate levels increase. At four weeks or
between 20 and 30 days, the nitrogen compounds will relatively stabilize in concentrdtignre 13

below shows a graphicegpresentation of the action of nitrifying bacteria in the nitrogen cycle.

Ammonia

Nitrite

Nitrate

....... Nirosomonas sp.
— = Nitrobacter sp.

Relative amount (not to scale)

Fish enter One week Two weeks Three weeks Four Weeks
system

Figurel3: A not-to-scale graphical representation of the nitrogen cycle resulting from the addition of fish to an
aquaponic fish tankKNelson, 2008)

An active microbial population should be established in the biofilter before fish are added to the system.
When fish are already present in the aquaponic fish tankstoeking with new fish should never be

done at peak levels of ammonia or nitrifidelson, 2008)

Nitrifying bacteria need oxygen for their metabolic processes, therefore the biofilter media that they are
housed in needs to be porous and well aerated. They also require a certain pH range. This is from pH 7
to 8 (Nelson, 2008)where the performance of the microbes in oxidizing unwanted compounds begins
to decrease below a pH of 6.8. The optimal conversion of toxic to non toxic compounds occuf€at 25

(Nelson, 208)



The microbial populations found in aquaponic systems are virtually never pathogenic. The pathogens
that are carried by warablooded animals and which have recently created numerous upsets in the food
industry due to contamination in foogrocessing and packaging plants are not present in fish or fish
waste (Nelson, 2008p Fram the perspective of food safety in aquaponic systems, there seems to be
much less likelihood of contamination of vegetable and other agpgqunic crops, and fish, with
pathogenic bacteria of domestic animal origin, and with microscopic parasites s@yclaspora spf

human origin, andCryptosporidium spof domestic animal origin, in aguaponic systems, especially in
indoor systems, compad with the potential of such contamination in the traditional field methods of
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4. The Design

The design process varies greatly from and is highly dependent on the nature of the project and how it
came about, the person or people who encounter the need to design something and the situation they
find themselves in.  Despite this varying naturé&amework for the design process can be put forth

that encompasses some key elements commonly encountered.

Problem Identification:
On a global scajehe problem that this project addresses is food security, as stated previously. On a
much smaller sca] the problem that was being addressed by the project was the inefficiency and

unscientific approach that was encountered while being exposed to aguaponics in Barbados.

Analysis and Research:

Upon returning from Barbadoghe aquaponics systems that wae now somewhat familiar, were
analysed with renewed scrutiny. It was evident that the system could be improved and there were
suspicions towards what might achieve tinsprovement Some research, both formal and informal

had already been conducted, bto accomplish the objective of optimizing the system, a significantly
more detailed literature reviewas conducted. Parametessich as the feeding rate ratio, fish stocking
densities, system aeration, and the sizing of the system along with the hiagyes fish and vegetables

were explored, and several experts were consulted, including Dr. James Rakocy, who is considered the
worldQ foremost expert in theoptimization of food production from aquaponigystems and who
teaches at the University of the Virgin Islands, as asskveral professors in the McQilhiversityPlant

Science Department.



Specification:

Satisfied that sufficient research was done, key parameters, such as the onesatisoiesmusly, were
identified within the scope of the projected design. Decisions were made in regards to the qualitative

and quantitative nature of these parameters, which will be discussed in subsequent sections.
Presentation:

The present report is the dit of months of labour, whereby all the ideas, decision, and work are being

manifested in a final design.
4.1 System Stocking Density

4.1.1 Growing Area

The growing area is the starting point for a system design because othemeters are based on ¢h
area ovewhich plants can be grown. A growing area of Bwas chosen for the design arbitrarily, with
dimensions of 2 m in width by 3 m in length. It was chosen becauseastthought to be an

appropriatelysized area fofamilies to maintain in a b&gard.

4.1.2 Basil, Okra and Coconut Husk

Basil and okra were chosen as the crops in the systems design. They were chosen arbitrarily simply
because it was known that they were appropriate for tropical climates and there was a large amount of
available iterature from previous aquaponics and hydroponics studi€saconut husk was chosen due

to its availability and previous use in the systems in Barbados.

4.1.2.1 Okra

Okra is an annual tropical vegetable which is cultivated in the Southern United States, the Caribbean and
Africa. The fruitgpicture in Figure 14 belowgre harvested when immature and eaten as a vegetable.
The plant does not grow ioool areas or high tifludes, but itis extremely heat and drght resistant

and is thereforegrown in many countries with difficult growing conditions (Sionit, 1981). Okra plants
can grown to be over 4 feet tall or can be topped and grown shorter and wider. The plantrease su
between temperatures of 20¢ 30°C and pH levels of between 6.5 and 7.5. Palatability of the fruit
decreags if the plant is left to grovio maturity, which takes about 90 day&ardening: About.com,

2010)



Figurel4: Harvested okra podéPesto: Salt and Pepper Blog)

4.1.2.2 Basil

Basil is one of the most popular herbs in the spice cabinets of North and South America as well as the
Caribbean. It is sold freshit (Figure 15y YR RNA SR Ay 020K adzLISNXI NJ Siéa
different cultivars are known, but the most commercial cultivar belongs to the sp€cibasilicumBasil

is not just used for culinary needs; it can also be used as an ornanhembgland the extracts are used

in traditional medicines and essential oils. The range of average temperatures that basil can survive in is

between 20¢ 24 °C andhe preferred pH rangés 5.5 to7.0(Gardening: About.com, 2010)

Figurel5: Freshlycut basil leavegOkra Varieties: Diet, Desert and Dogs Blog)

4.1.2.3 Coconut Husk

Thissystem is one that is media basedogposed to a raft or NFT systemhich usenothing to support
the root structure of the plants. The grow media can be thought of as a directigtaliceplacement

for soil.



The system design uses coconut husk as media. The choice of coconut husk is somewhat unorthodox as
most media systemstilize sand, gravel, perlite, or expanded clay pebbles. Coconut husk is used
because iis a readily available and cheap material that can be found all over the Caribbean. It also is

easier to manipulate as it is much lighter than its alternatives.

TN, y
Figure 16: Coconut husk fibre¢Block, 2009) Figurel7: Coconut husk chip@_oren, 2010)

In reality, because the coconut husk is organic in origin, as it degrades it will contribute nutritionally to

the system. This allows for abundant microbial communities to exist in the grown bed, which is also
acting as a biofilter. Husk comes in thenfioof chipped pieces, which vary in size, and fibrous stands.

The variation of the media sizes and forms, along with its gradual degradation, results in a variation of
GKS YFGSNRIf Qa L3 NER A Athendedia quité ¢asily Mowewer @S theandrigl N2 dz3 K
degrades, some anaerobic zones may form. Aerating the grow bed helps with this aspect, however
because the solid waste from the fish tank is transferred to the media, as it and the husk degrade, the

sysem will gradually clog anithe media willneed to be replaced every few years.

4.1.3 Component Ratios

The feed conversion ratio, feed rate ratio, and critical standing crop amgependent parameters,
meaning that bey arelinked, and altering one, will necessitate changethe other two. Ths design
usesvalues for these parameters based on research done by Dr. James Rakocy at the University of the
Virgin Island andwhich arewidely used around the world in aquaponic systemsfeeding rate ratio of

25 g/nt per day, a conversion ratio (FGR 1.7, and a critical standing crop6ff kg/n? are used.

4.1.4 Feed Rate Ratio and Annual Fish Feed Mass.

A feed rate ratio of 25 g/fngrow bed areger day is used. The UVI system uses the analagdiosof
100 g/nt per dayfor a floating raftsystem, which has fo times the amount of water Using this feed

rate ratio, we are able to calculate the annual amount of fish feed used in the system:


















































































































