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Thank You Note

"= McGill

Bellairs Research Institute

McGill University Tel: (246422 2034
Holetown, St James Fax: (246322 0692
Barbados

Dear Damian Hinkson,

We would like to extend to you our warm thanks for welcoming our participation into this innovative
and notable prgect of yours. The project has been very educational and rewarding for all of us and we
know that it will successfully achieve its important goals.

We thank you for acting both as our mentor, providing your technical expertise and influence on all
matters and as a friend who helped enhance and ameliorate our experience in Barbados. Through the
internship specifically, we were able to take part in many things that not everyone visiting Barbados has
the opportunity to enjoy. Our relationship helped improvestimternship and ensured that we achieved

the highest levels of success.

We are grateful for the opportunity to have helped you in any way we could and look forward to hearing
of the successes of the BVAA in the near future. We hope that we were ahletherfthe aims and
benefit the BVAA. We will all surely be back to visit Barbados at some point in the future and look
forward to seeing the progress and accomplishments of the project.

Sincerely,
Margot Bishop Simone Bourke
Keith Connolly Tatjana Trebic
Susan Mahon Dr. Inteaz Alli
Internship Ceordinator Program Director
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Executive Summary

FLwsQ{ *L[[!'D9 !v]!'thbL/ twhw9/¢
Prepared by
Margot Bishop
Simone Bourke
Keith Connolly
Tatjana Trebic
For:
Ms. Susan Mahon, Internship Coordinator
Professor Inteaz Alli, Program Director
Bellairs Research Institute, McGill University
And
FANRQA Aff13S BVAAZ LIR2YAO | 3a20A1GA2Y

G¢KS LINR2SO0G 2dzif Ay Sde oflagudporits g Balrbadodvadd/tie expansiin Knd

RSOSt2LIYSyid 2F (GKS . FANRQa AffF3S 1ljdzd LI2YyAO ! aaz

Aquaponic systems, community or individual sized, provide a viable option for Barbadians
seeking © grow their own vegetables and ensure adequate nutrient consumpfitwe. closed circuit
system produces both vegetables and protein and reduces dependencies on other variables such as land,
water and fertilizers¢ KS . F ANRQ& +Af f I 3BVAA)ljhagldedtyyed &n abuamd 2 OA | G A
system that has proven to beffective in the tropical climate of Barbadadsis productive and has low
maintenance costs. Additionally, thessociatbon has designed a simple system that easiy
implemented and sustaindé forthe average Barbadian home.

The primary goal of our internship has been to assist our mentor, Damian Hinkson and the BVAA,
G2 FTdZNIKSNJ RS@OSt2L) GKS FfGSNYFGS | INKOdzZ dz2NB YSGK
Village AquaponicB{AA) in becoming the leading retail and production aguaponics company in the

country.
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The bulk of our research of Aquaponics came from scientific journals and other literature
published on the subject. Because the agricultural method is relatively ridwnat as much research
as other processes, we emphasized the results from other existing systems such as the facility at the
University of the Virgin Islands. Additionally, much of our knowledge came from our mentor, our own
tests, research and experiess.

2SS [aaAraiGSR Ay (GKS O2yaidNdHzOGA2zy 2F 3IANRBg o0SRaA
also participated in agricultural fairs to increase publicity about the BVAA and disseminate information
about aquaponics itself. Materials to further the brhof the BVAA were developed as well as publicity

deliverables to increase exposure, such as: pamphlets, posters, business cards and newsletters.

We implemented a system at Bellairs Research Institute in order to conduct a controlled
experiment testing ad monitoring the water quality, the plant and fish output and any challenges that
might occur in the system. Our aquaponic system contained tilapia in the fish tank and basil and okra in
the crop bed. Water quality was testedWeekly, fish growth was nmitored by several weigins and
the total plant biomass was calculated to find the total grow bed output. Additionally, a nutrient balance
was calculated to ensure water was maintained at a safe level Our findings and outputs from this project

include:

1 The need to implement an aeration system in the fish tank to remedy the shortage of
dissolved oxygen in the water

1 To enhance fish growth, the fish feeding frequency must be increased.

1 The crop bed must be maintained parallel and level to the ground to erkate
equitable nutrient distribution occurs ensuring a relatively uniform plant growth.

9 To significantly lower production costs, crop bed can be made from the same material

as the fish tank, a PVC cylindrical bed.
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The information compiled in this resyitovides an understanding of the role played by the BFSS
2009 Aguaponics internship group in assisting the BVAA in further developing their brand and publicity
as well as providing technical and scientific recommendations in order to maximize their siestem.
It will be a valuable source of information and deliverables for the BVAA in their continual development

into a successful aquaponic system and organic produce retailer.
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Introduction

Aquaponics is the combination of aquaculture, the raisingfigii in synthetic tanks, and
hydroponics, the growing of plants without a soil medium. The plants are grown in grow beds above the
soil, which reduces the surface area required to grow vegetable crops. Toxic waste products from fish
are removed by treatig the water. This allows the recirculating system to raise large quantities of fish in
relatively small volumes. (Rakocy et al, 2006) Plants have the potential to grow very quickly when they
use the dissolved nutrients from fish excretions, and from th&ients generated from the microbial
breakdown of fish wastes. Fish excrete waste nitrogen through their gills, in the form of ammonia,
directly into the water. The bacteria in the water and in the growing medium will then convert ammonia
to nitrite and then to nitrate. Nitrate is relatively harmless to fish, while ammonia and nitrite are toxic;
therefore nitrate is the preferred form of nitrogen for growing higher plants such as fruiting vegetables.

(Rakocy et al, 2006)

There are several benefits to thevoer of a backyard aguaponics system. Firstly, the waste
produced by the fish is recovered by the plant instead of being expelled to the environment. Water
exchange is minimized since the growing medium and plants act as biofilters, cleaning and rehening
clean water to the fish tank. The surface area of the grow bed provides the area for bacterial growth,
and is related to the treatment capacity of the system. (Graber A. et al, 2008) The treatment capacity
has a unit of mass removal per unit time. Sadly, highvalue vegetable crops, such as tomato, lettuce,
cucumber and sweet basil, have cultured in hydroponic media. It is more desirable to grow high priced

produce such as herbs to get the best profit per unit area of hydroponic bed. (Ghaly A,R20&dal

Fish species is an important consideration when setting up an aquaponics system. Trout, perch
Arctic char, tilapia and bass are just a few of the warm and cold water fish suitable for recirculating

aquaculture systems. However, most commercialegmpnic systems in North America are based on
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tilapia. (Diver, 2006) For our experiment, tilapia was chosen since they are a highly adaptable to
fluctuations in temperature, pH and nutrient concentrations in the water. Many crops can be grown in
an aquapoit system, but for the experiment being conducted this semester, okra and basil were the
two crops selected to study. This is due to the ease of growth and relatively short growth period. Since

the experiment was conducted over only two months, rapid gtowts needed for best results.

AEA "AEOAB8O 6EI T ACA ' NOAPITEA 1| OO1T AEAOET 1
The.  ANRQ& +Af I 35S (BVAAKS hibyihudity brgadizatdn thati wag fgunded

on March 2%, 2009 by our mentor, Mr. Damian Hinkson. It is a cooperation of farmerhen

O2YYdzyAle 2F . IFANRQA +AffF3aAS>E Ay GKS LINRAK 27F ({

absence of an aquaponics industry in Barbados. Besides Damian, its members include: Robert Saul,

Wendy Hinkson, AndyBrathwaite , CharlesParis Cleveand Hinkson, Carmelia Hinkson and Conan

Straker.

The BVAA is the only organization developing aquaponics in Barbados and was the recipient of a
notable grant from the Global Environment Facility, of United Nations Development Pnograamd
their Small Gants Programme this past year. Their initial project proposal was to develop a community
project which would produce a complete organic meal and then eventually develop the concept into a

business venture selling both organic produce and aquaponic systems

The BVAA has fostered a relationship with the k#tererican Institute for Cooperation on

Agriculture (IICA) in order to achieve their current and future aims.
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Goals and Objective

Project Goal: To optimize the mechanical, biological and ®mcdoonical processes of
aguaponics, and to promote public awareness and knowledge of aquaponics in Barbados.

h@SN) GKS O2dzNBS 2F 2dzNJ GKNBS Y2y iGK AYOGSNYakaLl
(BVAA), we look forward to assisting our mentor with hioirative project which we hope will become
an integral part in enhancing the livelihood of the average Barbadian. In order to attain our overlying
2Lt YR 2LIGAYAT S 2dzNJ O2y iNRodziA2y (2 GKS . +£!11 Q&
certain ®t of objectives and a corresponding methodology was defined. We achieved our project goal

by concentrating on theollowing four main objectives:

1 GSYySNIGAy3 ok NBySaa 27F | ljdzd L3y foflEn resyuRe firk § . + 1

aguaponics.

1 Assbting our mentor in developing the infrastructure and logistical capabilityexpand his

business plan
9 Providingtechnical expertise to maximize the efficiency of the system.

f Conductingwater quality assessment of the circulating fish tank water to &#u 5F YAl Yy Q&

product nmeets all standards for the cultivatiaf fish.

"AEOABO 6EI T ACA U&oOADI 1 EZ



Background

Barbados is the I5most water scarce country in the world where the freshwater withdrawal
per capita is 333 fyr. Its economy is heavily dependent on sugar, rum and ssaa production
throughout the 28" century. The gradual introduction of social and political reforms in the 1940s and
1950s led to the complete independence from the UK in 1966. In the 1990s, tourisms and manufacturing

surpassed the sugar industry in econic importance. (CIA World Factbook, 2009)

Barbados is one of the most densely populated countries on earth with an average 627
people/knt. Barbados has an area of 430kof which 37.21% is arable land and only 2.33% is allocated
to permanent crops. Thasland is situated in a tropical climate where the rainy season commences in
June and finishes in October. The terrain is relatively flat with a slight increase in elevation from the

coast to inland. (CIA World Factbook, 2009)

Economic Context

The tourisml y ASNIAOSAa AYyRddzZGOGNRSA 1 O002dzyi F2NJ (KNB:
LISNOSYy G 0O02YS& FNRBY | ANAKROdzZ Gdz2NBd ¢Sy LISNOSyd 27F
activities. Growth in the country has rebounded since 2003 by meérisceeases in construction
projects, housing and tourism revenues. (CIA World Factbook, 2009) The addition and increase of small
A0IES FIENNAYI AYAGAFGAQ@®SE A& adzNB (2 AYyONBlasS (K
production system whee food grown is mixed crops as well as small livestock. These small scale farms
are quite abundant in the developing world since small scale operations are more practical. They do,
however, tend to experience varying levels of efficiencies given localitcmms and constraints. New

technologies are often needed for the producer to meet the demands and competition in a market

"AEOABO 6EI T ACA LRoADPT 1 EZ



economy. This can sometimes be challenging since the small scale farm is usually run by a family in

which labour and capital are isss that need to be overcome. (Zavodska, 2009)

Aquaponics has the potential to aid and soften the challenges posed by small scale farming in
the Caribbean. The system does metjuire soil and uses minimal land. A household system can be set
upinafami 8 Qa o0k Ol &8 NR® Qi @Aay3a ASAGIAES (Y82 &2 NR2I12&RS & SIO
decreases its dependence on market food, of which some is imported produce. Consuming the fish
0SAYy3a NIA&AaSR Ay GKS GFyl &2dzZ e rhafkdt for ishSNEebBr theS | F I
island is quite expensive and most Barbadians diets have high percentages of protein in the form of fish.
Owners of small scale farms develop a certain amount of independence and allow them to have food
security, a main mblem in the developing world. In developing nations, food security and poverty are

intimately connected(Zavodska, 2009)

Tilapia
The reasonsvhy wechosetilapia as the fish to raise ithe tank are simple. Tilapia is a tropical

fish that prefers to live in waters between 28 and 3C

degrees Celsius. They are highly adaptable to var
temperatures, pH and dissolved oxygen. For the prog
performanceand growth oftilapia, dissolved oxygen
should be in the range of-8 mg/l. According to

N -

Winfree (1981) rapid growth is desired for raisin

tilapia and this can only be achieved by feeding the fFigure1: Tilapifish
intensively. For the purposes of a backyard aguaponics system, emphasis is not placed on how fast the

fish are growing. Thgrowth rate of the fish is largelyependent on how many fish are being cultivated
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and how often the consumer esithe fish. For aquaponics as a hobby, the growth of the fish needs only
to be monitored by sight. If the fish are to be sold commercially, more emphasis is placed on how much

food is given to the fish and how fast the fish are growing. (Winfree R.A. 1981)

In terms of the fish feed we are using, tilapia are known to grow well even with low cost fish
feed. The feed used in our experiment is a low cost feed high in profigie optinum amount of feed
to be given is equal to the amount of feed fish eat in 15 minutes. Thén&igh responded well to this
feed and it is consistently consumed witHiB minutes of giving it to them. The protein content is very
important when choosing a fisfeed. The growth rate of fish increases with increased protein in the fish
feed. The feed we are using contains 32% protein. Therefore one third of their diet is protein which can

go straight towards increasing the biomass of the fish.

Tilapia has beeraised for aquaculture for over 50 years now. The dietary requirements for this
species has unfortunately not been extensively studied as ofBpetess energy may produce fatty fish,
reduce feed consumption and inhibit proper utilization of other feedstult is therefore important to
not feed to fish too much either. Damian Hinkson, our mentor, likes to feed his fish just enough to keep
them satisfied, but no more. He likes to keep his fish slightly hungry so they will consume all the feed

given to themand grow into full, lean fish.

"AEOABO 6EITACA LNOADI 1 EZ



Okra

studied or documented. However, this plant was chosen to be gro
in the aquaponics grow bed because of its relatively short grO\F'g”rez: OkraPlant

period and suitabity to varying temperatures and climate. (Sionit, 1981)

Basil

belongs to the specie®. basilicum Basil is not just used fo :
culinary needs; it can also be used as an ornamental herb, and)
extracts are used in traditiohanedicines and essentialls. Herbs,
such as basil, are of high value in the marketplace and using ttf S
herbs in the aquaponics system can maximize the profit per a'Fre31 Basil Plant

of grow bed.
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Literature Review

dUpdate on Tilapia and Vegetable Production in the UVI Aquaponic SyStenBagkocy et al.

A commercial scale aquaponics system was developed at the University of the Virgin Islands in
St. Croix.  No major changes in the system have been implemented since 2000, and in 2002 and 2003,
trials were conducted to evaluate the prodign of basil and okra. Batch and staggered production of
basil in the aquaponic system was compared to field production of basil using staggered production
technique. There were four harvests of the basil in batch production with an average yiedokgft#.
Initially there were a reservoir ofutrients; however by the fourth harvest evidence of nutrient
deficiency was obvious. The cropping system was therefore changed to a staggered production to
moderate nutrient uptake. In the staggered protlan trial, the plants were cut once (1.2 kgfjrand
allowed to regrow for a final second harvest (2.4 k§im A second trial was conducted where the
staggered production procedure was followed for basil seedlings that were planted in an adjoining field.
The yield was 0.6 kg/m Three varieties of okra seedlings were planted (NSdhth, Annie Oakley,
and Clemson Spineless) were grown hydroponically at a low density (2.7 plgnisicha high density
(4.0 plants/mi) and also in an adjoining field dtet same low density. Production was greater per unit
area at the higher density (2.89 kgfithan the lower (2.54 kg/R), but lower per plant (710 g/plant for
high and 940 g/plant for low). Production of okra in the field setting was 0.15lgithrequired much
more intensive procedures. This low production may have been due to wet conditions and alkaline soils.

A longer establishment time was thought to be need@hkocy, Bailey, Shultz, & Thoman, 2004)

gAquaponic Syems: Nutrient Recycling from Fish Wastewater by Vegetable ProducgtionGraber

and Junge

In an aquaponic system the potential of three crop plants was assessed to recycle nutrients from
fish wastewater. A trickling filter, using lighkpanded clay agggate (LECA system was used for
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nitrification of the wastewater providing surface for biofilm growth and area for crop plants. Nutrient
input and removal rates were calculated through mass balance over a specified time, by the addition of
nutrient inputin the form of fish fodder, nutrient removal in the form of fruit and plant biomass, change

in nutrient reservoir in the water, and nutrient losses by water exchange. Input was calculated using
fertilizer coefficients determined through a separate eXxpwnt were fish were fed tilapia feed and
build-up of nutrients was measured after 14 days. All water quality parameters measurgdNSH

NG;, pH, electrical conductivity, DO) were within tolerable limits except sometimes nitrite, which was
above 02 mg N/L during one phase. Results were compared to controls of a traditional hydroponics
systems and crop grown in soil. The highest nutrient removal rates by fruit harvest were achieved by
during tomato culture: over a period of more than three maositiruit production removed 0.52, 0.11,

0.8 g/m?d for N, P, and K in hydroponic and 0.43, 0.07, and 0.4-d/rfor N, P, and K in aquaponic.

The nutrient recycle rates were similar to those postulated in an earlier study 62a0@ N/nf-a and

10-20 g P/nf-a and it was concluded that the trickling filter aquaponic system was able to adequately

treat the fish wastewater(Graber & Junge, 2009)

fEffect of Method and Scheduling of Irrigation on Water and Nitrogen Use Efficiencies of Okrafi by

Home et al.

Nitrogen use efficiency (NUE) and N uptake in plants are very significant components in
determining water quality of aquaponic systems. In agricultural fields, excessive leaching takes place
when high rates of water and N ar@m@lied in combination. This leaching makes most of the nitrate
unavailable to the plant and can also contribute to ground water contamination. In an aquaponic system,
however, this is not the case since the water is being recycled and the N stays confihedclosed
system. NUE and N uptake were studied by P.G. Home, R.K. Panda and S. Kar in a sandy loam Okra field

in Kharagpur, India. The experiment was carried out on a coarse textured sandy loam soil under sub
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humid subtropical conditions at an expenental farm. The results found suggested the maximum vyield
was obtained with a high nitrogen uptake and 30% maximum allowable depletion (MAD) irrigation
scheduling. Maximum allowable depletion is the percentage of moisture drop from field capacity. A 30%
MAD still keeps the soil quite moist. Yield and N uptake of vegetable crops have been found to increase
when irrigation schedules are applied that keep soil water at or near field capacity. This type of soil
conditions is similar to the grow bed being usleg our mentor, Damian Hinkson, for his aquaponic
system. Although there is no soil, the coconut husk serves as a growing medium and since the water is
being pumped continuously through the grow bed, field capacity or near field capacity conditions are
maintained. In the Home, Panda and Kar experiment, the N uptake was averaged to be 733 kg ha
while the NUE was averaged to be 89%. These numbers will be used to compare the nitrate content
being supplied to the fish via fish food and the resulting conedian of nitrate in the circulating water.

(Home, Panda, & Kar, 2001)

oEffect of Flow Rate on Water Quality Parameters and Plant Growth of Water Spinach (Ipomoea
aquatic) in an Aquaponic Recirculating Systtm 6 & 9V RdzE G Sid | f o

Aquaponics systems were designed to provide an artificial, controlled environment that
optimizes the growth of fish and sdédss plants, complete control over water quality, the production
schedule and the fish product, while conserving water resourcége different water flow rates (0.8,

1.6, 2.4, 3.2, and 4.0 L/min) were tested in order to relate nutrients removal, water quality and plant
growth. It was found that the highest plant growth rate was at 1.6 L/min and that high growth rates and
yields wee generally seen when the major growth limiting nutrient, nitrogen, was delivered as a
combination of ammonium and nitrate. In terms of fish growth rate, there were no significant
differences in the feed conversion ratio (amount of food given vs. Weigimed) at various at flow
rates. The results showed that the aquaponic system removed; BOJB5%), total suspended solids

(67-83%), NKBN (6478%), N@N (6889%), and demonstrated positive correlation with flow rates.; NO
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removal ranged from 4B5%, lut decreased proportionately with flow rate after 1.6 L/min. It was
suggested that the higher flow rates resulted in less contact time between nitrate and denitrifying

o OGSNARAEF X (Kdza RSONBlIaAy3I GKS agadSyQxentR®y Al NRTFe
ranged between 42.8% and 52.8%, and again had highest removal rates at 1.6 L/min. It was concluded

that both plant growth and fish production were better at a flow rate of 1.6 L/min
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Promoting Aquaponics in Barbados

Construction of the System

In the first weeks of our internship, emphasis was placed on
aSGaAYy3 dz2lJ GKS O2YYdzyAaide aoOFtS Fljda Ll2yAada aeaidsSy
Pff F2dz2NJ ANRdzZL) YSYOSNB GNY@StSR G2 . FANRQa =Aff|
current system to potentially offer design suggestiorr fluture
systems. The original system Damian had installed was quite
rudimentary with only one grow bed and one fish tank. The plants
growing were of varying species, including onion, lettuce, tomatoes
and cabbage. One of the first problems we addressesl tiva depth of

Figure4: Aquaponic system at the

the grow bed. Damian felt the depth of the grow bed was too shallbeginning of our internship
and did not allow for proper drainage for the plants. Therefore we took apart the system and increased

the depth by adding wood to the existing walls. We then relined trstesy with plastic to ensure no

leaks would occur.

¢tKS ySEG GAYS 6S 22AYSR 5FYALY Ay . IFANRQa OAff
the first one in order to complete a system. The concept of one system is to have four grow beds for one
fish tank and have the water circulating throughout the system. The first grow bed was made from scrap
material while the three new grow bed were constructed from plywood. It was therefore much lighter
material, easier to handle and less individual pieceseweeded to nail together. We then painted the
outside for a more aesthetically pleasing system. The new grow beds were then lined with plastic and

were ready to be hooked up together.

Another innovation was discovered at this time. Damian was origipkling the coconut husk

in the grow beds as it came, and this was difficult to handle when it came to moving the system. We
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