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AssTrACT. This study investigates consumer preferences and willingness to pay (WTP)
for novel local food, specifically focusing on cold-hardy table grape cultivars. We
conducted the second-price auction with 99 Minnesota participants to compare their
preferences and WTP for five newly developed cold-hardy table grapes and three
existing warm-climate table grapes. Comparing participants’ bids for novel cold-hardy
table grapes to existing warm-climate table grapes, we construct three segment groups:
“like all new grapes,” “mixed,” and “dislike all new grapes.” The majority of
participants (81%) belong to “like all new grapes” and “mixed” groups, indicating a
potential market opportunity for the novel local cold-hardy grape cultivars. We also
conduct WTP estimates for each table grape cultivar. In addition, by examining the
differences in attribute ratings, sociodemographics, table grape purchasing behaviors,
and attitudes toward novel foods among three groups, we provide valuable insights
into factors that influence consumer WTP for these novel local cold-hardy table grapes
and discuss corresponding strategies for promoting and expanding the market.

rapes have a long-standing his-

tory as a significant economic

commodity, making substantial
contributions to the overall economy.
In 2021, the United States produced a
total of 6.05 million tons of grapes for
commercial purposes, with a total value
of $5.53 billion. California, renowned
for its favorable climate, has long been
recognized as the leading grape-growing
state, accounting for 5.75 million tons
of the total grape yield (National Ag-
ricultural Statistics Service 2022). Al-
though grapes have the potential to
grow in various climate zones across
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the United States, the cultivation of spe-
cific grape varieties for wine, eating, or
juice production is limited to specific
geographic regions (Agricultural Mar-
keting Resource Center 2023). Grape-
vines thrive in climates with long, warm
summers and rainy winters. The pres-
ence of warm weather during the grow-
ing season is essential for grapevines to
undergo flowering, fruit set, and ripen-
ing processes successfully. Most of the
successful table grape varieties, such as
Thompson seedless, Flame, and Red
globe, are primarily cultivated in warm
climate regions.

Although the thriving grape pro-
duction highlights the economic sig-
nificance and agricultural prowess of
the US grape industry, it also raises
concerns regarding the cost, carbon
footprints and environmental impacts
resulted from long-distance transpor-
tation. In response to these challenges,
local production is increasingly favored
by consumers, presenting a potential
solution. The demand and preference
for locally grown food among consum-
ers has risen for decades, driven by the
increasing popularity of the “locavore”
movement. This growing trend has
triggered extensive empirical research
on consumer behavior and preferences
regarding the “local” attribute of food,
as demonstrated in a meta-analysis con-
ducted by Printezis et al. (2019). The
findings of these studies consistently in-
dicated that consumers were generally

willing to pay a premium for local food.
Feldmann and Hamm (2015) con-
ducted a review from the consumers’
perspective and found that although
local food was not perceived to be as
expensive as organic, consumers were
willing to pay a premium for it. This
finding aligns with the finding of Yue
and Tong (2009), who found that
consumers exhibited a similar willing-
ness to pay (WTP) for “organic” and
“local” attributes for fresh produce.
Several studies suggested that con-
sumers placed a greater value on local
production compared with organic pro-
duction for fresh produce (Costanigro
et al. 2011; Hu et al. 2009). Moreover,
Onozaka and McFadden (2011) re-
ported that consumers placed a higher
value on local claims compared with
other value-added claims. In addition,
Costanigro et al. (2014) revealed that
local and organic were partial sub-
stitutes, and they both offered an al-
ternative to the conventional food
system.

Preliminary data from the Minne-
sota Grape Breeding Program and ad-
ditional table grape programs in other
states suggest that there is an enthusi-
astic market for locally grown table
grapes (Clark et al. 2019; Tuck and
Gartner 2013). Moreover, with ad-
vancements in breeding programs, there
is an increasing focus on developing
new cold-hardy table grape cultivars
that can expand the range of suitable
growing regions (Cornell University,
2018). In recent years, the Minnesota
table grape breeding team has made sig-
nificant advancements in breeding new
cold-hardy table grapes and developed
potential table grape cultivars that are an
improvement over earlier varieties with
desirable quality and cold-storage attrib-
utes (Treiber et al. 2022). New table
grape varieties for cold climate will pro-
vide locally produced, healthy food for
consumers while also creating opportu-
nities for farmers and strengthening ru-
ral economies.

Although we have anecdotal evi-
dence that consumers are willing to
pay higher prices for locally grown ta-
ble grapes (i.e., Somerset Seedless, a
locally grown cold-hardy table grape,
was priced at $3 per pound, which
was significantly higher than the aver-
age price of $0.82 per pound for wine
grapes reported during the same year;
Clark et al. 2019), we will need a better
understanding of how much they are
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willing to pay for various local grape va-
rieties. Given the climatic conditions of
Minnesota (USDA cold hardiness
Zone 4a to 5a), cold-hardy table
grapes exhibit distinct characteristics
compared with traditional warm-
climate table grapes due to the hybrid
nature relying on other Vitis species
beyond V. vinifera (Clark et al. 2019;
Treiber et al. 2022). This is true of
the cold-hardy wine grapes developed
at the University of Minnesota such as
Frontenac, La Crescent, Marquette,
and Itasca, which are dominant varie-
ties with multiple species in their back-
grounds contributing to cold hardiness
as well as disease resistance and fruit
quality traits. Notable differences in-
clude unique flavor and aroma com-
pounds found in V. labrusca such as
methyl anthranilate, a smaller berry
size, and the round shape, are typi-
cally observed in cold-hardy species
like V. viparia. These adaptations en-
able the grapes to withstand colder
temperatures and thrive in cooler cli-
mates, ensuring their successful culti-
vation in regions where traditional
varieties may struggle. However, there
is limited information available regard-
ing consumer preferences for these
novel cold-hardy table grapes. Con-
ducting a comprehensive analysis to
determine consumer WTP for locally
grown table grapes will provide valu-
able insights into potential earnings
and market performance. WID re-
search is particularly crucial for new
products or novel product attributes
that lack historical information (Lusk
and Hudson 2004). It helps explore
consumer product adoption, pricing
decisions, and market feasibility. The
findings from this analysis can be
used to set prices, guide growers in
cultivar selection, and ensure new
products’ alignment with consumer
preferences.

In this article, we aim to determine
consumer WTP for new table grape
cultivars through an experimental auc-
tion that incentivizes participants to
truthfully reveal their preference and
WTP. Specifically, we run second-price
auctions on both the existing warm-
climate and novel cold-hardy table grape
cultivars and compared consumer pref-
erences for them. In our analysis, par-
ticipants were segmented into groups
based on their bids. We calculated the
WTP for each table grape cultivar and
further explored differences in attribute
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ratings, sociodemographics, table grape
purchasing behavior, and attitudes
toward novel foods among these
segmented groups using analysis of
variance (ANOVA) analyses and Stu-
dent ¢ tests. To our knowledge, no
studies have investigated these aspects
for a local cold-hardy table grape mar-
ket in the midwestern United States.
The outcomes of this research will
provide valuable insights into opti-
mizing profitability for table grape
production by advising farmers on se-
lecting grape varieties that align with
market demand.

Methods

Propucrts. The Minnesota Grape
Breeding Program has developed ad-
vanced cold-hardy table grape selections
(i.e., cultivars) that have improvements
over earlier cultivars (Clark et al. 2019;
Treiber et al. 2022). Notable cultivars
include four novel, cold-hardy table
grape cultivars, MN 1325, MN 1296,
MN 1369, and MN 1376, and one
currently market-available novel cold-
hardy table grape cultivar, Somerset
Seedless, developed by Elmer Swenson
(Table 1). To elicit consumer prefer-
ence and WTP for these novel cold-
hardy table grapes and compare
them to existing warm-climate table
grape cultivars, we included a total
of eight table grape cultivars in our
study, including aforementioned five
cultivars and three existing warm-
climate cultivars purchased in the
marketplace.

MN 1325 is a black grape cultivar
with a trace of seeds. It has an average
cluster length of 14.36 ¢cm and a rela-
tively higher average cluster weight of
158.72 g (~0.35 lb). The compact-
ness measurement of 0.77 indicates a
medium compact cluster structure. The
average berry weight for MN 1325 is
144 g, and the average berry size is
1347 mm in diameter. In terms of
quality, MN 1325 shows an average sol-
uble solids content (SSC; an indicator of
sugar content) value of 23.83 °Brix, and
its average total acidity (TA) stands at
11.35 g/L. The ratio of SSC and TA,
also known as maturity index, suggests a
moderately sweet flavor.

MN 1296 is a light red grape va-
riety with a trace of seeds. It has an av-
erage cluster length of 15.82 ¢cm and
an average cluster weight of 88.8 g
(~0.20 1b). Compared with MN
1325, MN 1296 is identified as less

compact with a compactness mea-
surement of 0.35. The average berry
weight of MN 1296 is 1.65 g, and
average berry size is 13.34 mm in
diameter. In addition, MN 1296 has
an average SSC value of 22.07 °Brix
along with a moderate average TA
level of 3.37 g/L, resulting in a sweet
flavor.

MN 1369 is a green-yellow, seed-
less grape variety that shares a similar
average cluster length of 13.88 cm
with MN 1296. It displays an average
cluster weight of 124.38 g (~0.27 Ib)
and a compactness value of 0.63, indi-
cating a medium compact cluster. The
average berry weight for MN 1369 is
2.02 g, and it has a slightly larger aver-
age berry size of 13.88 mm. In addi-
tion, MN 1369 shows an average SSC
value of 21.47 °Brix, along with an av-
erage TA level of 5.75 g /1, suggesting
a balanced sweetness flavor.

MN 1376 is a green-yellow, seeded
grape variety with an average cluster
length of 15.92 cm and an average clus-
ter weight of 177.77 g (0.39 Ib). It has
a medium compact cluster with a com-
pactness value of 0.7. The average berry
weight is 1.52 g, and the average berry
size is 13.11 mm. It has an average SSC
value of 18.13 °Brix and an average TA
level of 6.51 g/L, indicating a balanced
sweetness flavor.

Somerset Seedless is a light-red,
seedless grape variety with an average
cluster length of 13.52 cm and an
average cluster weight of 122.25 g
(0.27 1b). It has a medium compact
cluster with a compactness value of
0.67. The average berry weight is
1.46 g, and the average berry size is
13.11 mm. It has an average SSC value
of 18.97 °Brix and an average TA level
of 5.47 g/L, suggesting a balanced
sweetness flavor.

The three warm-climate table grape
cultivars purchased in-store were in red,
green, and black colors, hereafter be re-
ferred to as store red, store green, and
store black, respectively. They are all
seedless grape varieties with an average
cluster length ranging from 19.02 to
25.06 cm. The store red and store green
grapes are considered medium compact
clusters, whereas the store black grape is
a compact cluster. The average berry
weights of these grapes are larger than
previous cold-hardy table grapes, ex-
ceeding 7 g, and they have a large aver-
age berry size of more than 20 mm.
Their average SSC values range from
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Table 1. Illustration of novel cold-hardy table grape cultivars developed by the Minnesota Grape Breeding Program.
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Name MN 1325 MN 1296 MN 1369 MN 1376 Somerset Seedless
Color Black Light red Green-yellow Green-yellow Light red
Seed Seed trace Seed trace Seedless Seeded Seedless
Average cluster 14.36 15.82 13.88 15.92 13.52
length (cm)
Average cluster 158.72 88.8 124.38 177.77 122.25
weight (g)
Average compactness 0.77 0.35 0.63 0.7 0.67
Average berry 1.44 1.65 2.02 1.52 1.46
weight (g)
Average berry size 13.47 13.34 13.88 13.11 13.11
(mm)
Average soluble 23.83 22.07 21.47 18.13 18.97
solids content
(°Brix)
Average total acidity 11.35 3.37 5.75 6.51 5.47
(g/L)

18.80 to 21.37 °Brix, and their average
TA levels range from 2.54 to 3.58 g/L,
suggesting a sweet flavor.

EXPERIMENT SETUP AND PROCEDURE.
We conducted an experimental auction
to investigate consumer preferences
and WTP for eight table grape culti-
vars in Minnesota in Sep 2022. We
recruited 101 participants through
various social media outlets. Partici-
pants had to be at least 18 years old
and produce purchasers to be eligible
for the experiment. All participants
were compensated $40 for an hour-
long session, while auction winners
received the 16-ounces table grapes
they won and a payment of $40 minus
the market price (which was deter-
mined in the experimental auction) of
the table grapes. We held eight ses-
sions over 2 d, with an average of 15
participants per session. We dropped
two participants whose bids were out-
liers. Thus, the final sample consists of
99 participants and 792 bids on eight
samples. We have obtained institu-
tional review board approval for our
study.
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We conducted a Vickrey second-
price auction (hereinafter referred to
as second-price auction) in which all
bids are sealed and the highest bidder
wins the auction but pays the second-
highest bid (Lusk and Shogren 2004;
Vickrey 1961). Since the second-price
auction sets the market price to be in-
dependent from what the individual
bids, people have the incentive to re-
veal their preference and WTIDP truth-
fully (overcoming the hypothetical bias).
During the hour-long session, we began
by introducing participants to the second-
price auction with concrete examples
and practice questions. Additionally,
we administered a quiz to test partici-
pants’ knowledge and ensure their com-
prehension of the auction procedures.
Each participant received eight coded
plastic containers containing two berries
from each table grape cultivar for them
to taste before bidding. At the same
time, eight coded packages of 16-oz
samples were displayed on a large table
so that participants could walk around
and examine a commercial packaging
display while tasting and bidding. To

avoid order effect, we prepared two ver-
sions of questionnaires that randomized
the order of the eight table grape culti-
vars and participants could also start their
evaluation from any sample.

Participants were asked to write
down their bids for each of the 16 oz
of table grapes. In each session, after
all participants submitted their bids,
the moderator sorted the bids and de-
termined the market price and winner
for each sample. The winner purchased
the sample they won at the market price.
In the meantime, participants were asked
to rate a comprehensive set of table grape
attributes on a 7-point Likert scale for
each sample, ranging from “dislike very
much” to “like very much” with a mid-
point of 4 indicating neither like nor dis-
like. Following the bidding procedure,
participants were asked to complete a
survey regarding their attitudes toward
new, different, or innovative foods, also
using a 7-point Likert scale ranging from
“strongly disagree” to “strongly agree,”
with four being neither agree nor dis-
agree with the statements. Addition-
ally, we collected information about
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participants’ table grape purchasing
behaviors, such as the frequency of
consuming table grapes and their pre-
ferred purchase locations, and socio-
demographic information.

MEeTHODS. To compare consumer
preference for these novel cold-hardy
table grape cultivars to existing warm-
climate table grape cultivars, we calcu-
lated the average bids of three existing
warm-climate table grape cultivars for
cach participant and compared it to
participant’s bids for the five novel
cold-hardy table grape cultivars. We
then segmented the participants into
three groups. Specifically, participants
whose bids for all five novel cold-
hardy table grape cultivars exceeded
the average bid of three existing warm-
climate table grapes were classified as
the “like all new grapes” group; partici-
pants whose bids for all five novel cold-
hardy table grape cultivars fell below the
average bid of three existing warm-
climate table grape cultivars were cate-
gorized as the “dislike all new grapes”
group; participants who expressed a
preference for both novel cold-hardy
table grape cultivars and the existing
warm-climate table grape cultivars were
grouped separately as the “mixed”
group.

To estimate WTP for sample ta-
ble grape cultivars, we employed a lin-
ear model controlling for individual
fixed effects as follows:

where Bj; is the dependent variable
representing the bids (US$) for a 16-
oz table grape cultivar coded j for
practitioner ¢, §; is a vector of table
grape cultivar dummies; O;; represents
the experiment order indicator; m,; is
the individual fixed effect; and €;; is an
error term. We performed the estima-
tions for all participants and each seg-
mented group, respectively. We also
conducted ANOVA analysis to exam-
ine differences in attribute ratings and
used Student ¢ test to explore the effect
of attitudes toward new, different, or
innovative foods; table grape purchas-
ing behaviors; and sociodemographics
across the three groups.

Results

SUMMARY STATISTICS OF SURVEY
PARTICIPANTS. Table 2 presents de-
scriptive statistics of participants’ so-
ciodemographic background and their
table grape purchasing behaviors. In our
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Table 2. Summary statistics for participants in the second-price auction (N = 99).

Mean % of
(SD) Frequency  sample

Age, years 3.62 (1.50)

1 = 18-30 10 10.1

2 = 3140 17 17.2

3 = 41-50 18 18.2

4 = 51-60 19 19.2

5=61-70 26 26.3

6 ==70 9 9.1
Gender 0.76 (0.42)

1 = Female 76 76.8

0 = Male 23 23.2
Education 0.35 (0.48)

1 = College diploma and higher 35 354

0 = Other 64 64.7
Marital status 0.69 (0.47)

1 = Married 68 68.7

0 = Other 31 31.3
Household size 2.14 (1.08)

1 people 31 31.3

2 people 41 42 .4

3 people 11 11.1

4 people 14 14.1

5 people 2 2.0
Presence of children under 12 years at home  0.14 (0.35)

1 = Yes 14 14.1

0 = No 85 85.9
Household income 2.32 (0.78)

1 = $50,000 or under 19 19.2

2 = $50,001-$100,000 29 29.3

3 = >$100,000 51 51.5
Employment status 0.67 (0.47)

1 = Full time/part time 66 66.7

0 = Other 33 33.3
Environmental group membership 0.19 (0.39)

1 = Yes 19 19.2

0 = No 80 80.8
Frequency of fresh table grape consumption 1.93 (0.73)

1 = Once a week or more 30 30.3

2 = Once a month or more 46 46.5

3 = Less than once a month 23 23.2
Frequency of fresh table grape purchasing 2.08 (0.72)

1 = Once a week or more 20 20.2

2 = Once a month or more 53 53.5

3 = Once every half year or more 24 24.2

4 = Less than once every half year 2 2.0
Weight of fresh table grape when purchase 1.46 (0.50)

1 =160z 53 53.5

2 = More than 16 oz 46 46.5

sample, the average age of participants
was 51 to 60 years. Approximately 76%
of participants were female, ~35% of
participants held a collage diploma or
higher educational level. The majority
of participants were married, and their
houschold sizes varied from one to five
people. Approximately 14% of partici-
pants had children under 12 years old.
In terms of housechold income,

slightly more than half of participants
reported an annual income of more
than $100,000, and 67% had ecither a
full-time or part-time job. Additionally,
~19% of participants were members of
an environmental group.

We also collected information
on participants’ table grape purchas-
ing behaviors. Most of participants
reported consuming and purchasing
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Percentage (%)
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10

I Discount stores (e.g. Aldi, Trader Joes)
High end specialty stores (e.g. Lunds)

[ supermarket (Rainbow, etc.)

I Mass-merchandiser (e.g. Wal-Mart, K-Mart)

I Roadside stand, farmer’s market, or local outdoor vendor
Cooperatives (e.g. Mississippi market)

Fig. 1. Participants’ primary table grapes purchasing locations, allowing for

multiple choices.

table grapes more frequently than once
a month. When purchasing table
grapes, slightly more than half of the
participants preferred a 16-oz weight.
Regarding their preferred purchase
locations (Fig. 1), most participants
preferred purchasing table grapes from
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discount stores, high-end and specialty
stores, and supermarkets. Other market
channels, such as mass-merchandiser,
roadside stands, farmer’s market, or
local outdoor vendors and coopera-
tives, each accounted for less than 20%
of participants’ table grape purchases.
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CONSUMER WILLINGNESS TO PAY
FOR TABLE GRAPES. Figure 2 shows
the distribution of bids using density
plots for each table grape cultivar,
with the dashed line representing the
mean value. The first column presents
the bids for three existing warm-cli-
mate table grapes purchased from
stores, whereas the second and third
columns display the bids for novel
cold-hardy table grapes. Table grapes
within the same row share a similar
color. The distribution curves illus-
trate the frequency of bids at various
price points, allowing for an examina-
tion of the distribution’s shape, range,
and any distinctive patterns.

Overall, the bids for all table grape
cultivars exhibit a left-skewed distribu-
tion, with the mean bids centered
~82. The majority of participants
were willing to pay between $0 and
$4 for a 16-oz table grape package
with a long tail to the right. How-
ever, table grape cultivars’ bids showed
different patterns in terms of range,
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Fig. 2. Distribution of bids (US$) for 16 ounces of table grape by cultivar in the second-price auction, with the mean bid for

each cultivar indicated by the dashed line.
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number of peaks, and clustering ten-
dency. First, MN 1376, and MN 1369
had the highest maximum bids, reach-
ing ~$8, whereas most other cultivars
had maximum bids ~$6. Second, re-
garding the number of peaks, MN
1296 had two distinct peaks, one below
$2 and the other above $2. On the
other hand, MN 1369, Somerset Seed-
less, and store black cultivars had a sin-
gle peak exceeding $2, whereas others
had a single peak around or below $2.
Third, the bids for three warm-climate
table grape cultivars exhibited a higher
degree of clustering, with bids more
tightly clustered around the peak points,
and the frequencies at the peaks exceed-
ing 40%. This suggests that participants
had more consistent valuations and pref-
erences for these warm-climate cultivars.
In contrast, the bids for the novel cold-
hardy grape cultivars were more spread
out, with frequencies at the peak point
being less than 30%, except for MN
1376.

We report the mean and standard
deviation (SD) of bids for each table
grape cultivar in Table 3. In the first
column, on average for all partici-
pants, MN 1369 received the highest
mean bid ($2.56), indicating a stron-
ger preference for this cultivar. Store
black, Somerset Seedless, store green,
store red, and MN 1296 also received
average bids higher than $2. However,
MN 1376 and MN 1325 received rela-
tively lower average bids, indicating a
lower preference among participants.

Table 3 also reports the mean and
SD of bids for each cultivar by participant
segments. Participants were segmented
based on their bids for novel cold-hardy
table grape cultivars compared with the
average bid of three existing warm-
climate table grape cultivars. Out of all
participants, 21% expressed preferences
for all novel cold-hardy table grape culti-
vars. On the other hand, 19% of partici-
pants disliked all novel cold-hardy table
grape cultivars. The majority of partici-
pants (61%) had mixed preferences for
novel cold-hardy table grape cultivars,
indicating varying levels of preference
within this group.

We observed distinct bidding pat-
terns among different segment groups.
The “like all new grapes” group had
overall higher bids for novel cold-hardy
table grape cultivars. In this group,
Somerset Seedless had the highest aver-
age bid of $3.07, followed by MN
1369, MN 1325, MN 1296, and MN
1376. On the other hand, participants
in the “dislike all new grapes” group
showed considerably lower bids, aver-
aging ~$1; however, Somerset Seedless
and MN 1369 stll received relatively
higher bids compared with the other
cultivars. The largest participant group,
the “mixed” group, exhibited varying
preferences. Within this group, MN
1369 received the highest average bids,
followed by Somerset Seedless and one
of the warm-climate table grape cultivars—
store black table grapes. To examine
the differences in bids among the
three segment groups further, we

conducted an ANOVA analysis. The
obtained P values indicate statistically
significant differences in bids for each
cultivar among the three groups. It is
noteworthy that the mean bids for MN
1376, MN 1296, and MN 1369 were
similar between “like all new grapes”
and “mixed” groups, with the main
difference driven by the lower mean
bids from the “dislike all new grapes”
group.

Table 4 presents the results of the
WTP estimation of 16 oz of table
grapes for all participants and each
segment group. The constant term
represents the WTP for the reference
group, which is the store red table
grape cultivar. In comparison with es-
timated WTP of $2.07 for store red
table grape among all participants, the
values were $1.18 for participants who
like all new grapes, $2.22 for the mixed
group, and $2.57 for participants who
dislike all new grapes.

Consistent with the findings in
Table 3, the “like all new grapes” groups
exhibited significantly higher WIP for
several novel cold-hardy table grape cult-
vars. Somerset Seedless had the highest
WTP at $2.97, which was $1.79 higher
than store red ($1.18). Following closely,
WTP estimate for MN 1369 was $2.93,
which was $1.75 higher than store red.
MN 1325 had a WTP estimate of $2.66,
which was $1.48 higher than store red.
The WTP estimates for the other two cul-
tivars, MN 1376 and MN 1296, were
~$1 higher than store red.

Table 3. Summary of bids (US$) for 16 oz of table grapes by cultivar and segment group in the second-price auction.

Segment groups

All Like all - Dislike all
participants new grapes’ Mixed" new grapes' p
M SD M SD M SD M SD value
Novel cold-hardy table grape cultivars
MN 1376 green 1.96 1.47 2.25 1.16 2.20  1.60 0.91 0.79 <0.01
Somerset seedless red 2.38 1.47 2.96 1.28 257 146 1.14 1.00 <0.01
MN 1325 black 1.84 1.36 2.66 1.21 1.81 1.37 1.05 0.93 <0.01
MN 1296 red 2.01 1.44 2.24 1.37 223 144 1.02 1.12 <0.01
MN 1369 green 2.56 1.50 2.92 1.27 290 1.44 1.10 0.99 <0.01
Existing warm-climate table grape cultivars
Store black 2.52 1.33 1.75 1.02 2.63 1.25 3.05 1.56 <0.01
Store green 2.10 1.27 1.17 0.64 2.15 1.21 2.99 1.34 <0.01
Store red 2.07 1.32 1.18 0.75 222 127 2.56 1.55 <0.01
Percentage of the participants 21.21 59.60

«“Like all new grapes” includes participants whose bids for all five novel cold-hardy table grape cultivars exceeded the average bid for three existing warm-climate

cultivars.

i «Mixed” refers to participants who preferred both novel and existing cultivars.
" “Dislike all new grapes” includes those whose bids for all five novel cultivars fell below that average.
Participants were segmented based on their bids for novel cold-hardy table grape cultivars compared with the average bid of three existing warm-climate table grape culti-

vars. Each column of mean values represents the average bid of participants in that group. P value determined by analysis of variance.

Horllochnology + August 2025 35(4)

569

/0 ¥7/0U-Aq/sasua9l|/B10 suowwooaAleald//:sdny (/0 7/0u-Aq/sesuadl|/B10° suowwooaAleald//:sdyy) asual|
JN-Ag DD 9y} Japun pajnguisip djole ssaooe uado ue s siy] '$se00y uadQ BIA | Z-/0-GZ0Z 18 /wo9o Alojoejqnd poid-awnid-ylewlsyem-jpd-awiid//:sdpy wol papeojumoq



Table 4. Willingness to pay (US$) estimation for 16 oz of table grapes by segment
group in the second-price auction.

Segment groups
Like Dislike
All all new all new
participants grapes Mixed grapes

@) (2) 3) 4)

Constant 2.07*¥* 1. 18%kk 222wk D [7kkE
(0.11) (0.18) (0.14) (0.20)
Novel cold-hardy table grape cultivars
MN 1376 green —0.10 1.07*** —0.02  —1.66***
(0.16) (0.26) (0.19) (0.29)
Somerset seedless red 0.31** 1.79%** 0.35% —1.43%**
(0.16) (0.26) (0.19) (0.29)
MN 1325 black -0.22 1.48%** —(0.41%% —]1.52%%*
(0.16) (0.26) (0.19) (0.29)
MN 1296 red —0.06 1.06%** 0.02  —1.54%**
(0.16) (0.26) (0.19) (0.29)
MN 1369 green 0.49%**  ].75%%* (.08%** ] 47%%*
(0.16) (0.26) (0.19) (0.29)
Existing warm-climate table grape cultivars
Store black 0.46***  0.57** 0.41** 0.48*
(0.16) (0.26) (0.19) (0.29)
Store green 0.04 —0.01 —-0.07 0.42
(0.16) (0.26) (0.19) (0.29)
Observations 792 168 472 152

The base group is “store red” table grape. Statistics show coeflicients and standard errors (in parentheses) from our
linear regression model, where the dependent variable is the bid (US$) for 16 ounces of table grape. The constant
term represents the bid for the store red base group. Standard errors are clustered at the individual level. All regres-

sions control for order effect. *, **, *** indicate significance at 10%, 5%, and 1%, respectively.

Participants in the mixed group
showed significantly higher WTP esti-
mates for MN 1369 ($2.90) and Somer-
set Seedless ($2.57). The WTP estimates
for MN 1376 and MN 1296 were
comparable to store red. However,
the “mixed” group participants had a
significantly lower WTP estimate of
$1.81 for MN 1325. In comparison,
participants who dislike all new grapes
had significantly lower WTD estimates
for novel cold-hardy table grape culti-
vars, ranging from $1.43 to $1.66
lower than store red at $2.57.

PARTICIPANT RATINGS FOR TABLE
GRAPE ATTRIBUTES BY GROUP. Table 5
provides a comprehensive overview
of how participants from segment
groups rated the various attributes of
novel cold-hardy table grape cultivars
and existing warm-climate table grape
cultivars on a scale of 1 to 7. The rat-
ings cover a wide range of grape attrib-
utes, including overall liking, overall
appearance, cluster size, cluster compact-
ness, berry size, berry shape, berry
color, no cosmetic defects, fresh-looking,
overall flavor, sweetness, sourness, texture,
firmness, pop energy, maturity, num-
ber of seeds, and skin thickness. The
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table is divided into two panels: panel A
shows the ratings for novel cold-hardy
table grape cultivars, and panel B shows
the ratings for existing warm-climate ta-
ble grape cultivars. We provide mean
and SD for each attribute and segmented
group.

The ratings for table grape attrib-
utes also exhibit distinct patterns among
the three segment groups. In panel A
for novel cold-hardy table grape cult-
vars, the “like all new grapes” group
generally expressed higher ratings
compared with the “mixed” and “dislike
all new grapes” groups, whereas the
“dislike all new grapes” group tended
to provide lower ratings for most at-
tributes. An ANOVA was conducted
to assess the statistical differences in
ratings across the segment groups, and
the results indicate significant differ-
ences (P < 0.01), as shown in the last
column of Table 5. In contrast, in
panel B, which represents the ratings
of three existing warm-climate grape
cultivars, an opposite trend can be ob-
served. The mean ratings were gener-
ally lowest in the “like all new grapes”
group, indicating that participants in
this group found these attributes less

favorable compared with the other two
groups for three existing warm-climate
table grapes. These differences in rat-
ings among the three groups were also
statistically significant.

PARTICIPANT SOCIODEMOGRAPHICS,
PURCHASING BEHAVIOR, AND ATTITUDE
TOWARD NOVEL FOODS BY SEGMENT
GRrROUP. In Table 6, we investigated the
sociodemographic characteristics, pur-
chasing behavior, and attitude toward
new, different, or innovative foods
among participants from different
segment groups. In panel A, the
mean age of participants in the “like
all new grapes” group and “mixed”
group were relatively similar, whereas
the “dislike all new grapes” group had
a higher mean age. This differences
between the “dislike all new grapes”
groups and the other two groups
were found to be statistically signifi-
cant. The “mixed” groups had the
highest percentage of female partici-
pants, whereas the “like all new grapes”
group had the lowest percentage. The
differences in gender distribution be-
tween the “mixed” groups and the
other two were also statistically signifi-
cant. Moreover, the “mixed” group
had a significantly higher mean house-
hold size compared with the “like all
new grapes” group. In addition, the
“dislike all new grape” groups exhib-
ited a significantly lower percentage of
individuals with full-time or part-time
employment and a lower percentage of
individuals who were members of an
environmental group. There were no
significant differences observed in other
sociodemographic characteristics such
as education, marital status, presence of
children under 12 years old at home,
income, employment status, or environ-
mental group membership among the
three groups.

In panel B, participant purchas-
ing behavior, including the frequency
of fresh grape consumption, frequency of
fresh grape purchasing, and weight
of fresh grape when purchased, did not
show any significant differences among
the three groups. Panel C presents the
index for participant attitudes toward
new, different, or innovative food,
which was constructed as the average
of three questions on a 1 to 7 scale, in-
cluding (1) generally, I am among the
first of my circle of friends to buy new,
different, or innovative foods; (2) com-
pared with my friends, I purchase more
new, different, or innovative foods; and
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Table 5. Ratings (mean and SD) of sensory and physical attributes for table grapes by consumer segments for both novel
cold-hardy and existing warm-climate grape cultivars (on a scale 1 to 7).

Like all Dislike all
new grapes Mixed new grapes

Segment groups M SD M SD M SD P value

Panel A: novel cold-hardy table grape cultivars
Overall liking 5.23 1.28 497 1.53 3.25 1.48 <0.01
Overall appearance 5.46 1.05 5.37 1.36 3.90 1.51 <0.01
Cluster size 5.69 0.88 5.92 1.12 4.64 1.57 <0.01
Cluster compactness 5.66 1.12 591 1.21 4.60 1.62 <0.01
Berry size 491 1.35 4.74 1.78 2.73 1.32 <0.01
Berry shape 5.63 0.93 5.82 1.22 4.27 1.70 <0.01
Berry color 5.36 1.24 5.55 1.50 4.56 1.69 <0.01
No cosmetic defect 5.23 1.32 5.57 1.48 5.00 1.47 <0.01
Fresh-looking 5.45 1.31 5.67 1.43 4.82 1.59 <0.01
Overall flavor 5.33 1.37 5.03 1.62 3.81 1.59 <0.01
Flavor/aroma 5.44 1.33 5.08 1.61 3.77 1.56 <0.01
Sweetness 5.19 1.32 5.10 1.68 3.71 1.62 <0.01
Sourness 491 1.40 4.66 1.83 3.14 1.56 <0.01
Texture 4.96 1.32 4.89 1.46 3.65 1.43 <0.01
Firmness 5.07 1.24 5.10 1.45 4.07 1.50 <0.01
Pop energy 5.38 1.20 5.17 1.48 4.11 1.49 <0.01
Maturity 493 1.17 5.24 1.33 4.22 1.43 <0.01
Number of seeds 4.14 1.84 4.19 2.02 3.09 1.97 <0.01
Skin thickness 4.84 1.37 4.89 1.59 371 1.84 <0.01

Panel B: existing warm-climate table grape cultivars
Overall liking 4.30 1.25 5.03 1.46 5.75 1.31 <0.01
Overall appearance 4.67 1.11 5.47 1.24 5.90 1.10 <0.01
Cluster size 4.32 1.24 5.02 1.42 5.57 1.21 <0.01
Cluster compactness 4.14 1.17 4.87 1.38 5.07 1.45 <0.01
Berry size 4.98 1.04 5.59 1.46 6.18 0.93 <0.01
Berry shape 493 1.13 5.73 1.25 6.03 1.15 <0.01
Berry color 4.96 1.25 5.62 1.42 5.85 1.21 <0.01
No cosmetic defect 4.65 1.29 5.43 1.50 5.52 1.38 <0.01
Fresh-looking 4.79 1.33 5.62 1.32 5.75 1.31 <0.01
Overall flavor 4.31 1.27 4.84 1.51 5.68 1.37 <0.01
Flavor /aroma 4.25 1.23 4.63 1.55 5.43 1.47 <0.01
Sweetness 4.37 1.43 4.75 1.59 5.37 1.40 <0.01
Sourness 3.84 1.31 443 1.57 4.25 1.75 <0.05
Texture 4.61 1.46 5.49 1.51 5.67 1.23 <0.01
Firmness 4.84 1.44 5.81 1.37 5.90 1.26 <0.01
Pop energy 4.39 1.44 5.00 1.70 5.40 1.44 <0.01
Maturity 4.77 1.07 5.44 1.39 5.62 1.30 <0.01
Number of seeds 5.32 1.23 5.89 1.49 5.60 1.88 <0.05
Skin thickness 4.58 1.32 5.56 1.50 5.55 1.32 <0.01

The table reports mean values and standard deviations of participant ratings (on a 1 to 7 scale) of sensory and physical attributes of table grapes. Results are shown for
three participant segments. Panel A presents ratings for novel cold-hardy cultivars, and Panel B presents ratings for existing warm-climate cultivars. ANOVA P values in-
dicate whether the differences between the three groups are statistically significant (P < 0.05 and P < 0.01).

(3) if new, different, or Innovative foods
are available in shops and supermarkets,
I always purchase them. The results in-
dicate that participants in the “like all
new grapes” and “mixed” groups gen-
erally held more positive attitudes to-
ward new, different, or innovative foods
compared with the “dislike all new
grapes” group. The Student # test
revealed that both were significantly
higher than the “dislike all new grapes”
group, but there was no significant
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difference between the “like all new
grapes” and “mixed” group.

Conclusion and discussion

In this study, we investigated con-
sumer preferences and WTP for novel
cold-hardy table grape cultivars. Specif-
ically, we categorized consumers into
groups as “like all new grapes,” “mixed,”
and “dislike all new grapes,” based on
the comparison with their average WTP
of existing warm-climate table grape

cultivars and estimated consumer WTP
for each cultivar. We observed that the
majority of participants (81%) fell into
the groups of “like all new grapes” and
“mixed,” indicating that there is a po-
tential market opportunity for cold-
hardy table grape cultivars among a
significant portion of consumers.

Our findings also revealed that
two novel, cold-hardy table grape culti-
vars, MN 1369 and Somerset Seedless,
received consistently highest ratings
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Table 6. Participant sociodemographics; table grape purchasing behavior; and attitude toward new, different, or innovative

foods by segment.

Like Dislike
all new all new
grapes Mixed grapes t test (P value)
M SD M SD M SD H,. Ho. Ho.

Segment A 2 B @ G 6 BH=@B) D1)=6) B)=(5)
Panel A: sociodemographics

Age 342 161 337 147 455 1.19 0.94 <0.05 <0.01

Gender 0.58 051 087 034 0.65 049 <0.01 0.66 <0.05

Education 079 042 082 039 09 031 0.82 0.35 0.37

Marital status 042 051 062 049 06 05 0.12 0.28 0.83

Household size 1.79 085 233 116 19 091 <0.05 0.70 0.11

Presence of children under 12 years at home 0.16 0.37 0.15 0.36 0.1 0.31 0.96 0.60 0.56

Household income 221 079 238 0.8 225 0.72 0.46 0.87 0.55

Employment status 0.63 0.5 0.73 045 0.5 0.51 0.43 0.42 <0.10

Environmental group membership 0.16 0.37 025 044 0.05 0.22 0.39 0.28 <0.05
Panel B: table grape purchasing behavior

Frequency of fresh table grape consumption  1.95 085 193 0.73 1.9 0.64 0.94 0.85 0.86

Frequency of fresh table grape purchasing 216 09 2.1 0.71 195 0.6 0.78 0.40 0.40

Weight of fresh table grape when purchase 147 051 1.5 0.5 1.35 0.49 0.80 0.45 0.23
Panel C: attitude toward new, different, or innovative foods

Index for attitude toward new, different, or 487 133 5.02 131 4.32 1.51 0.21 <0.01 <0.01

innovative foods

The table presents the mean values and standard deviations for three consumer segments: like all new grapes, mixed, and dislike all new grapes. ¢ test P values indicate

significant differences in the mean values between groups: means in column (1) vs. column (3), column (1) vs. column (5), and column (3) vs. column (5) (P < 0.10,
P < 0.05, P < 0.01). The index for attitude toward new, different, or innovative foods is calculated as the average of three questions on a 1 to 7 scale. The three questions
are as follows: (1) Generally, I am among the first of my circle of friends to buy new, different, or innovative foods. (2) Compared with my friends, I purchase more new,

different, or innovative foods. (3) If new, different, or Innovative foods are available in shops and supermarkets I always purchase them.

from consumers in the “like all new
grapes” and “mixed” groups. These
cultivars share several consumer de-
sired characteristics shown in previ-
ous literature, including being seedless,
having smaller clusters, and offering a
balanced sweet flavor. For example,
Piva et al. (2006) found that Spanish
consumers prioritize sweetness, fol-
lowed by thin skin and few or no
seeds. Similarly, Mu et al. (2016) re-
ported a strong preference among
Chinese consumers for sweet, seed-
less grapes. However, other studies
highlight different priorities. Wang
et al. (2017) found that Chinese fa-
vored compact clusters and large,
dark red berries over seedlessness.
Seccia et al. (2019) also observed
that a significant portion of Italian
consumers rarely purchase seedless
or organic grapes. Moreover, con-
sumers in the “like all new grapes”
and “mixed” groups demonstrated
a similar WIP for MN 1376, MN
1296. These findings contribute to the
literature by providing insights into con-
sumer preferences for cold-hardy table
grapes in the U.S. market.
Additionally, we also examined
the difference in various measurements,
including attributes ratings, attitudes,
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table grape purchasing behaviors, and
sociodemographics among three seg-
ment groups, which provide valuable
insights into factors that may influence
consumer WTP for novel cold-hardy
table grapes. We identified a positive
association between attributes ratings,
consumers’ attitudes toward novel
food and their WTP. Regarding socio-
demographics and table grape purchas-
ing behaviors, the findings suggest that
age, gender, houschold size, employ-
ment, and environmental group mem-
bership may influence consumer WTP
toward novel cold-hardy table grapes.
However, there were no significant
differences observed in other socio-
demographic characteristics, including
education, marital status, presence of
children under 12 years old at home,
household income, or purchasing be-
haviors among the three groups. These
factors did not significantly influence
participants’ WTP for novel cold-hardy
table grapes.

Specifically, the “dislike-all new
grapes” group had a higher mean age,
indicating that older participants may
be less inclined to show interest in
new grape cultivars. They also have a
lower participation in full-time or
part-time employment and a lower

membership of environmental groups.
These factors suggest that barriers such
as cold-hardy table grape attributes,
limited interest in novel food, older
age, limited employment, and lack of
affiliation with environmental organi-
zations may influence their WTP for
cold-hardy table grape cultivars. To
address these barriers and increase the
WTP for cold-hardy table grapes among
the “dislike all new grapes” group, tar-
geted marketing strategies should focus
on addressing consumers taste prefer-
ence, advertising and raising awareness,
improving market availability, highlight-
ing the unique attributes such as local
origin and environmental sustainability
to appeal to consumer interest and
values, offering competitive pricing to
demonstrate that these grapes can be
an affordable option for consumers.
On the other hand, the “mixed”
group had more percentage of female
participants and a slightly larger house-
hold size, suggesting that these factors
may contribute to a greater acceptance
of novel cold-hardy table grape culti-
vars. Organizing sampling and tastings
events can provide opportunities for
consumers in the “mixed” group as
well as in the “like all new grapes”
group to experience the unique flavors
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and qualities of cold-hardy table grapes.
These events can generate positive
word of mouth, increase consumers
awareness and interest, and can ulti-
mately help expand the market share
of cold-hardy table grapes.

Although the findings contribute
to a better understanding of consumer
behavior in the context of food innova-
tion and aid in the development of
targeted strategies to meet consumer
needs and preferences, it is worth not-
ing that this study has certain limita-
tions. The research was conducted
within a specific geographic region
and may not fully represent the broader
population. Additionally, the study fo-
cused solely on consumer preferences
for cold-hardy table grapes and did not
explore other factors such as organic
production and availability that could
further influence consumer choices.
We recommend further research to
delve deeper into the underlying mo-
tivations and barriers driving consumer
preferences and WTP for novel food
products. Understanding these factors
can help inform product development,
marketing strategies, and consumer ed-
ucation initiatives to encourage greater
acceptance and adoption of innovative
food offerings.

References cited

Agricultural Marketing Resource Center.
2023. Grapes. https://www.agmrc.org/
commodities-products/fruits /grapes.
[accessed 12 Jun 2023].

Clark M, Tuck B, Klodd A. 2019. Minnesota
grape production statistics: 2018. UMN
Extension, Minneapolis, MN, USA.
https://enology.umn.edu.

Cornell University. 2018. Big, blue Everest
Seedless is Cornell’s newest grape. https://
news.cornell.edu/stories /2018 /09 /big-

Horllochnology + August 2025 35(4)

blue-everest-seedless-cornells-newest-grape.
[accessed 11 Jul 2023].

Costanigro M, McFadden DT, Kroll S,
Nurse G. 2011. An instore valuation of
local and organic apples: The role of
social desirability. Agribusiness. 27(4):
465-477. https://doi.org,/10.1002/
agr.20281.

Costanigro M, Kroll S, Thilmany D, Bunning
M. 2014. Is it love for local/organic or
hate for conventional? Asymmetric effects
of information and taste on label preferen-
ces in an experimental auction. Food Qual
Pref. 31:94-105. https://doi.org,/10.1016/
j.foodqual.2013.08.008.

Feldmann C, Hamm U. 2015. Consum-
ers perceptions and preferences for local
food: A review. Food Qual Pref. 40:152-164.
https://doi.org,/10.1016 /j.foodqual.2014.
09.014.

Hu W, Woods T, Bastin S. 2009. Con-
sumer acceptance and willingness to pay
for blueberry products with nonconven-
tional attributes. J Agric Appl Econ. 41(1):
47-60. https://doi.org,/10.1017 /S10740
70800002546.

Lusk JL, Hudson D. 2004. Willingness-
to-pay estimates and their relevance to ag-
ribusiness decision making. Rev Agric Econ.
26(2):152-169. https://doi.org/10.1111/
j-1467-9353.2004.00168 x.

Mu W, Li C, Tian C, Feng J. 2016. Chinese
consumers’ behavior and preference to
table grapes: Based on a comparative
study of 2009 and 2014. Br Food ]J.
118(1):231-246. https://doi.org,/10.1108/
BFJ-06-2015-0211.

National Agricultural Statistics Service. 2022.
Noncitrus Fruits and Nuts. https://usda.
library.cornell.edu,/concern/publications /
zs25x846¢?locale=en. [accessed 12 Jun
2023].

Onozaka Y, McFadden DT. 2011. Does lo-
cal labeling complement or compete with
other sustainable labels? A conjoint analysis
of direct and joint values for fresh produce

claim. Am ] Agric Econ. 93(3):693-706.
https://doi.org,/10.1093 /ajac /aar005.

Piva CR, Garcia JLL, Morgan W. 2006.
The ideal table grapes for the Spanish
market. Rev Bras Frutic. 28(2):258-261.
https://doi.org,/10.1590,/50100-29452
006000200023.

Printezis I, Grebitus G, Hirsch S. 2019.
The price is right? A meta-regression anal-
ysis on willingness to pay for local food.
PLoS One. 14(5):¢0215847. https://doi.
org/10.1371 /journal.pone.0215847.

Seccia A, Viscecchia R, Nardone G.
2019. Table grapes as functional food:
Consumer preferences for health and en-
vironmental attributes. BIO Web Conf.
15;03011. https://doi.org/10.1051/
bioconf/20191503011.

Treiber EL, Moreira LS, Clark MD. 2022.
Postharvest potential of cold-hardy table
grapes. HortScience. 57(10):1242-1248.
https://doi.org,/10.21273 /HORTSCI
16642-22.

Tuck B, Gartner WC. 2013. Bascline
Monitoring for the Cold Hardy Grape
and Wine Industries. https://ecommons.
cornell.edu/server/api/core/bitstreams/
¢33d4360-6df2-4d7e-8019-2a86¢1bd0a02 /
content. [accessed 12 Jun 2023].

Vickrey W. 1961. Counterspeculation,
auctions, and competitive sealed tenders.
J Finance. 16(1):8-37. https://doi.org/
10.2307/2977633.

Wang Z, Zhou J, Xu X, Perl A, Chen S,
Ma H. 2017. Adoption of table grape cul-
tivars: An attribute preference study on
Chinese grape growers. Sci Hortic. 216:
66-75. https://doi.org,/10.1016/j.scienta.
2017.01.001.

Yue C, Tong C. 2009. Organic or local?
Investigating consumer preference for
fresh produce using a choice experiment
with real economic incentives. Hort-
Science. 44(2):366-371. https://doi.org/
10.21273 /HORTSCI.44.2.366.

573

/0’ /ou-Aq/sesuaol|/610 suowwodaAeald//:sdny (/0" 7/ouU-Aq/sasuadl|/Bi0 SUOWWOIBAIIBBIO//:SA)Y) 9SUadl|
JN-Ag DD 9y} Japun pajnguisip djole ssaooe uado ue s siy] '$se00y uadQ BIA | Z-/0-GZ0Z 18 /wo9o Alojoejqnd poid-awnid-ylewlsyem-jpd-awiid//:sdpy wol papeojumoq


https://www.agmrc.org/commodities-products/fruits/grapes
https://www.agmrc.org/commodities-products/fruits/grapes
https://enology.umn.edu
https://news.cornell.edu/stories/2018/09/big-blue-everest-seedless-cornells-newest-grape
https://news.cornell.edu/stories/2018/09/big-blue-everest-seedless-cornells-newest-grape
https://news.cornell.edu/stories/2018/09/big-blue-everest-seedless-cornells-newest-grape
https://doi.org.10.1002/agr.20281
https://doi.org.10.1002/agr.20281
https://doi.org/10.1016/j.foodqual.2013.08.008
https://doi.org/10.1016/j.foodqual.2013.08.008
https://doi.org/10.1016/j.foodqual.2014.09.014
https://doi.org/10.1016/j.foodqual.2014.09.014
https://doi.org/10.1017/S1074070800002546
https://doi.org/10.1017/S1074070800002546
https://doi.org/10.1111/j.1467-9353.2004.00168.x
https://doi.org/10.1111/j.1467-9353.2004.00168.x
https://doi.org/10.1108/BFJ-06-2015-0211
https://doi.org/10.1108/BFJ-06-2015-0211
https://usda.library.cornell.edu/concern/publications/zs25x846c?locale=en
https://usda.library.cornell.edu/concern/publications/zs25x846c?locale=en
https://usda.library.cornell.edu/concern/publications/zs25x846c?locale=en
https://doi.org/10.1093/ajae/aar005
https://doi.org/10.1590/S0100-29452006000200023
https://doi.org/10.1590/S0100-29452006000200023
https://doi.org/10.1371/journal.pone.0215847
https://doi.org/10.1371/journal.pone.0215847
https://doi.org/10.1051/bioconf/20191503011
https://doi.org/10.1051/bioconf/20191503011
https://doi.org/10.21273/HORTSCI16642-22
https://doi.org/10.21273/HORTSCI16642-22
https://ecommons.cornell.edu/server/api/core/bitstreams/c33d4360-6df2-4d7e-80f9-aa86e1bd0a02/content
https://ecommons.cornell.edu/server/api/core/bitstreams/c33d4360-6df2-4d7e-80f9-aa86e1bd0a02/content
https://ecommons.cornell.edu/server/api/core/bitstreams/c33d4360-6df2-4d7e-80f9-aa86e1bd0a02/content
https://ecommons.cornell.edu/server/api/core/bitstreams/c33d4360-6df2-4d7e-80f9-aa86e1bd0a02/content
https://doi.org/10.2307/2977633
https://doi.org/10.2307/2977633
https://doi.org/10.1016/j.scienta.2017.01.001
https://doi.org/10.1016/j.scienta.2017.01.001
https://doi.org/10.21273/HORTSCI.44.2.366
https://doi.org/10.21273/HORTSCI.44.2.366

