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Abstract
Aquaponics is the integration of aquaculture and hydroponics to

grow fish and plants together in one system. Many producers in the

northern United States are attracted to aquaponics for its poten-

tial to produce indoors year-round. However, little is known about

consumer preferences for products grown in aquaponic systems.

To address this knowledge gap, we conducted an experimental auc-

tion to measure the impact of information about production method

on consumers’ willingness-to-pay (WTP) for lettuce. For most par-

ticipants, WTP was similar for both aquaponic and soil grown let-

tuce with overall average bids of $1.47 per 8 ounces and $1.48 per

8 ounces, respectively. Learning how samples were grown (either

aquaponic or soil-grown) rarely changed bids significantly, although

on average, participants with environmental group membership low-

ered their bids for aquaponic lettuce samples. In general, higher fre-

quency shoppers expressed higher average WTP for all types of let-

tuce. [Q100 Agriculture: General, Q220 Renewable Resources and

Conservation: Fishery; Aquaculture]

1 AN INTRODUCTION TO AQUAPONICS

Aquaponics integrates hydroponics (the soilless growing of plants) and aquaculture (the raising of fish) into a closed-

loop system that recirculates water between fish and plants (Baker, 2010). Aquaponic systems can vary dramatically

in scale, system design, produce/fish varieties, and management procedures. The type of system ultimately chosen is

dependent on the location, production goals, market demand, and many other factors. When grown in a controlled

environment such as a greenhouse or warehouse, aquaponics can provide locally grown year-round production even

in cold climates during winter (Savidov, 2004). Interest in the development of an aquaponic industry in the north-

ern United States has grown rapidly, with numerous hobby and commercial scale systems now in production. How-

ever, little is known about consumer preferences for products grown in aquaponic systems, especially in a north-

ern environment. To address this knowledge gap, we conducted an experimental auction to measure the impact of
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information about production method on consumers’ willingness-to-pay (WTP) for lettuce grown in the upper Mid-

west of the United States.

In a typical system, water flows into a fish tank from the plant area. Next, the water which now contains fish waste,

flows through a biofilter for solid removal and oxidation of inorganic nitrogen compounds by nitrifying bacteria (Tyson,

Treadwell, & Simonne, 2011). Finally, the newly nitrate-rich water flows out of the biofilter back to the plant-growing

tank where plants utilize the nitrate as fertilizer and the cycle begins again with the newly filtered water flowing to the

fish.

The aquaponic system solves two problems present in its parent systems of hydroponics and aquaculture. Hydro-

ponics requires purchasing fertilizer inputs, while aquaculture produces large quantities of fish waste. In theory,

aquaponics eliminates both problems because the fish waste is converted into fertilizer for the plants. However, a sys-

tem must be carefully designed, optimized, and monitored to ensure that the proper levels of nutrients are maintained.

Additionally, two important attributes of an aquaponic production system are its minimal water use and soilless

plant production. These attributes allow aquaponic production of both fish and produce to take place in water-scarce

and land-scarce environments. Compared to traditionally irrigated soil-based agriculture and aquaculture production

methods, aquaponics uses significantly less water and produces less waste discharge (Tyson et al., 2011). It can also

take place on marginal land, or indoors and in urban areas. A recent technical report by the United Nations Food and

Agriculture Organization (FAO) (Somerville, Cohen, Pantanella, Stankus, & Lovatelli, 2014) detailed some of the possi-

ble benefits of aquaponic systems compared to conventional agriculture and fisheries. These could include reduction

of pressure on land conversion, an increase in the world supply of fish without depleting wild stocks, production of food

in areas with minimal water supply, and expanded food production by urban residents (Somerville et al., 2014).

As the FAO report indicates, there is exciting potential for aquaponic systems to be part of a more sustainable agri-

culture future, but the wide variety of potential system specifications and production locations necessitates that any

claims to sustainability be evaluated on a case-by-case basis (Tyson et al., 2011). A sometimes-overlooked factor of

sustainability is economic feasibility. Even the most environmentally friendly systems will have a hard time making an

impact if they are not able to compete profitably with conventional systems. Most of the early research on aquaponics

took place outdoors, in warm locations with limited freshwater and limited local food production such as the Virgin

Islands. In this setting, aquaponics can be an efficient system for food production, and research has shown it to be prof-

itable (Bailey, Rakocy, Cole, & Shultz, 1997). Similarly, in Hawaii, Tokunaga, Tamaru, Ako, and Leung (2015) investigated

the economic feasibility, based on three existing commercial-scale aquaponic facilities and found that production could

be profitable, though viability was quite sensitive to product prices.

The economic feasibility studies previously referenced cannot be used to directly gauge the viability of aquaponics

in northern climates given the additional costs, i.e., heat, electricity, and construction; however, a survey and analysis

of 257 commercial aquaponics producers worldwide found that producers in the equivalents to warmer USDA hardi-

ness zones (7–13) were approximately four times as likely to be profitable over their previous year than producers in

colder hardiness zones 1–6 (Love et al., 2015). These factors should be taken into consideration and compared with the

existing options that consumers face, such as transportation costs of shipping produce from warmer climates.

1.1 Background

The existing literature on the viability of aquaponics has shown that large-scale production systems and favorable

prices are key components of a successful aquaponic operation (Bailey et al., 1997; Baker, 2010; Rupasinghe &

Kennedy, 2010; Tokunaga et al., 2015). A willing consumer base is necessary to ensure that both factors can be sup-

ported in a particular geographical market, but currently, very little is known about the market potential for prod-

ucts from aquaponics systems in the United States. A few consumer survey studies regarding aquaponic produce have

been reported in other countries including Malaysia (Tamin, Harun, Estim, Saufie, & Obong, 2015), Romania (Zugravu,

Rahoveanu, Rahoveanu, Khalel, & Ibrahim, 2016), and Canada (Savidov, 2004). Results from a study on consumer per-

ceptions of aquaponics in Minnesota were recently published (Short, Yue, Anderson, Russell, & Phelps, 2017). However,

this study is the first to quantify consumer WTP for aquaponic-grown produce in the United States.
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The recent Malaysian study found that respondents had positive intentions regarding the purchase of aquaponic-

grown products and generally valued “green products” (Tamin et al., 2015). In Romania, Zugravu et al. (2016) showed

that consumers were willing to pay a higher price for foreign aquaponic-grown products compared to domestic

aquaponic products, and that how people learn about aquaponics brands was important to their purchasing decisions.

Savidov (2004) used a market analysis of aquaponics systems in Alberta, Canada, to show that the uniqueness of the

aquaponic system was not a selling point in the Alberta market, and that many respondents had concerns about food

safety of the products grown in the aquaponics system. That study found that most consumers verbally indicated that

they would purchase aquaponic vegetables, but those who further commented on their WTP were split evenly between

people who would pay a premium and people who would not. Savidov (2004) also predicted that the greatest obsta-

cles for producers would be finding the right market, meeting buyer requirements in terms of quantity and timing, and

establishing proper prices.

The literature on consumer preference for aquaponic produce is quite limited, so we will also detail some relevant

research for related products. Huang, Li, Rutter, Walters, and Wiwattarangkul (2002) conducted a market analysis and

found a limited potential market for hydroponic lettuce, though the prospects for hydroponic cucumbers and tomatoes

were better. The authors concluded that hydroponic lettuce producers would need to establish a wholesale relation-

ship and use an active marketing strategy to educate and develop a customer base.

A recent study on vertically farmed (hydroponic) lettuce used an auction with two randomized groups to estimate

WTP values (Coyle & Ellison, 2017). Both groups made bids on three types of lettuce (vertically farmed hydroponic,

greenhouse hydroponic, and field grown). The treatment group received information about the production systems

while the control group did not receive any information. One of the most interesting findings emerged from a question

about where participants expected the different lettuces to be sold. The control group (who knew less) tended to view

the vertically farmed lettuce as a premium product to be sold in specialty grocery stores. The treatment group, who had

more information, thought the vertically farmed lettuce would be cheaper and sold in discount grocers or supercenters.

The authors suspected that this might be due to its higher production efficiency per acre. On average, they showed

WTP to be the lowest for the vertically farmed lettuce and the highest for the field grown (Coyle & Ellison, 2017). This

could present a challenge for soilless producers in areas where farmland is plentiful.

In Trinidad, Narine, Ganpat, and Ali (2014) found that consumers, on average, were willing to pay a 4% premium

for greenhouse-hydroponic tomatoes. This average obscured the fact that consumers were split in their responses.

Fifty-one percent of participants in their sample were willing to pay more for greenhouse-hydroponic tomatoes with

an average premium of 30% over conventional field-grown tomatoes. Forty-nine percent of participants in their sample

were not willing to pay more and required a discount. On average, this group required a 24% discount to the conven-

tional price in order to purchase (Narine et al., 2014). The split among those willing/not willing to pay a premium in this

study was similar to the split found in the Savidov (2004) Canadian aquaponics survey and has important implications

for the industry moving forward.

An analysis of consumer WTP for pesticide-free, hydroponically grown vegetables in Taiwan found that, among

those willing to pay more (83%), they would most likely be willing to pay at least a 16% premium (Huang, Kan, & Fu,

1999). The authors noted, however, that these results were high compared to similar studies in the United States, which

further highlights the need for updated, localized research on WTP in different countries and regional markets.

2 DATA AND METHODS

We conducted the experiment to measure the impact of production method (soil grown versus aquaponic) on con-

sumers’ WTP for lettuce in December 2016 in a metropolitan area in the Midwestern region. We recruited 91 partici-

pants from the surrounding community using advertisements in local publications and email lists. To be eligible for the

experiment, participants had to be at least 18 years of age and consider themselves produce buyers. Participants were

paid for an hour-long session. Participants who did not win the auction received $40, while auction winners received
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an actual head of lettuce and payment of $40 minus the auction value of the lettuce. We had eight sessions over a

2-day period. One participant's responses were dropped because all bids were $0. Thus, the final sample included 90

participants with 1,620 observations (90 participants × 9 samples × 2 rounds).

The main component of the experiment was a Vickrey second-price auction where bids are private and written down

(Lusk & Shogren, 2007). This particular auction is designed so that people reveal their true WTP by removing incen-

tives for overbidding and underbidding. Participants were first guided through an example with practice questions and

a quiz to ensure their comprehension of the auction procedures. WTP bids were made for 8-ounce samples of head

lettuce (Lactuca sativa L. “Rex,” “Salanova Green Sweet (SGS),” “Salanova Green Incised” (SGI)). There were three soil

grown samples (one per cultivar) and six aquaponically grown samples (one per cultivar in two systems) making up the

nine samples of lettuce in total. The aquaponically grown samples were grown in two different production facilities at

the same location (St. Paul, MN; 45o N. lat.), three samples from a warehouse and three samples from a greenhouse.

These different locations are part of a related research project investigating the costs and benefits of different types

of aquaponic systems. The warehouse location utilized completely artificial lighting whereas the greenhouse location

had a mix of natural lighting supplemented with some artificial light. Samples from both locations were used to gauge

if participants picked up on any quality differences that might affect consumer preferences and WTP. The perceived

quality difference would affect the separate cost-benefit analysis results. The fish in both systems were koi (Cyprinus

carpio), fed a daily ration of a commercially available Nutreco Skretting feed.

In Round One of the auction, participants were able to taste and examine samples of nine different lettuces. All tast-

ing samples were provided at the same time with each participant receiving nine code-labeled plastic bags containing a

leaf from each different lettuce at the beginning of the experiment. Whole heads of lettuce (of approximately 8-ounces)

were also displayed with the codes on a large table that all participants could walk around and examine while tasting

and rating. Participants could start from any sample for their evaluation, so we do not expect any order effects. The

procedure was the same across both rounds.

Six attributes (overall liking, appearance, flavor, crispness, texture, and aroma) were rated on a 7-point scale regard-

ing the degree of how much participants liked the attribute in each sample with a range from “Dislike very much” to

“Like very much.” A seventh attribute (bitterness/mildness) had a 7-point scale that ranged from “Extremely mild” to

“Extremely bitter.” Participants also wrote down bids for an unpackaged approximately 8-ounce head of each of the

nine lettuces. These Round One bids reflect participants’ preferences for the lettuce samples along with expectations

and experiences with the price of lettuce. The Round One bids do not reflect any beliefs participants may or may not

have had about production systems since they did not have any information on how the lettuces were grown.

In Round Two of bidding, we read a definition of aquaponics to the participants and revealed new information

about how each lettuce sample had been grown (either in soil or aquaponics). We read aloud and wrote on a chalk-

board which code numbers had been grown in soil and which had been grown in an aquaponic system. We also placed

additional labels next the heads of lettuce on display indicating how each had been grown. The definition of aquapon-

ics was designed to be unbiased and factual without being overly scientific or complicated: “Some of the lettuces are

aquaponically-grown. Aquaponics is the integration of aquaculture (raising fish) and hydroponics (the soil-less growing of plants)

that grows fish and plants together in one system. The fish waste provides a food source for the growing plants and the plants

provide a natural filter for the water the fish live in.”

Participants were still able to see their Round One bids, their sensory evaluations, and the display heads of lettuce

with the new information while they made another set of bids. If participants changed their bids in Round Two, we

assumed that it was a result of the new information about each lettuce sample. These changes represent the value of

any beliefs participants had about aquaponics.

Finally, in the last stage of the experiment, participants filled out demographic questions and questions about atti-

tudes and beliefs surrounding aquaponics. All participants were paid and the auction winners took home actual lettuce.

The research question was whether participants would change their bids for aquaponic-grown lettuce samples once

the production methods are revealed in the second round. In other words, would participants change their first round

preference-based purchasing decisions based on any beliefs they have about aquaponics?
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The empirical framework to evaluate the hypothesis using the panel data collected in the experiment was a linear

regression model of the form:

yij = s′j 𝜃 + z′i𝛼 + x′ij𝛽 + 𝜀ij , (1)

where yij is the bid amount (in U.S. dollars) by each participant i = (1, …, 90) for each lettuce sample (in each round)

j = (1, …, 18). In the first specification, the vector, s′
j

contains variables that vary by sample j = (1, …, 18) but not by

participant. These include the interaction term Round *Aquaponic and the term Variety, which is a categorical vari-

able with three levels for the different lettuce cultivars: Rex, SGS, and SGI. The primary variable of interest was

the interaction term between variables Round and Aquaponic. The coefficient on this interaction term represents

the effect of participants’ learning the production method of all samples on bids for the aquaponically-grown let-

tuce. Since both Round and Aquaponic are binary variables (0 or 1), the coefficient on the interaction term repre-

sents the effect on participants’ bids for aquaponic samples in Round Two, after they learned which samples were

aquaponic.

In preliminary specifications of the model, both Round and Aquaponic are also included as variables in s′
j
. However,

estimates for both parameters were near zero and not statistically significant. Given this fact, and the theoretical plau-

sibility that each parameter could be zero in the experimental design, it was not unreasonable to exclude them from

the regression (impose coefficients of zero). We subsequently left these two separate variables out of the regressions.

Vector z′
i

contains a constant term that captures unobserved individual differences and a set of observed individual

demographic variables:Age, Gender, Income, Education, Employment status, Marital status, Shopping frequency for produce,

Presence of children under age 12 at home, Household size, and Environmental groupmembership. These vary by participant

and are constant over the samples for each participant.

There are six variables in x′
ij
: Appearance, Flavor, Crispness, Texture, Aroma, and Bitterness which vary for each partic-

ipant i = (1, …, 90) and each lettuce sample j = (1, …, 18). These variables are scale ratings of how much participants

liked different attributes in the lettuces from the lettuce sensory evaluation in Round One.

The error term is represented by 𝜀ij. Because we have participant data for all variables in z′
i
, the model can be esti-

mated as a classical regression model using ordinary least squares (OLS) with robust standard errors (Greene, 2012).

Experimental panel data were analyzed using OLS regression.

We also estimated a Tobit regression to account for possible lower-level censoring of individual bids at $0.00. Only

a small number of bids (25 out of 1,506 total) were $0.00, so the results of the Tobit regression were not statistically

different form the OLS results and have, therefore, not been reported.

In the second specification, we excluded the interaction term Round *Aquaponic and the binary demographic vari-

able for environmental group membership and added the interactions between production methods and whether a

participant is a member in an environmental group or not: Soil-Grown*Non-environmental, Aquaponic*Non- environmen-

tal, Soil-Grown*Environmental, and Aquaponic*Environmental. Parameter results can be directly interpreted in 2016 U.S.

dollars in both specifications.

3 RESULTS

Summary statistics of participants in the experimental auction (Table 1) show the average age of participants was within

the category between 41 and 60 years old. Sixty-nine percent of the participants were female. The average participant

had income between $35,001 and $65,000 and a college degree. All participants had at least a high school degree.

Forty-six percent of the sample held either a part- or full-time job, while the others were either retired, students, or

unemployed. Sixty-one percent were married. Most participants shopped for produce once a week or more (30% of the

sample shop “once a week” and 53% shop “more than once a week”). Eight percent of the sample had children under

age 12 living at home. The average household size was 2.3 persons, and 12% of the sample held membership in one or

more environmental groups.
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TABLE 1 Summary statistics (mean, SD, frequency, percent of sample) of the 90 participants in the aquaponic lettuce
experimental auctions (N= 90)

Mean (S.D.) Frequency
Percent of
Sample

Age 2.33 (0.75)

1 = Ages 18–40 years 15 17

2 = Ages 41–60 years 30 33

3 = Ages 61+ years 45 50

Gender 0.69 (0.46)

0 = Male 27 31

1 = Female 61 69

Income 2.30 (1.07)

1 = Income $35,000 and under 26 29

2 = Income $35,001-$65,000 25 28

3 = Income $65,001-$100,000 23 26

4 = Income $100,001 and over 15 17

Education 1.86 (0.71)

1 = High school degree 30 33

2 = College degree 43 48

3 = Graduate degree 17 19

Employment status 0.46 (0.50)

0 = Retired/student/unemployed 49 54

1 = Full/part time job 41 46

Marital status 0.61 (0.49)

0 = Not married 35 39

1 = Married 55 61

Shopping frequency for produce 2.37 (0.76)

1 = Less than once a week 15 17

2 = Once a week 27 30

3 = More than once a week 48 53

Presence of children under 12 at home 0.08 (0.27)

0 = No 82 92

1 = Yes 7 8

Household size 2.33 (1.35) – –

Environmental groupmembership 0.12 ((0.33)

0 = No 79 88

1 = Yes 11 12

Figure 1 shows standard box plots which display the interquartile range, median, and outliers among all bids subset

by round and production method (soil grown versus aquaponic). The first notable observation from this figure is that

there is almost no visible change between rounds for either production method. The second observation of note is that

there is also very little difference between production methods, although the median bids and lower quartile bound-

aries are slightly lower for aquaponic samples than that for soil grown samples. Several high bids are outliers in each

subset.
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F IGURE 1 Standarda box plots of bids for 8-ounce lettuce samples by production method (soil grown N = 270 or
aquaponicN=540) in two different bidding rounds. a Boxes represent the Interquartile Range (IQR) with white dividing
line at the median, and whiskers represent 1.5*IQR with points as outliers

TABLE 2 Mean willingness-to-pay (WTP; $), standard deviation (SD), and median WTP ($) for 8-ounce lettuce sam-
ples varied by production method (soil grown N= 270, or aquaponic N= 540) in two different bidding rounds

RoundOne Productionmethod
Unknown by Participants

Round Two ProductionMethod Known
by Participants

ProductionMethod Meana SD Median Meana SD Median

Soil grown 1.49 0.82 1.40 1.48 0.82 1.41

Aquaponic (all) 1.46 0.86 1.29 1.47 0.85 1.30

Aquaponic/warehouse 1.56 0.88 1.40 1.57 0.87 1.50

Aquaponic/greenhouse 1.37 0.82 1.20 1.37 0.81 1.25

aMeans between rounds not significantly different at p< 0.10 for any production methods or locations.

The top two rows of Table 2 add to the Figure 1 data by reporting mean bids and standard deviations in addition

to the medians for the same round-production subsets. Here, it is clear to see that bids for aquaponic samples are

generally lower than those from soil grown samples. All bid prices are in reference to 8-ounce samples unless otherwise

indicated. The mean bid for all soil-grown samples in Round One is $1.49 and the mean bid for all soil-grown samples

in Round Two is $1.48. t-Tests found no significant difference between these means. For all aquaponic grown samples,

the mean bid in Round One is $1.46, and the mean bid in Round Two is $1.47. There is also no significant difference

in means for the aquaponic-grown samples. These four mean bids are all very close in magnitude with an implication

that, on average, learning about the production method in Round Two did not have a significant impact in changing

participants’ bids. Mean bids for all aquaponic samples together are very close to mean bids for the soil grown samples.

The bottom two rows in Table 2 additionally subset aquaponic production into the two locations (warehouse or

greenhouse). Participants were not given information about the location of the aquaponic samples because that was

not the focus of this experiment; however, interesting differences emerged that could be due to quality differences as a

result of production-related factors. Samples grown in the aquaponic warehouse have the highest mean bids reported

in Table 2: $1.56 and $1.57 in Round One and Two. Lettuce grown in the aquaponic greenhouse has the lowest mean
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F IGURE 2 Standarda box plots of bids for 8-ounce lettuce samples (N = 180 for each sample), varied by production
method (soil grown, aquaponic/warehouse, aquaponic/greenhouse) and cultivar (Rex, Salanova Green Sweet (SGS),
Salanova Green Incised (SGI)) in all bidding rounds. aBoxes represent the Interquartile Range (IQR) with white dividing
line at the median, and whiskers represent 1.5*IQR with points as outliers

TABLE 3 Mean willingness-to-pay ($) and standard deviation (SD) for nine different 8-ounce lettuce samples
(N = 180 for each sample), varied by production method (soil grown, aquaponic/warehouse, aquaponic/greenhouse)
and cultivar (Rex, Salanova Green Sweet (SGS), Salanova Green Incised (SGI)) in all bidding rounds

Rexa SGSa,b,c SGIa,c

Mean SD Mean SD Mean SD

Soil grownd,e 1.60 0.93 1.44 0.75 1.42 0.75

Aquaponic/warehoused,e 1.68 0.94 1.55 0.88 1.46 0.80

Aquaponic/greenhoused,e 1.54 0.91 1.25 0.69 1.31 0.81

aMeans of aquaponic/warehouse significantly different from aquaponic/greenhouse at p< 0.10 or better.
bMeans of soil grown significantly different from aquaponic/warehouse at p< 0.10 or better.
cMeans of soil grown significantly different from aquaponic/greenhouse at p< 0.10 or better.
dMeans of Rex significantly different from SGS at p< 0.10 or better.
eMeans of Rex significantly different from SGI at p< 0.10 or better.

bids reported: $1.37 in both rounds. Full examination of the variations between the two aquaponic locations is beyond

the scope of this paper, but will be more fully examined in a future separate study.

Figure 2 displays another set of box plots, subset this time by lettuce cultivar (Rex, SGS, and SGI) and produc-

tion/location combinations (soil grown, aquaponic/warehouse, aquaponic/greenhouse). Variation is now apparent.

Table 3 displays the mean WTP bids and standard deviation broken down in the same subsets as Figure 2. The different

aquaponic locations are used to illustrate differences in means with aquaponic/warehouse samples consistently receiv-

ing the highest mean bids, soil grown samples in the middle, and aquaponic/greenhouse samples consistently receiving

lower bids on average. For all cultivars, the means between the two aquaponic systems are significantly different at

p< 0.10 or better (note a). For all production/location combinations, the means of “Rex” are significantly different than

“SGS” (note d) and “SGI” (note e) at p< 0.01 or better. The highest mean bid reported in this table is for “Rex” grown in
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TABLE 4 Correlation coefficients on lettuce attribute ratings between soil grown samples and two types of
aquapoinc production locations (warehouse and greenhouse)

Correlation Coefficient
of Soil Grown Samples
with: Overall Appearance Flavor Crispness Texture Aroma Bitterness

Aquaponic/warehouse 0.04 0.00 0.00 0.06 0.02 −0.02 −0.12*

Aquaponic/greenhouse −0.12* −0.23* −0.12* −0.14* −0.17* −0.10* −0.10*

Note: ∗p< 0.05.

an aquaponic warehouse at $1.68 per 8 ounces, which is $3.36 per pound. The lowest mean bid, for “SGS” grown in an

aquaponic greenhouse, was $1.25 per 8 ounces or $2.50 per pound.

To explore why there are bid difference between the two aquaponic locations, Table 4 displays correlation coef-

ficients with significance at 95% for lettuce attributes and production locations. The first row contains the correla-

tions between attribute ratings of soil grown and aquaponic/warehouse. The only significant correlation is for bitter-

ness (−0.12) indicating the aquaponic/warehouse samples were rated on average as less bitter than the soil grown

samples. The second row contains correlations between attribute ratings of soil grown and aquaponic/greenhouse

samples. Significant negative correlations are found on every attribute. This means that participants found the

aquaponic/greenhouse samples to also be less bitter than soil grown (−0.10); however, they generally liked the six

attributes less in aquaponic/greenhouse samples than in soil grown samples.

Regression results, standard errors, and significance for the two OLS specifications are presented in Table 5. The

primary variable of interest in the first OLS Specification was the interaction term Round *Aquaponic. The coefficient

on this variable represents the change in participants’ bids for aquaponically grown produce upon learning which pro-

duction method was used in growing each sample. This parameter is small in magnitude (+0.02) and not statistically

significant, indicating that, on average, participants did not significantly change their bids for aquaponically grown let-

tuces upon learning about production method.

Out of the three cultivars, Rex received significantly higher bids than the others. Compared to Rex, on average, SGS

had bids $0.13 lower, and SGI had bids $0.12 lower.

Several demographic variables had a significant impact on average bid levels for all samples. On average, female

bids were lower than male bids by $0.26. For income, the base category was $35,000 and under. Compared to this

base, participants in the income category, $35,001–$65,000, had higher bids by $0.21 on average. Compared to the

base, participants in the income category, $65,001–$100,000, had higher bids by $0.09 on average.

On average, increased education led to increased bids. Having obtained a college degree as the highest level of edu-

cation led to an increase of $0.18, compared to participants with only a high school degree. Having a graduate degree

led to an increase of $0.32. Both changes were significant at the 99% significance level. Compared to unmarried par-

ticipants, married participants had significantly lower bids by about $0.13.

Increased frequency of shopping for fresh produce led to the largest increase in the magnitude in bids. Compared to

participants who shopped less than once a week, those who shopped once a week had bids about $0.55 higher. Those

who shopped more than once a week had bids about $0.53 higher.

The presence of children under 12 in the household led to bids $0.23 lower than for participants without young chil-

dren at home. Membership in an environmental group decreased bids by $0.15. Age, upper levels of income, employ-

ment status, and household size did not have significant impacts on bids.

Higher positive rating for several attributes significantly increased bids. For a one-unit increase on the sensory scale,

the average bid increased as liking increased for attributes of appearance ($0.04), flavor ($0.18), crispness ($0.04), and

texture ($0.05). Aroma and bitterness did not have significant effects on bid prices.

Specification II omitted Round*Aquaponic and the variable for membership in an environmental group. Instead four

interaction variables between production method and membership in an environmental group were included. Most

parameters had no or very small changes from specification I to specification II. The base category for these new

variables was soil grown samples made by participants who were not in environmental groups (Table 5). Those same
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TABLE 5 Ordinary least squares (OLS) parameter results and standard errors (Std. Err.) (N = 1506). Spec-
ification I includes the variables Round*Aquaponic and Environmental group membership, whereas Specifi-
cation II includes Soil-Grown*Nonenvironmental, Aquaponic*Nonenvironmental, Soil-Grown*Environmental, and
Aquaponic*Environmental. Parameter results can be directly interpreted in 2016 U.S. dollars in both specifications

Variables
OLS Specification
I Parameter Std. Err.

OLS Specification
II Parameter Std. Err.

Round*Aquaponic 0.02 (0.04) (.) (.)

Rex – – – –

Salanova Green Sweet −0.13*** (0.05) −0.13*** (0.05)

Salanova Green Incised −0.12*** (0.05) −0.12*** (0.05)

Ages 18–40 years – – – –

Ages 41–60 years 0.05 (0.06) 0.05 (0.06)

Ages 61+ years −0.03 (0.06) −0.03 (0.06)

Male – – – –

Female −0.26*** (0.05) −0.26*** (0.05)

$35,000 and under – – – –

$35,001–$65,000 0.21*** (0.06) 0.21*** (0.06)

$65,001–$100,000 0.09* (0.05) 0.09* (0.05)

$100,001 and over −0.09 (0.07) −0.09 (0.07)

High school degree – – – –

College degree 0.18*** (0.04) 0.18*** (0.04)

Graduate degree 0.32*** (0.06) 0.32*** (0.06)

Retired/student/unemployed – – – –

Full/part time job 0.04 (0.04) 0.04 (0.04)

Not married – – – –

Married −0.13*** (0.04) −0.14*** (0.04)

Less than once a week – – – –

Once a week 0.55*** (0.05) 0.55*** (0.05)

More than once a week 0.53*** (0.06) 0.53*** (0.06)

No children under 12 at home – – – –

Presence of children under 12 at home −0.23*** (0.09) −0.22*** (0.08)

Not a member of environmental groups – – – –

Environmental group membership −0.15** (0.07) (.) (.)

Soil Grown*Non-environmental (.) (.) – –

Aquaponic*Non-environmental (.) (.) 0.09** (0.04)

Soil Grown*Environmental (.) (.) 0.12 (0.13)

Aquaponic*Environmental (.) (.) −0.21** (0.09)

Household size 0.02 (0.02) 0.02 (0.02)

Liking of Appearance 0.04*** (0.01) 0.04*** (0.01)

Liking of Flavor 0.18*** (0.02) 0.18*** (0.02)

Liking of Crispness 0.04** (0.02) 0.04** (0.02)

Liking of Texture 0.05*** (0.02) 0.05*** (0.02)

Liking of Aroma −0.03 (0.02) −0.03 (0.02)

Intensity of Bitterness −0.02 (0.01) −0.02 (0.01)

(Continued)
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TABLE 5 Continued

Variables
OLS Specification
I Parameter Std. Err.

OLS Specification
II Parameter Std. Err.

Constant −0.21* (0.12) −0.27* (0.12)

Adjusted R2 0.339 0.345

Note: ∗p<0.10, ∗∗p<0.05, ∗∗∗p<0.01. (.) Indicates excluded variables in the specification; - indicates base category for binary
and categorical variables.

participants had a small but significantly positive increase in bids for aquaponic samples of about $0.09. Compared, to

the base category, participants in an environmental group bid less on average for aquaponic samples by about $0.21.

4 DISCUSSION

The main result from the t-tests and the OLS regressions is that the production method information in the second round

did not have a significant impact on participants’ bids. Most participants changed their bids very little, if at all. It is likely

that most participants did not have strong opinions about aquaponics that influenced their bidding decisions away from

their initial preferences which appear to be based on the quality attributes regarding taste and appearance. Aquaponics

growers would ideally want to see large, positive, and significant values for the production method (aquaponics), which

would mean that people were willing to pay more for aquaponic lettuce based on the (credence attribute) knowledge

that it was aquaponic. This would be the type of effect that is commonly observed for organic products (Yiridoe, Bonti-

Ankomah, & Martin, 2005), but we did not observe that effect in our results.

It could be speculated that if the definition of aquaponics read to participants in Round Two had been written in a

more persuasive way, we could have influenced participants’ beliefs and increased bids, but testing that speculation

must be left for future experiments. The results of this study encourage caution for aquaponic growers to not automat-

ically expect a price premium for products based on the aquaponic production method alone.

This caution is echoed in a recent study about WTP for vertically farmed hydroponic lettuce. Coyle and Ellison

(2017) showed that conventional, soil-grown (field-grown) lettuce commanded higher bids on average than vertically

farmed lettuce. The authors suggested that, as participants learned more about the vertical farming production pro-

cess, they might have changed their beliefs to view the vertically farmed produce as a low-cost product that would be

sold in supercenters and discount stores. On average, their participants’ bids were higher for field-grown lettuce than

greenhouse or vertically farmed lettuce (Coyle & Ellison, 2017). The participants in that study were willing to pay higher

prices for all lettuces compared to our findings, with average bids above $7.00 per pound, whereas the highest mean

bid in our experiment (for ‘Rex’ grown in aquaponic/warehouse) would be equivalent to $3.36 per pound. There could

be many explanations for the price differences including the auction mechanism or design, lettuce varieties, packag-

ing, location in a different regional market area, and consumer expectations. It is also likely that the presentation of

their lettuce samples as a packaged product in 5-ounce boxes contributed to the perception of the lettuce as a pre-

mium product. Future research for aquaponics marketing is needed to determine the ideal size, packaging, and label

information.

The somewhat surprising result that membership in an environmental group, on average, had a negative impact on

bids also warrants discussion. It is important to recall that the information about aquaponics provided to participants in

our experiment represented only the salient production features. Unless they had outside knowledge, our participants

were not informed of the potential environmental benefits that aquaponics could have; however, it is not yet clear if

aquaponic production in northern climates has a net positive environmental benefit compared to other systems.

While many people tend to think of aquaponics as environmentally friendly (Short et al., 2017), it appears that

there might be a subset of consumers who find the concept of aquaponics unappealing. Short et al. (2017) found

that “safety/cleanliness concerns” was one of the top most frequently cited reasons (over a third of respondents) that
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might make survey participants unwilling to purchase aquaponic products. People also might transfer negative opin-

ions about hydroponics and/or aquaculture to aquaponics. Coyle and Ellison (2017) have found that participants rated

vertically farmed lettuce significantly less natural than more traditional greenhouse or field-grown lettuce. Their par-

ticipants were also significantly less likely to purchase the vertically farmed lettuce than the alternatives (Coyle & Elli-

son, 2017). Those findings are supported by Lusk, Roosen, and Bieberstein's (2009) review of studies measuring WTP

for new food technologies where consumers usually prefer conventional technologies to newer ones. However, those

authors added that it is not always the case, “particularly if the technology improves sensory characteristics or provides

alternative benefits” (Lusk, Roosen, & Bieberstein, 2009).

A limitation of the current study and an opportunity for future research was the decision not to inform participants

about the growing location of the aquaponic samples (warehouse or greenhouse). Attribute ratings and bids both indi-

cate that there were distinct quality differences apparent in samples between the two aquaponic locations and that

participants found samples grown in the aquaponic/greenhouse to be less appealing than samples grown in the ware-

house or soil. It would be interesting to see how participants would incorporate this knowledge into their opinions

and bids, especially as on average, the most preferred samples (from the aquaponic/warehouse) are grown in the least

“natural” manner as the warehouse relies exclusively on artificial light.

5 CONCLUSION

Although it is based on hydroponics and aquaculture, aquaponics is a unique production system with its own opportuni-

ties and challenges. Most participants in the study did not significantly change their bid prices upon learning which sam-

ples had been grown aquaponically. These results imply that participants’ opinions about aquaponics were not strong

enough to alter their initial preferences, based on taste and other sensory attributes. The exception to this general

conclusion was that among study participants, membership in an environmental group was associated with lower bids

for aquaponically grown lettuce. Other research provides evidence that consumers might perceive new agricultural

technologies as unfavorable or unnatural and directs future research in this direction. Aquaponics provides an inter-

esting case study: although it is a new technology, it draws on natural ecosystems and symbiotic relationships to reduce

artificial inputs and waste.
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