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Effluent from flow-through aquaculture systems can 

contain high levels of nutrients such as nitrogen and 

phosphorus, which can cause environmental degradation to 

receiving water bodies.  In response to the fast-paced 

growth of the aquaculture industry, demand for effective, yet 

economical, management systems to reduce environmental 

impact has increased substantially.  Phytoremediation using 

harvestable value-added commodity crops would not only 

reduce effluent nutrient levels, but do so while increasing 

producer income.  This trial was conducted to identify both 

marketable crop and ornamental plant species that are 

Ornamental plants such as ColeusóBlack Dragonô, 

Nasturtium óAlaska Goldô, HypoestesóSplash Select Mixô, 

and CalendulaóCitrus Smoothiesô were grown to 

marketable size and quality with relatively no input after 

sowing.  Flowers and leaves of nasturtium, a relative of 

watercress, were also grown to harvestable size.   

Vegetable crops that were grown to both transplant and 

harvest size include many of the Brassica genus, such as 

broccoli, cabbage, cauliflower, kale, kohlrabi, and Chinese 

cabbage.  Other plants grown to a harvestable state were 

celery, Swiss chard, and many lettuces.  

Abstract

Aquaponics, the simultaneous culture of fish and 

plants, has the potential to provide an additional income 

source for growers through the sale of a luxury foodstuff as 

well as reduce nutrient export from fish production.  

Aquaponics has been developed in conjunction with 

recirculating aquaculture systems (RAS).  Rakocy et al. 

(2000) developed a system that produced 3.1 mt of tilapia 

and 1,248 cases of lettuce over a 2.5 year period.  Adler et 

al. (1996, 2000) developed an off-line system that uses 

trout effluent to grow lettuce and basil.  Adler et al. (1996) 

estimated that their system produced 8 - 10.6 g/m2/day or 

69 - 92 lbs/ft2/yr of lettuce.

Previous research in this flow-through system has 

demonstrated an ability to produce marketable quality 

watercress and leaf lettuce.  Expansion of the system to 

production of other marketable plants can lead to an 

expansion of possibilities for  increased profitability in 

aquaponic  production facilities.  Inclusion of multiple crops, 

including vegetables and ornamental varieties, would allow 

for diversification of production and potentially increased 

profits for producers.  

The current goals for the WVU aquaponic research 

program are to evaluate prospective crops for plant 

production and nutrient  removal capabilities, determine 

possibility for production of value-added crops and 

determine operational parameters that  maximize these 

outcomes.  

Introduction

This work was performed at the Reymann Memorial 

Farm in Wardensville, WV where an aquaponics facility has 

been constructed (Fig. 1a).  The facility receives 

aquaculture effluent from a flow-through raceway utilized in 

the production of brook trout (Fig. 1b).  The aquaponics 

facility consists of a plastic covered hoop house (Fig.1c) 

and multiple experimental channels (Fig. 1d).  The 

channels, each 15ò wide by 8ôlong, are independent and 

allow the direct comparison of experimental variables. 

This system provides the necessary nutrients needed for 

plant cultivation in the diverted effluent.  

Seeds of cultivars described as cold-tolerant were 

selected from Parkôs Seed (www.parkseed.com) and 

Johnnyôs Select Seed (www.johnnyseeds.com) and planted 

in 128-cell or 32-cell floating trays in a greenhouse 
hydroponic system supplied by 12°C trout effluent.  Plants 

were grown during the summer season without any 

environmental input.  Observational data were collected on 

each cultivar as to whether it  germinated and grew to a 

marketable size and quality, either to a size suitable for sale 

as a transplantable plug or to harvestable crop size.  In the 

case of crops that regrow after harvest, harvestable 

sections were collected and allowed to regrow afterward.  

Methods

Plants were observed for growth to marketable size 

and quality throughout the summer season.  Determination 

of marketability was assigned based upon visual inspection 

of each cultivarôs performance (Table 1).  Many common 

cool-season vegetables, including lettuces, broccolis (Fig. 

2a), cauliflowers, and kale were grown to marketable 

condition.  Ornamental plants grown to marketable 

condition included HypoestesóSplash Select Mixô (Fig. 2b) 

and Nasturtium óAlaska Goldô (Fig.3), which has both 

ornamental and edible properties.  

Results

Fig. 1a-b Experimental Aquaculture 
System at WVU Reymann Memorial Farm 

(a) Internal layout of experimental plant 
channels in the greenhouse. Brown 

designates the manifold conveying effluent 
from the fish raceways to the plant channels 

and green indicates the plumbing draining the 
treated effluent from the plant channels and 
carrying it to the sediment pond. (b) Trout 

flow-through raceway facility. (c) Greenhouse 
facility. (d) Plant growth channels.

Plants failing to reach marketable 
condition

Table 1. Marketability of crops produced using the flow-through aquaponics 

system

All of the Brassica and lettuce plants (Fig. 4) grew to 

marketable condition in the aquaponic system, even in 

extreme mid-summer heat.  The success of these heat-

sensitive plants during the summer suggest that it is 

possible to grow these plants with little input in the cool 

water of the flow-through system.  Failure of other cool-

season crops could be most likely explained by inability to 

grow in the high air temperatures and inability to germinate 

and grow in circumstances where roots are in a constantly 

wet.  

Success of ornamental plants such as ColeusóBlack 

Dragonô (Fig. 5), CalendulaóCitrus Smoothies (Fig 6) and 

Dianthus óIdeal Violetô (Fig. 7) show that diversity of plants, 

even in crop type, is possible in aquaponic systems and 

can be utilized to produce a diverse cropping system for 

increased profit.  These plants can be grown to the size 

appropriate for spring and summer sales at garden centers 

for container and bedding plant sales.  

Discussion

Plants grown to marketable 
condition

ÅBroccoli 'Coronado'

ÅBroccoli 'Small Miracle'

ÅBrussels Sprouts 'Diablo'

ÅCabbage 'Cairo'

ÅCabbage 'Sweet Surprise'

ÅCalendula 'Citrus Smoothies'

ÅCalendula 'Orange Porcupine'

ÅCauliflower 'Cassius'

ÅCauliflower 'Cassius'

ÅCauliflower 'Cheddar'

ÅCauliflower 'Romanesco'

ÅChard 'Bright Lights'

ÅChinese Cabbage 'Kaboko'

ÅColeus 'Black Dragon'

ÅDianthus 'Ideal Violet'

ÅGolden Eyed Grass

ÅHypoestes 'Splash Select Mix'

ÅKale 'Winterbor

ÅKohlrabi 'Express Forcer'

ÅLettuce 'Buttercrunch'

ÅLettuce 'Butterhead'

ÅLettuce 'Freckles'

ÅLettuce 'Summer Surprise'

ÅNasturtium 'Alaska Gold'

ÅNasturtium 'Jewel'

ÅAsparagus 'Jersey Knight'

ÅBells of Ireland

ÅBegonia 'Non-stop Mocca Mix'

ÅBegonia 'Whopper Yellow'

ÅCampanula capricata

ÅCampanula 'Pearl Deep Blue'

ÅCelery 'Tango'

ÅCerinthe 'Kiwi Blue'

ÅCilantro 'Santo'

ÅColeus 'Limelight'

ÅColumbine 'Origami Mix'

ÅGreen Onion 'Parade'

ÅHeteropappus "Blue Knoll'

ÅImpatiens 'Shady Lady Mix'

ÅImpatiens 'Sunny Lady Mix'

ÅLeek 'Lincoln'

ÅLinaria 'Enchantment'

ÅLinaria 'Flaming Passion'

ÅLobelia 'Cascade Mix'

ÅLobelia 'Fountain White'

ÅLupine 'Sunrise'

ÅMalabar Spinach 'Red Stem'

ÅNiembergia 'Blue Mountain'

ÅPak Choi 'Toy Choy'

ÅPansy 'Atlas Needlepoint'

ÅPansy 'Bolero Mix'

ÅPansy 'Ultima'

ÅPoppy 'Black Peony'

ÅPoppy 'Flemish Peony'

ÅPoppy 'Great Red'

ÅPrunella 'Freelander Mix'

ÅSalvia 'Blue Angel'

ÅSpinach 'Space Saver'

ÅVinca 'Cooler Hybrid'

Growth of twenty-five cultivars to marketable size 

and quality show that diversification of aquaponic crops can 

be used to increase year-round profits for aquaculture 

producers.  Success of both vegetable and ornamental 

crops allow producers to maximize market potential in each 

area of the country during each season.  

Conclusion
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Fig. 2 (a) Broccoli óCoronado;

(b) HypoestesóSelect Splash 

Mixô
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Fig. 3 Nasturtium  óAlaska Goldô

Fig. 4 Brassica and lettuce plants grown 

together

Fig. 5 Coleus óBlack Dragonô

Fig. 7 (above) Dianthus óIdeal Violetô

Fig. 6 (left) Calendula óCitrus Smoothiesô


