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Abstract
Cosmetic standards implemented by grocery stores are a substantial barrier to farmers who want to market
visually imperfect (VI) produce. However, in recent years, efforts to market VI produce grocery stores have
increased. In this study, we estimate the willingness to pay (WTP) for VI organic kale in the Southeastern
U.S. using a payment card approach. The results indicate that WTP does not increase when additional
information is provided, decreases when areas of imperfections are highlighted, and it is impacted by
several consumer characteristics. A profitability case study for a large organic kale producer is also
presented.
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1. Introduction
Visually imperfect (VI) produce describes food products with physical blemishes or abnormalities.
Although these imperfections do not decrease the potential health benefits or nutritional quality of
the food, many grocery stores do not purchase VI produce due to the enforcement of strict
cosmetic standards (Yuan et al., 2019). To illustrate the extent of this practice, in California,
20–50% of citrus, stone fruits, and grapes, and almost 70% of cucumbers do not meet such
cosmetic standards (Gunders, 2012). Overall, about 10 million pounds of food with cosmetic
imperfections is wasted annually (Bhandarkar, 2020).

A consequence of cosmetic standards is that farmers often do not harvest VI produce, which
can potentially translate to substantial economic losses (Johnson et al., 2019). Additionally,
enforcement of cosmetic standards discourages consumer demand for VI produce as it alters
realistic expectations of produce appearances (Qi et al., 2022). However, over the last few years,
some grocery stores have started introducing sections with “ugly” produce and/or implementing
“ugly food campaigns” (e.g., Kroger, Harris Teeter).1 Nevertheless, as there is still limited
knowledge about consumer preferences for ugly produce, it is necessary to quantify consumer
willingness to pay (WTP) for suboptimal food items and to determine the potential marketability
of these products (Pfeiffer et al., 2021).

Previous research indicates that consumers will often purchase suboptimal food items when
given a discount that corresponds to the respective suboptimality (de Hooge et al., 2017; Helmert
et al., 2017). Studies conducted specifically on VI fruits and vegetables have found that consumers
associate these food products with lower price points (Grewal et al., 2018). Consumers in Uruguay
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1The trend in marketing attempts of ugly produce is highlighted by Qi et al. (2022) and by Pfeiffer et al. (2021).
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accepted VI apples only when the price became sufficiently low (Aschemann-Witzel et al., 2018).
Interestingly, Yue et al. (2009) determined consumer WTP decreased more for organic VI apples
than conventionally produced VI apples.

A different strand of the literature highlights that the marketability of VI produce can
be enhanced when VI produce is supplemented with informational messaging such as:
(i) naturalness/authenticity of VI (Qi et al., 2022) or (ii) information about the societal problems
caused by excessive food waste (Collart et al., 2022). This finding is further supported by a recent
meta-analysis of 40 studies related to imperfect foods that found that positive messaging about VI
produce increases WTP for these products (Hartmann et al., 2021). Lastly, certain designs of the
price labels of suboptimal foods can increase consumer attention toward these products as well
(Helmert et al., 2017).

Despite the aforementioned literature, studies examining consumer WTP for leafy greens with
VI are rather limited.2 The first objective of our research extends the literature by examining how
consumer characteristics (i.e., demographics, lifestyle preferences) affect WTP for organic VI kale.
Kale was selected as a product of study because of recent increases in demand due to its purported
health benefits. We specifically examined organic kale because most kale production in the United
States is certified organic (Pullano, 2015).

Our second objective is twofold. We first examined how explicitly highlighting (with an arrow)
where the imperfections are on the leaf impacts WTP. We also examined how informational
treatments on safety of consumption and produce origin impact WTP. We then developed a pre-
post analysis where consumers are informed of the percentage of leaf area affected by
imperfections to test if straightforward information changes purchasing decisions. The first two
objectives are evaluated with organic kale that features 2% and 10% surface areas of visual
imperfections. The pre-post analysis is only conducted with the 10% VI organic kale.

We developed seven treatments3 to test whether information on produce origin, safety of
consumption, and explicitly highlighting areas of imperfections affect the purchasing decision
and/or WTP. A probit model was utilized to test whether these treatments impact the decision to
purchase VI organic kale. Second, an ordered probit model was utilized to examine if the
treatments impact WTP for VI organic kale.

As a preview of the results, our findings indicate that several consumer characteristics and
lifestyle traits, including but not limited to gender, dietary preference, age, and past purchases of
VI produce significantly affect both the purchasing decision and WTP. None of the treatments
had a statistically significant impact on the purchasing decision. However, several treatments, such
as explicitly highlighting the imperfections, had a statistically significant effect onWTP at both the
2% and 10% imperfection level.

Our findings can help organic kale producers identify potential unrealized gains by marketing
VI organic kale instead of discarding or not harvesting it. We conduct a profitability analysis using
the mean price selection from the control payment card at the 10% imperfection level to evaluate
the potential unrealized gains in this market. This result has significant implications for organic
kale production as kale grows in popularity with both consumers and producers across the study
area and beyond (Boehm, 2019).

2. Methodology
2.1. Data collection

The data for the study were collected over 2 weeks in November 2022, 1 week in January 2023, and
1 week in March 2023 using an online survey instrument distributed by Qualtrics XM. The survey

2We are aware of only one consumer valuation study on VI leafy green vegetables. It determined that consumers were more
likely to reject spinach deteriorated in appearance even when it is perfectly edible (Dusoruth and Peterson, 2020).

3See Table 1 for a description of treatments.
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instrument was developed with input from South Carolina agricultural extension agents,4

agricultural researchers, and organic kale producers. Several pilots were conducted before the
survey was implemented. A pretrial with university students and faculty was first performed.5

Then, a second larger pilot was distributed by Qualtrics XM that garnered 40 responses from
members of the study population. Based on the feedback received, the survey instrument wording,
length, etc. were modified.

The final sample size included 802 responses from consumers in the Southeast region of the
United States (Mississippi, Alabama, Florida, Georgia, South Carolina, North Carolina, and
Tennessee). The survey instrument was divided into five sections. The first section included a set
of screening questions; respondents who indicated that they lived in the Southeast U.S., were born
before 2003, are the primary grocery shopper for their household, and that they buy vegetables
every month were eligible to complete the survey. Also included in this section was a question on
the varieties of kale consumers typically eat. Response options included red kale, green kale, kale
lacinato/Tuscan, and/or “other (please specify).” “I do not eat kale” was a response option for this
question as well. The second part of the survey instrument focused on respondents’ perceptions,
purchasing habits, and knowledge of organic products. To assess consumer knowledge, the survey
asked respondents if they had heard of the term “organic food products,” if they were familiar with
common food attribute labels, and their reasonings for purchasing organic food products.

Following Umberger et al. (2009) and Verhoef (2005), payment cards were utilized to evaluate
consumer WTP for VI organic kale in the third section of the survey. The final two sections of the
survey instrument explored participants’ dining preferences at restaurants and their demographic
information.

2.1.1. Description of the payment card design
In the payment card, participants were presented with two pictures of kale products. The first
picture included a bunch of healthy leaves, while the second one included leaves with visual
imperfections. Two levels of visual imperfection were included (2% and 10%).6 Consumers were
presented with eight bid intervals, with the highest bid set at $1.33 per bunch and subsequent bids
decreasing by 4% increments.7 Participants were asked to select the amount they thought it is
reasonable to pay for the VI kale and the maximum amount they would pay. Participants were
also able to select an option stating, “I would not buy kale with VI.” The variety used in the
payment cards was “green kale” given that it is the most widely consumed variety. Nearly 74% of
the consumers in our sample indicated that they eat green kale.

Survey participants were divided into two groups and were provided with eight payment
card questions. While the content of the payment cards was similar for both groups, the first
group received cards with arrows highlighting kale imperfections, while the second group
did not (Figure 1). The arrows were incorporated to test whether explicitly highlighting visual
imperfections impacted consumer WTP.

4South Carolina extension agents were used in the pilot because organic kale production is growing in popularity
in the state.

5The pretrial with Clemson University students was conducted on both computer and smart phone devices. The researchers
determined that both formats provided appropriate means for data collection.

6Organic kale growers typically discard produce with more than 2% visible imperfections, as they fail to meet the standards
of U.S. No. 1 and U.S. Commercial (USDA, 2008). The 10% imperfection level was selected because it captures a rate of
imperfection that is five times greater than the 2% baseline imperfection level. The differences between the 2% and 10%
imperfections are very pronounced, which we believe led to higher quality results.

7The highest bid ($1.33) was determined by calculating the median of the lowest and highest retail prices of kale in the
Southeast from January to February 2022 (USDA, 2022). To reflect the discount attributed to the visual imperfections of kale,
we implemented a pricing structure in which the remaining bids were gradually reduced by 4% increments, thereby setting the
lowest bid at $0.96 per bunch. The lowest bid is comparable to the price of conventionally produced kale of the same period
($0.98 per bunch) (USDA, 2022).
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Among the eight payment cards, four cards displayed a bunch of kale where three out of five
leaves exhibited visual imperfections covering 2% of the leaf surface area. The remaining four cards
included a bunch of kale in which three leaves from a bunch of five leaves had 10% of the leaf surface
area affected by visual imperfections. The difference between the two blocks allowed us to test how
increasing the imperfection level from 2% to 10% alters purchasing behavior and price selection.

The first payment card served as the status quo, in which no additional information was given.
The second payment card was identical to the status quo, except that it contained a statement
claiming that the kale was safe to eat (WAS and WOAS). The third payment card was also

Figure 1. Payment cards WOA and WA.
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identical to the status quo, but contained a statement claiming that the kale was grown locally
(WAL and WOAL). Lastly, the fourth payment card stated that the kale was both safe to eat and
grown locally (WASL and WOASL).8 The payment cards were presented to respondents in a
randomized order. The differences inWTP between the four payment cards allowed us to test how
statements about locality of production and/or food safety impact consumer WTP. Table 1
summarizes the respective treatment of each payment card.

After the last payment card, respondents were asked a follow-up question soliciting their
opinion on the percentage of the leaf damage. Then, consumers were informed of the exact
percent of leaf area affected by imperfections. The respondents were then prompted to answer
another payment card, which allowed us to analyze how information on the level of imperfection
impacts WTP. The presence of arrows on the postanalysis payment card was kept consistent with
the response block that each respondent was in through the payment card section.

2.2. Data

A comparison of the demographic characteristics of the survey participants and the demographics
of the population in the focus region is presented in Table 2. The sample composition of states is
similar to the population metrics based on the American Community Survey (2021), with
participants from Florida constituting the highest percentage of our sample and Mississippi
constituting the lowest.

Females are overrepresented in our sample. However, this is not uncommon for WTP studies
of food products as females are most commonly the primary grocery shoppers in households
(Grannis and Thilmany, 2002). The racial composition of the population is 56.9% White, 21.1%
Black, and 14.6% Hispanic or Latino (Decennial Census, 2020), which is comparable to our
sample composition. The median age of our sample is 34 years old, which is a few years lower than
the median age of the analyzed states (American Community Survey, 2021).

Educational attainment is comparable to the regional averages of 20.0% for a bachelor’s degree
and 12.4% for a graduate or professional degree (American Community Survey, 2021). Full
employment status of the population is 56.3% and the unemployment rate is 3.3% (American
Community Survey, 2021), and 45.9% of our sample is employed full time and 12.0% is

Table 1. Description of the payment card treatments explored in our survey

Payment card Arrows pointing to imperfections Safe to eat statement Grown locally statement

Block 1 WOA (1)

WOAS (2) ×

WOAL (3) ×

WOASL (4) × ×

Block 2 WA (5) ×

WAS (6) × ×

WAL (7) × ×

WASL (8) × × ×

Note: WOA (1) represents the treatment “without arrow,” WOAS (2) represents the treatment without arrows and safe to eat, WOAL
(3) represents the treatment without arrows and locally grown, and WOASL (4) represents the treatment without arrows, safe to eat, and
locally grown. WA (5) represents the treatment with arrows, WAS (6) represents the treatment with arrows and safe to eat, WAL (7) represents
the treatment with arrows and locally grown, and WASL (8) represents the treatment with arrows, safe to eat, and locally grown.

8The payment cards are referred to in subsequent order for sake of clarity. The payment cards were presented to
respondents in a randomized order.
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unemployed. Respondents also had the option of selecting if there were retired, students, disabled,
or employed part time. These individuals collectively constituted 42.1% of our sample. Of our
sample, 73.9% typically eat green kale, 25.3% typically eat red kale, 12.8% typically eat kale
lacinato/Tuscan, and 1.4% typically eat an unlisted kale variety.9

2.3. Empirical strategy

In the payment cards, respondents had the option of selecting one of eight price bids or to indicate
that they were not willing to purchase the kale. This format yielded two dependent variables:
whether the consumers prefer to purchase VI kale, and for the consumers who do purchase, the
price decision on the payment card (WTPi).

We modeled the two dependent variables in separate regressions.10 A probit analysis modeled
the dependent variable bought or not (BONi). We considered three sets of independent variables –
X, Z, and T. X is a vector of variables capturing respondent demographics, Z is a vector of
variables capturing lifestyle variables, and T is a vector of dummy variables capturing the seven
payment card treatments discussed above. All variables were included as binary dummy variables
with the exception of age and state of residence. These variables allow us to determine how their
respective capacities affect the purchasing decision and/or WTP.

To capture the treatment effect, T, seven dummy variables were included (Table 1). The status
quo without arrows (WOA) was chosen as the reference treatment (control). We expected

Table 2. Respondent summary statistics

Respondent demographics Percentage of sample Percentage of population

Florida resident 32.4 34.3

Georgia resident 18.8 17.1

North Carolina resident 15.3 16.6

Tennessee resident 11.2 11.1

Alabama resident 9.6 8.0

South Carolina resident 8.2 8.3

Mississippi resident 4.5 4.6

Female 73.4 51.8

Median age (not a %) 34.0 39.6

White 59.4 56.9

Black 28.2 21.1

Hispanic or Latino 7.2 14.6

Bachelor’s degree 18.7 20.0

Graduate or professional degree 11.2 12.4

Employed fulltime 45.9 56.3

Unemployed 12.0 3.3

9It is important to note that the survey screened for individuals who buy vegetables every month. Therefore, it is likely that a
greater percentage of our sample buys kale than that of the study’s population.

10We also estimate an ordered probit with sample selection to account for the potential sample selection problem (Chiburis
and Lokshin, 2007). However, the LR test indicates that we cannot reject the null hypothesis that the errors for the ordered
probit and probit are uncorrelated. Therefore, we opted to estimate the two equations separately. See De Luca and Perotti
(2011) for more details on the estimation (performed in Stata 17 MP using heckoprobit).
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treatments with greater information to have a positive marginal effect onWTP. An ordered probit
analysis modeled price selection on the payment card. The independent variables are kept the
same as in the prior probit analysis. The dependent variable accounts for all eight price levels as
they decrease from $1.33 to $0.96 by 4% increments. To capture potential correlation, the
standard errors are clustered at the respondent level.

We employed nested regression models to examine how the addition of different vectors of
variables impacts regression results, specifically the treatment variables (Allen, 1997). This process
was completed for both the probit and ordered probit regressions. A total of four regressions
were performed for each decision stage (probit and ordered probit). In the first regression, only
the payment card treatment vector (T) was included as independent variables. To test whether the
marginal effects of treatments change as we add respondent characteristics, the second regression
added the demographic variable vector (X). A third regression added the lifestyle variables
vector (Z) aiming to test whether the treatment variables were capturing respondent lifestyle
decisions. A final fourth regression was estimated that included dummy variables for the state of
residency in addition to the three other variable vectors that sought to capture respondent
characteristics intrinsic to a given state. In all eight regressions, standard errors were clustered at
the respondent level. The accuracy of the nested regressions was compared by Akaike information
criterion (AIC) values. Likelihood ratio (LR) tests11 between the models were conducted as well.

3. Results
Regarding respondents’ food consumption habits, 79.8% indicated that they have purchased at
least one variety of kale before,12 and 13.9% indicated that they follow a vegetarian or vegan diet.
The overwhelming majority (96.3%) were familiar with the term “organic food product.”
On eating locally sourced kale, 54.9% of the respondents preferred local kale, 11.6% did not prefer
local kale, and 33.5% were indifferent to whether kale was grown locally or not.

Respondents were also asked if they were willing to pay a premium for organic kale grown in
the southeastern U.S., and 49.9% indicated they were willing to do so. Around 40% of the
respondents regularly purchase groceries from farmers markets, 33.3% from health food stores,
and 20.9% regularly purchase groceries from both of these markets. Respondents purchased
groceries from other markets at the follow percentages: 81.7% at Walmart; 74.6% at grocery stores;
46.9% at super centers; 24.3% online; and 17.21% from other markets. Approximately 44% of
survey participants had purchased discounted VI produce before. More than 52% of respondents
indicated that they were very likely or likely to eat VI produce at home, while 23.6% of
respondents indicated that they were unlikely or very unlikely to do so. Lastly, 40.6% of the sample
spent more than 51 dollars per month on fresh produce. The above results that are attributed to
variables included in the regression models are summarized in Table 3.

On average, 85% of respondents indicated that they would purchase VI organic kale in the
payment cards, ranging from 84.10% under WAS treatment to 85.79% in WOAS treatment, at the
2% imperfection level. The average WTP for the 2% imperfection level across all payment cards is
$1.12 and the standard deviation is 0.123. This is approximately 21 cents cheaper than the median
retail price of a bunch of kale in the Southeast from January to February 2022 (USDA, 2022). The
average WTP per payment card ranges from a low of $1.112 on payment card WA to a high of
$1.129 on payment card WOA, a difference of only 1.7 cents. Table 4 depicts the share of
respondents that selected each price level by treatment at the 2% imperfection level. Results from
the 10% imperfection level analysis are found in the appendix.

11Non-clustered standard error versions of the models were used in the likelihood ratio tests.
12We reiterate that the survey screened for individuals who buy vegetables every month. Therefore, it is likely that a greater

percentage of our sample buys kale than that of the study’s population.
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Table 5 breaks down WTP selected on payment card WOA at the 2% imperfection level by
demographics. WTP is grouped into three levels: high, medium, and low. The high category
includes price bids $1.33 and $1.28; the medium category includes price bids $1.22, $1.17, and
$1.12; the low category includes price bids $1.06, $1.01, and $0.96; did not buy is included in the
table as well. The pattern of price selection across the demographics is generally consistent, with
most individuals typically selecting the low category of price bids. Notable exceptions to this
pattern are that a greater proportion of males are likely to select the high price bids compared to
females, and that a greater share of individuals with household incomes of less than $75,000
selected the high and medium price bids compared to individuals with household incomes of
greater than $75,000. The consistency of preferences extends across states of residence with the
exception of Mississippi. However, Mississippi residents constitute the lowest representation in
the sample by state of residence.

Based on the AIC and the LR test, model P4, which included the state of residence dummy
variables, provides the best fit at both the 2% and 10% imperfection levels for the probit analysis.

Table 3. Food consumption habits

Questions % “yes”

Have purchased at least one variety of kale before 79.8%

Familiar with the term “organic food product” 96.3%

Follow a vegan or vegetarian diet 13.9%

Prefer locally sourced kale 54.9%

Willing to pay a premium for organic kale grown in the southeast U.S. 49.9%

Purchase groceries from farmers markets 40.4%

Purchase groceries from health food stores 33.3%

Have bought discounted VI produce before 44.4%

Likely or very likely to eat VI produce at home 52.6%

Spend more than 51 dollars per month on produce 40.6%

Table 4. Price selected by payment card, 2% imperfection level

Price selected WOA WOAS WOAL WOASL WA WAS WAL WASL

0.96 14.99% 14.99% 17.57% 15.76% 17.83% 16.39% 15.18% 16.63%

1.01 11.89% 13.18% 12.66% 12.40% 11.81% 10.12% 13.01% 13.49%

1.06 12.66% 21.14% 11.89% 12.40% 10.36% 11.33% 10.60% 9.88%

1.12 11.11% 9.04% 7.75% 8.53% 11.57% 8.67% 11.08% 10.12%

1.17 6.72% 11.37% 8.79% 8.79% 8.67% 11.08% 10.84% 7.71%

1.22 5.94% 7.24% 6.98% 5.94% 7.23% 6.99% 6.99% 7.47%

1.28 5.68% 5.43% 5.43% 5.17% 6.02% 6.27% 6.75% 4.82%

1.33 16.28% 12.40% 13.18% 15.25% 9.64% 13.25% 10.84% 14.22%

WNB 14.73% 14.21% 15.76% 15.76% 16.87% 15.90% 14.70% 5.66%

Total 100% 100% 100% 100% 100% 100% 100% 100%

Note: Total respondent number for the WOA response block (columns 2–5) is 387. Total respondent number for the WA response block
(columns 6–9) is 415.
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On the other hand, model O3, which excluded the state of residence dummy variables, provided
the best fit at both the 2% and 10% imperfection levels for the ordered probit analysis. Thus, the
results from models P4 and O3 are interpreted at both levels of imperfection.

3.1. Purchase or not purchase?

The regression results from the nested probit models (both the estimated coefficients for models
P1, P2, P3, and P4, and the marginal effects for model P4) for the 2% imperfection level are found
in Table 6. The findings indicate that older consumers are less likely to purchase VI kale. Those
who have bought VI produce before and those that stated they are very likely or likely to eat VI
produce at home are more likely to purchase VI kale. Also, those who are willing to pay a premium
for organic kale grown in the southeastern U.S. and those who prefer local products are more
likely to purchase VI kale. Lastly, South Carolina residents are more likely to purchase VI kale.

None of the payment card treatments are statistically significant in any of the models. Thus, it is
concluded that the treatments do not impact respondents’ purchasing decision of VI kale at this
level of imperfection.

3.2. WTP ordered probit models

The regression results from the nested ordered probit models on the kale with a 2% imperfection
area are presented in Table 7. The findings from model O3 are interpreted in this section (model 3
is interpreted in the ordered probit regressions based on the results of the AIC and the LR test).

Table 5. WTP category selected by demographics for payment card WOA

Demographic High WTP Medium WTP Low WTP Will not Buy Total, out of 387

Female 20.2% 25.8% 38.7% 15.3% 287

Male 27.0% 18.0% 42.0% 13.0% 100

Caucasian 22.1% 22.1% 41.3% 14.5% 235

Non-Caucasian 21.7% 26.3% 36.8% 15.1% 152

Bachelor’s degree or higher 22.5% 23.4% 43.2% 10.8% 111

Less than a bachelor’s degree 21.7% 23.9% 38.0% 16.3% 276

Income greater than $75,000 18.8% 19.8% 46.9% 14.6% 96

Income less than $75,000 23.0% 25.1% 37.1% 14.8% 291

Employed fulltime/retired 20.9% 25.3% 39.1% 14.7% 225

Other employment status 23.5% 21.6% 40.1% 14.8% 162

Alabama resident 20.5% 7.7% 53.8% 17.9% 39

Florida resident 19.7% 25.6% 38.5% 16.2% 117

Georgia resident 22.0% 24.4% 35.4% 18.3% 82

Mississippi resident 37.5% 25.0% 37.5% 0.0% 16

North Carolina resident 24.3% 27.1% 37.1% 11.4% 70

South Carolina resident 25.0% 17.9% 46.4% 10.7% 28

Tennessee resident 17.1% 31.4% 37.1% 14.3% 35

Note: The high WTP category includes price bids $1.33 and $1.28; the medium WTP category includes price bids $1.22, $1.17, and $1.12; the
low WTP category includes price bids $1.06, $1.01, and $0.96; did not buy is included as well.
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Table 6. Probit regression results, 2% imperfection level

Variable (P1) (P2) (P3) (P4) Marginal effects

WOAS (2) 0.023 0.017 0.022 0.021 0.004

(0.0682) (0.0711) (0.0788) (0.0803) (0.0152)

WOAL (3) −0.044 −0.052 −0.058 −0.056 −0.011

(0.0728) (0.0755) (0.0841) (0.0853) (0.0168)

WOASL (4) −0.044 −0.058 −0.062 −0.059 −0.012

(0.0658) (0.0690) (0.0770) (0.0781) (0.0154)

WA (5) −0.089 −0.096 −0.175 −0.184 −0.038

(0.1071) (0.1093) (0.1151) (0.1157) (0.0241)

WAS (6) −0.050 −0.049 −0.130 −0.137 −0.028

(0.1078) (0.1095) (0.1156) (0.1159) (0.0236)

WAL (7) 0.001 0.003 −0.055 −0.063 −0.012

(0.1088) (0.1105) (0.1151) (0.1159) (0.0229)

WASL (8) −0.040 −0.038 −0.102 −0.108 −0.022

(0.1080) (0.1097) (0.1146) (0.1150) (0.0231)

Female −0.091 −0.040 −0.045 −0.009

(0.1072) (0.1106) (0.1118) (0.0223)

High_income −0.012 −0.095 −0.103 −0.021

(0.1114) (0.1147) (0.1148) (0.0234)

Race 0.115 0.115 0.115 0.023

(0.0949) (0.0992) (0.1001) (0.0205)

Employed/retired 0.1596* 0.131 0.119 0.024

(0.0967) (0.0986) (0.0992) (0.0202)

High_education 0.172 0.102 0.093 0.019

(0.1113) (0.1115) (0.1123) (0.0229)

Age −0.0189*** 0.0130*** 0.0129*** −0.003***

(0.0029) (0.0030) (0.0031) (0.0006)

Farmers_market 0.138 0.137 0.028

(0.1004) (0.1006) (0.0207)

Health_store 0.131 0.155 0.032

(0.1085) (0.1096) (0.0224)

Bought_VI 0.4330*** 0.4346*** 0.089***

(0.1006) (0.1072) (0.0221)

Aware_organic −0.048 −0.026 −0.005

(0.2351) (0.2380) (0.0487)

Wtp_premium 0.3335*** 0.3532*** 0.072***

(0.0989) (0.0989) (0.0204)

(Continued)

30 Shane Behler et al.

https://doi.org/10.1017/aae.2023.42 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2023.42


Only a few of the treatments, respondent characteristics, and response variables are statistically
significant. The payment card WOAL (3) was statistically significant at 10% and payment card
WA (5) was significant at 5%. Both treatments had negative coefficients.

We found that female respondents are more likely13 to select a lower price on the payment card
than males. Also, respondents willing to pay a premium for organic kale grown in the
Southeastern U.S. and who follow a vegan or vegetarian diet are more likely to select a higher price
on the payment card.

3.3. Analysis of 10% VI organic kale

We conducted the same analyses on the payment cards with the 10% imperfection level. The mean
WTP selection on the payment cards ranged from $1.095 to $1.112, which is slightly less than the
average price selections from the 2% imperfect kale. Consistent with the findings for the 2% VI,

Table 6. (Continued )

Variable (P1) (P2) (P3) (P4) Marginal effects

Veg 0.130 0.109 0.022

(0.1544) (0.1087) (0.0321)

Fifty_spent 0.067 0.053 0.011

(0.0987) (0.0999) (0.0204)

Eat_home 0.3020*** 0.3058*** 0.063***

(0.0937) (0.0945) (0.0192)

Pref_local 0.1913** 0.1811* 0.037*

(0.0962) (0.0961) (0.0196)

Florida 0.123 0.026

(0.1699) (0.0369)

Georgia −0.007 −0.002

(0.1778) (0.0396)

Mississippi 0.434 0.080

(0.2769) (0.0474)

North Carolina 0.065 0.014

(0.1847) (0.0403)

South Carolina 0.5420*** 0.095***

(0.2064) (0.0377)

Tennessee −0.084 −0.019

(0.2011) (0.0461)

Constant 1.0481*** 1.6776*** 0.9080*** 0.8085**

(0.0783) (0.1770) (0.2968) (0.3317)

AIC 2777.353 2660.718 2438.875 2424.003

*p< 0.1; **p< 0.05; ***p< 0.01. Data represent the beta coefficients of the nested probit models. 3,208 observations.

13The estimate of the marginal effects for each of the regressions can be obtained upon request.
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Table 7. Ordered probit regression results, 2% imperfection level

Variable (O1) (O2) (O3) (O4)

WOAS (2) −0.058 −0.055 −0.054 −0.052

(0.0557) (0.0559) (0.0571) (0.0572)

WOAL (3) −0.1003* −0.0979* −0.1003* −0.0997*

(0.0581) (0.0584) (0.0592) (0.0592)

WOALS (4) −0.036 −0.032 −0.033 −0.032

(0.0540) (0.0542) (0.0551) (0.0551)

WA (5) −0.1522* −0.1540* −0.1717** −0.1718**

(0.0802) (0.0805) (0.0820) (0.0824)

WAS (6) −0.033 −0.036 −0.056 −0.057

(0.0813) (0.0818) (0.0828) (0.0830)

WAL (7) −0.073 −0.074 −0.093 −0.094

(0.0788) (0.0794) (0.0801) (0.0805)

WASL (8) −0.069 −0.070 −0.091 −0.092

(0.0820) (0.0821) (0.0830) (0.0834)

Female −0.1577** −0.1276* −0.1384*

(0.0738) (0.0736) (0.0747)

High_income −0.024 −0.088 −0.097

(0.0786) (0.0787) (0.0796)

Race 0.017 0.054 0.052

(0.0638) (0.0670) (0.0679)

Employed/retired 0.075 0.047 0.048

(0.0693) (0.0706) (0.0710)

High_education −0.001 −0.008 −0.001

(0.0787) (0.0788) (0.0794)

Age −0.0060** −0.004 −0.004

(0.0023) (0.0024) (0.0025)

Farmers_market 0.025 0.024

(0.0685) (0.0687)

Health_store 0.070 0.076

(0.0724) (0.0727)

Bought_VI −0.088 −0.087

(0.0739) (0.0736)

Aware_organic −0.213 −0.209

(0.1309) (0.1346)

Wtp_premium 0.2372*** 0.2379***

(0.0721) (0.0726)

(Continued)
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Table 7. (Continued )

Variable (O1) (O2) (O3) (O4)

Veg 0.2612*** 0.2666***

(0.0841) (0.0850)

Fifty_spent 0.058 0.059

(0.0697) (0.0710)

Eat_home 0.036 0.035

(0.0670) (0.0666)

Pref_local 0.096 0.083

(0.0695) (0.0710)

Florida 0.014

(0.1173)

Georgia 0.049

(0.1268)

Mississippi 0.083

(0.1737)

North Carolina 0.099

(0.1319)

South Carolina 0.121

(0.1544)

Tennessee 0.148

(0.1396)

/cut1 −0.9390*** −1.2344*** −1.1200*** −1.0633***

(0.0646) (0.1312) (0.1821) (0.2170)

/cut2 −0.4864*** −0.7761*** −0.6530*** −0.5960***

(0.0646) (0.1290) (0.1811) (0.2163)

/cut3 −0.1369** −0.4233*** −0.293 −0.236

(0.0611) (0.1284) (0.1813) (0.2170)

/cut4 0.1543** −0.130 0.005 0.063

(0.0617) (0.1282) (0.1819) (0.2178)

/cut5 0.4491*** 0.166 0.3077* 0.3652*

(0.0623) (0.1280) (0.1816) (0.2173)

/cut6 0.6992*** 0.4159*** 0.5637*** 0.6216***

(0.0650) (0.1295) (0.1833) (0.2190)

/cut7 0.9511*** 0.6676*** 0.8197*** 0.8781***

(0.0676) (0.1303) (0.1853) (0.2206)

AIC 11,049.81 11,029.39 10,955.05 10,961.08

*p< 0.1; **p< 0.05; ***p< 0.01. Data represent the beta coefficients of the nested ordered probit models. 2,712 observations.
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none of the payment card treatments significantly impacted the purchasing decision (probit
regression). The same independent variables as in the 2% VI probit analysis were found to be
significant in the fourth regression, with the addition of respondents who frequently shop at
health food stores and Mississippi residents. The same independent variables (excluding
Mississippi) were significant in the 10% VI ordered probit analysis, with the addition of
consumers who were aware of the definition of organic, which had negative coefficient. However,
the ordered probit regression revealed significant variations between the treatment effects.
Treatments WOAS (2), WA (5), WAS (6), and WAL (7) were statistically significant in the fourth
regression, and all had negative coefficients.

One of the treatments, with arrow (WA5), was statistically significant at both VI levels.
We depicted the marginal effects in Figure 2. The effects on probability are very similar between
the imperfection levels. Both margin plots reveal that consumers are more likely to select lower
prices compared to the base payment card that lacked arrows.

3.4. Pre-post analysis

The statically insignificant results of the dummy variables on treatments and the marginal effects
raise the question as to whether explicit information on the amount of imperfection would affect
the WTP. Therefore, the effect of informing respondents of the exact percentage of leaf area
impacted by imperfections on WTP was examined using a simple pre-post analysis. This analysis
was only conducted with the 10% visual imperfect kale payment cards in both the with arrow and
without arrow response blocks. We first asked respondents to estimate the level of VI in the
picture shown in the 10% VI payment cards. Then, we inform them of the true VI level. In the
“with arrow” response block, 25.30% of the respondents selected the correct VI level; 26.36% of
respondents selected the correct VI level in the “without arrow” response block. Then, we asked
them to provide their WTP for 10% VI organic kale if they initially chose to purchase it. Many
respondents did not alter their WTP after the information was presented: 57% respondents who
reported a WTP of $0.96 to payment card WOA (1) reported the same WTP post-information.
In the arrow treatment block, 52% respondents who originally selected $0.96 on payment card
WA (5) did so again.

However, there were some substantial shifts in WTP after the imperfection information was
presented. In the without arrows response block, 45.6% of respondents who did not previously
purchase did so after the imperfection rate was presented; 32.8% of respondents who had
previously chosen to purchase did not purchase after the imperfection rate was presented.
Likewise, in the arrow response block, 33.3% of respondents flipped from not purchasing to
purchasing and 28.8% of respondents flipped from purchasing to not purchasing after the
imperfection rate was presented.

Figure 2. Marginal effects of “arrows” at the 2% and 10% imperfection levels.
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3.5. Profitability analysis

We perform a profitability analysis using the mean price selection for respondents who chose to
purchase on the control payment card (WOA) at the 10% imperfection level. Mean price selection
was determined to be $1.10, which implies that consumers, on average, expect a $0.23 discount to
purchase organic kale with this imperfection rate.14 An organic kale producer indicated to us in
conversation that they anticipate that, on average, 10% of kale goes unharvested due to visual
imperfections. Based on a Clemson University (CU) Enterprise budget15 on conventional and
organic kale, farmers received, on average, $0.58 per bunch of organic kale and produce a yield
almost 17 thousand non-VI bunches per acre.16 We assume that the farmer would receive a price
per bunch of $0.35 for VI organic kale given the results from our payment card analysis. If 10% of
kale bunches remain unharvested because of imperfections, this represents a lost yield of an
estimated 1,860 bunches. Therefore, at the discounted price we estimate an unrealized gross
revenue of $651 per acre. Total harvest and post-harvest costs per acre add to $3,552.24 per acre,
resulting in an additional cost of $393.5817 per acre to harvest the VI kale. Then, the estimated
profit per acre of harvesting VI organic kale with VI rates between 2% and 10% is $257.42 per acre.
Provided they have access to the markets that are willing to sell VI organic kale, these estimates
using the WTP results and CU budget indicate that there are unrealized profits.

4. Discussion and conclusions
Every year, a substantial amount of food production is not harvested because of cosmetic
regulations in grocery stores and consumers reluctance to purchase VI produce. This
phenomenon accentuates the negative externalities associated with agriculture and represents
lost economic opportunities. However, recent efforts have been made in marketing VI food
products. For example, grocery stores have started selling fresh produce and vegetables that are
misshapen or have other visual imperfections. Nevertheless, there is limited research examining
consumers’ preferences and WTP for leafy green vegetables with visual imperfections. We extend
this literature by examining consumer WTP for organic kale with visual imperfections using data
from an online survey instrument (n = 802).

Results from the purchase decision (probit model) and pricing decision (ordered probit)
indicate that none of the messaging techniques increase the likelihood of purchase or lead to a
higher WTP. This finding differs from the results of other WTP studies on VI produce found in
the literature (Grewal et al., 2018; Hartmann et al., 2021). We find that in some cases messaging
lowered reportedWTP. While a majority of studies examining the WTP for organic food products
found locality of production to have a significant increase on WTP, the finding is not unanimous
in the literature (Katt and Meixner, 2020). The impacts of food safety concerns on WTP for
organic foods are less clear (Katt and Meixner, 2020). There is a scarcity of research on consumer
WTP for VI and/or organic leafy green vegetables. It is plausible that the factors affecting
consumerWTP for these products differ from other more heavily studied VI foods, such as carrots
or potatoes. Addition research examining WTP for VI/organic leafy green vegetables will better
elucidate the factors that affect consumer WTP for these products.

The implication of the finding that messaging on safety and locality of production do not
increase reported WTP is notable for potential markets of VI organic kale. Caution should be

14This discount was calculated by subtracting the mean price selection on payment cardWOA at the 10% imperfection level
($1.10) from the median price per bunch of organic kale ($1.33).

15Research on the CU Enterprise Budget is ongoing. Contact information for the researchers will be made public once the
budget is published.

16Assuming that the yield reported in the budget already accounts for the 10% losses, the 10% loss is then equivalent to
1,860 bunches that go unharvested because of visual imperfections.

17This estimate is based on the cost per acre per bunch of $0.212 ($355.24/16,800 harvested bunches).
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practiced when investing in messaging, labels, or marketing techniques that highlight the safety of
consumption or localness of production for this product.

We also find that highlighting the specific areas of imperfections reduces reported WTP.
In a supermarket setting, sellers would not be able to use arrows to highlight the areas of
imperfections on a kale leaf. While it would be feasible for online grocers to highlight
imperfections, our results indicate that this approach may not be necessary. The results
derived from the pre-post information analysis confirm this finding. When faced with the
exact knowledge of the level of imperfection, most consumers altered their price selection by
either a small margin or not at all. While some consumers switched their purchasing decision
after the information was presented, a nearly even amount switched from buying to not
buying and vice versa.

Prior purchases of VI produce and a stated willingness to eat VI produce at home are found to
significantly increase the likelihood of purchasing VI organic kale. These findings highlight the
importance of initial exposure to VI produce to ensure continued acceptance of these products.
The ambiguity of the term “produce” is crucial in this analysis: respondents did not have to have
previously purchased VI organic kale specifically or be willing to eat only VI organic kale at home
to be more likely to purchase VI organic kale. This indicates that experiences with any type VI
produce will likely increase the probability of purchase for a variety of other types of VI produce.
Therefore, our findings demonstrate the importance of gaining consumer acceptance toward any
type of VI produce. Programs that educate the public about VI produce, provide free samplings of
VI produce, and/or encourage the serving of VI produce in restaurants and/or grocery stores can
potentially increase overall acceptance of these products.

We did not determine WTP for VI organic kale to be higher among respondents who
frequently shop at farmers markets or health food stores. These respondents were also not found
to be more likely to purchase VI organic kale. However, we did find that respondents with vegan
or vegetarian dietary preferences had a higher WTP for VI organic kale. This has a significant
implication on marketing techniques for VI organic kale. Selling VI organic kale in stores that
specifically cater to consumers with vegan/vegetarian dietary preferences or in aisles of larger
grocery stores featuring other plant-based food items could be a successful strategy toward
increasing VI organic kale sales.

The results from our profitability analysis indicate that it can be profitable for organic kale
producers to harvest and sell organic kale with VI rates between 2% and 10% at the price point
preferred by survey participants. Thus, even if farmers are unable to sell this kale through grocery
stores because of cosmetic standards, they are recommended to sell directly to consumers through
farmers markets and/or other markets.

There are several limitations to our work that we would like to address. A potential source of
bias in our sample may have been caused by screening for participants who stated that they
purchased vegetables at least once a month. This strategy may have resulted in sample that is more
health conscious and more environmentally aware than the general population of the S.E. United
States. It is feasible that the prices and availability of substitute products affect WTP for organic VI
kale; unfortunately, the payment card methodology does not allow us to directly capture this
potential effect. Future research should consider alternative ways of estimating WTP that allows
researchers to account for substitutes.

The online format of our survey did not allow us to capture how physical factors other than
appearance (such as taste) affect WTP. While studies indicate that results from in-person and
online data collection do not differ considerably (Lindhjem and Navrud, 2011), future research
should consider testing whether this has any impact on WTP for VI produce.

Future research could further examine WTP for VI produce using latent class models. The
model would allow researchers to determine expenditure share on imperfect produce across
different demographics, which would aid markets in identifying consumers most willing to pay
higher prices for VI produce.
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Appendix

Table A1. Price selected by payment card, 10% imperfection level

Price selected WOA WOAS WOAL WOASL WA WAS WAL WASL

0.96 17.83% 21.45% 18.86% 21.45% 22.89% 21.20% 21.93% 19.52%

1.01 11.11% 12.66% 13.44% 9.56% 12.29% 13.49% 11.08% 12.05%

1.06 12.14% 10.59% 11.63% 12.14% 9.16% 9.88% 11.33% 11.08%

1.12 9.82% 9.04% 9.56% 8.01% 11.57% 9.40% 9.16% 8.92%

1.17 5.94% 5.94% 8.01% 6.46% 5.30% 6.99% 6.75% 6.99%

1.22 3.88% 5.43% 5.68% 5.68% 5.06% 6.99% 5.78% 6.27%

1.28 4.65% 3.88% 2.07% 3.36% 3.37% 2.17% 3.86% 3.37%

1.33 13.18% 11.37% 11.63% 13.44% 10.60% 10.12% 10.60% 10.12%

WNB 21.45% 19.64% 19.12% 19.90% 19.76% 19.76% 19.52% 21.69%

Total 100% 100% 100% 100% 100% 100% 100% 100%

Note: Total respondent number for the WOA response block (columns 2–5) is 387. Total respondent number for the WA response block
(columns 6–9) is 415.
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