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Abstract. Consumer awareness of neonicotinoid (neonic) insecticides is growing (in part)
due to increased publicity and media attention. Environmental groups want neonic
insecticides to be banned because of their perceived potential negative consequences on
nontarget species (especially bees and other pollinator insects). Several retail outlets and
governmental agencies are now requiring the ornamental horticulture industry (hereafter,
green industry) to label plants grown using neonic insecticides. Although the scientific value
of the mandatory labeling policies are debatable, neonic labeling may negatively influence
consumers’ demand for plants. Research on consumers’ awareness of neonic insecticides is
limited, and the extent to which awareness influences preferences and shopping behavior is
less understood. This manuscript addresses these research gaps by investigating correla-
tions between awareness of neonic insecticides, knowledge about related topics (e.g.,
gardening and pollinator insect health), and purchase likelihood, using an online survey of
921 U.S. consumers. Results indicate that only 24% of surveyed plant purchasers are aware
of neonic insecticides. Consumers who are aware of neonic insecticides are more
knowledgeable about plants that improve pollinator health and entomology than those
who are not aware. Labels with ‘‘neonic-free’’ wording were the least preferred and
influential pollinator-related in-store promotion. However, awareness of neonic insecticides
was positively correlated with consumers’ purchase likelihood for ‘‘neonic-free’’ plants.
Overall, awareness influences consumers’ shopping behavior, which could necessitate
altering green industry pest management strategies as consumers’ awareness of neonic
insecticides increases due to the negative publicity surrounding it.

Recently, research on pollinator insects
has escalated due to reports on declining
pollinator populations. Previous studies on
pollinator insects and their services have
focused on the impacts of insecticides
(Fairbrother et al., 2014; Goulson, 2013;
Pimentel, 2005; US-EPA, 2013), economic
impacts of pollination (Gallai et al., 2009;
Hanley et al., 2015; Pilling et al., 2013),
environmental consequences and benefits
(Frankie et al., 2005; McIntyre and Hostetler,
2001;Wratten et al., 2012), and natural resource
conservation measures (Breeze et al., 2015;
Diffendorfer et al., 2014; Mwebaze et al.,
2010). One topic that has been at the forefront
of discussions on pollinator insect declines is
insecticide use. However, research findings
on the effects of insecticide use on pollinator
insects’ health are inconclusive (Fairbrother
et al., 2014; Goulson, 2013; Pilling et al., 2013).
Nevertheless, insecticide usage has been
linked to declines in honeybee and pollina-
tion services reaching $284 million/year in
the United States (Pimentel, 2005). This has
global economic implications, given pollina-
tor insects’ estimated annual contribution of

V153 billion/year for food crops worldwide
(Gallai et al., 2009).

Research has shown consumers value
pollinator services and conservation efforts
(Breeze et al., 2015; Diffendorfer et al.,
2014; Mwebaze et al., 2010). For instance,
UK consumers are willing to pay £379
million (£13.4 per taxpayer) in taxes to aid
pollinators (Breeze et al., 2015). Similarly,
Mwebaze et al. (2010) found UK house-
holds are willing to pay £1.37 per week for
bee protection policies, which equates to
£1.77 billion per year. In the United States,
consumers are willing to pay $4.78–6.64
billion (in a total onetime payment) to-
ward purchasing monarch-friendly plants
and donating to conservation organizations
(Diffendorfer et al., 2014). Although con-
sumers want to aid pollinator insects
through conservation measures, very few
studies address consumer behavior toward
pollinator insects or their interactions with
neonic insecticides.

Neonic insecticides are of particular in-
terest due to controversial research findings
and negative publicity (US-EPA, 2013).
Neonics provide systemic protection to plants
from a variety of insect pests (S�anchez-Bayo
et al., 2013). Systemic protection means the
insecticide is present within plant tissues that
are readily consumed by many insect pests,

which has led to concerns about potential
negative impacts on nontarget species (i.e.,
insect pollinators, pets, and humans) that
come in contact with and/or consume por-
tions of treated plants. However, Fairbrother
et al. (2014) determined that neonics do not
play a significant role in declining bee health
when compared with parasites, diseases,
habitat loss, queen failure, and poor nutri-
tion. Furthermore, when applied according
to the label, neonics appear to have minimal
risks to pollinator insects (Pilling et al.,
2013). Other studies argue that neonic in-
secticides impact bees health more subtly,
by decreasing bee homing and foraging
ability, colony growth, learning, disease
resistance, and hive hygiene, which are
detrimental to colony health (Goulson,
2013; van der Sluijs et al., 2013). However,
Blacqui�ere et al. (2012) states neonics’
lethal and sublethal effects on pollinators
only occur in laboratory experiments, not
in the field setting.

Despite the lack of consensus on neonic
insecticides’ impact on pollinator insects’
health, environmental groups urge retail
outlets and green industry stakeholders
(i.e., plant growers and retailers) to supply
consumers with plants grown without using
neonics. This is concerning for the green
industry because neonic insecticides are
effective against a wide range of pests,
have low mammalian toxicity, and are less
expensive compared with many alterna-
tives (Goulson, 2013; S�anchez-Bayo et al.,
2013; Zalom et al., 2005). In addition, they
help to minimize plant damage, which
improves plant salability, margins, and
profits (Sadof and Raupp, 1987; S�anchez-Bayo
et al., 2013). In response, several retailers
(including Home Depot) and governmental
organizations (i.e., UK Parliament) now se-
lectively purchase neonic-free plants and/or
require mandatory labeling (US-EPA, 2013).
Mandatory labeling can affect the market-
place, product availability, production costs,
the competitive environment, and profits
(Bonroy and Constantoatos, 2014). Further-
more, labeling and other promotional efforts
can influence consumer behavior. For in-
stance, Anella et al. (2001) determined the
Oklahoma Proven Plant Campaign (pro-
moted through labels/tags, posters, bill-
boards, and pot stakes) increased plant sales
by 81%. In turn, this leads to the question of
how does ‘‘neonic-free’’ labeling influence
consumer behavior toward plants? Cur-
rently, there is insufficient quantitative ev-
idence to provide a definitive answer to this
question.

Although environmental groups are push-
ing for the regulation (and banning) of neonic
pesticide use on plants, to date, very few
studies actually assess consumer (i.e., end
users) awareness of neonic insecticides and
the influence of ‘‘neonic-free’’ labels on their
purchasing behavior. Wollaeger et al. (2015)
reported that nearly 57% of consumers do not
understand the term ‘‘neonic-free’’ and 70%
indicated low knowledge of ‘‘neonic-free’’
production methods. This low awareness and
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confusion about the effects of neonic in-
secticides has implications for the green
industry as it has been shown to influence
consumers’ purchasing decisions (Chi
et al., 2009; Krystallis and Chrysochou,
2011). Specifically, awareness increases
consumers’ purchase likelihood (Krystallis
and Chrysochou, 2011) unless the con-
sumer is already loyal to an existing brand
or had preexisting perceptions of superior
quality for another brand (Chi et al., 2009).
Since awareness impacts consumer behav-
ior for other products, how does consumer
awareness of neonic insecticides influence
their preferences for plants? Furthermore,
are consumers even aware of neonic in-
secticides and how does that affect their
behavior? Given low levels of awareness
of neonics among the general public
(Wollaeger et al., 2015), should the green
industry produce and promote plants as
‘‘neonic-free’’ and educate consumers about
neonic insecticides or not? At the center of
these uncertainties is the question of what
influence would ‘‘neonic-free’’ labeling have
on consumer preferences and demand for
plants?

To address these questions, we conducted
an online survey of U.S. consumers. With
the overall goal to identify how consumers’
awareness of neonic insecticides affects their

purchasing behavior, the following hypothe-
ses were tested:

1. Consumers’ knowledge of pollinator-
related topics (i.e., gardening/landscaping,
pollinator insect health, and entomol-
ogy) is positively correlated with their
awareness of neonic insecticides.

2. Consumers who are aware of neonic
insecticides are more likely to purchase
plants with ‘‘neonic-free’’ labels than
those who are not aware of neonics.

Materials and Methods

An online survey was used to assess U.S.
consumers’ preferences for ‘‘neonic-
free’’ plant labels. Survey questions were
designed based on relevant literature, visit-
ing retail outlets, and consulting industry
professionals. Survey questions consisted
of consumers’ past purchasing behavior,
awareness of neonic insecticides, general
knowledge, attitude toward attracting polli-
nator insects, purchase intentions, pollinator
promotion wording, and six standard socio-
demographic questions (i.e., age, gender,
income, education, household, and relation-
ship status). The survey and experimental
protocol were approved by the institution
review board.

The survey was conducted in Jan. 2015
using a third-party contractor (Qualtrics
Online Survey Software; Qualtrics, LLC,
Provo, UT). An online survey was used to
most efficiently reach a broad demographic
of participants across the United States
(McDaniel and Gates, 2010). Participants
were compensated with online reward points
through the third party contractor. A total of
2766 people started the survey, of which, 921
participants (33% of all respondents) agreed
to the consent form, passed the three valida-
tion questions (Validation questions were
equally spaced throughout the survey and
included 1) to ensure you are reading the
statements, please select 4 as your answer to
this statement; 2) this is an attention question,
please select ‘‘disagree’’ as your answer to
this statement; and 3) this is an attention
question, please select ‘‘moderately charac-
teristic’’ as your answer to this statement),
and had purchased plants within the past
12 months [The screening question ‘‘Have you
purchased plants in the past 12 months? (yes/
no)’’ was used to identify plant purchasers for
the study]. Validation questions have been
used to reduce bias and improve response
validity (McDaniel and Gates, 2010). Only
plant purchasers were included in the analysis
since these individuals have the greatest impact
on sales and demand.

Table 1. Summary statistics of U.S. respondents in a consumer preference study conducted in 2015 (n = 921).

Description

Sample Neonic aware group Neonic not aware group

Mean Mean Mean

(SE) (SE) (SE)

Percent Percent of total sample 100 24.1 75.9
Age Age (in years) of participant 51.30 (34.41) 41.26 (14.55)z 54.46 (38.06)z

Gender 1 = male 0.42 (0.49) 0.48 (0.50)z 0.40 (0.49)z

0 = female
Education Highest level of education completed 0.49 (0.50) 0.56 (0.50)z 0.46 (0.50)z

1 = bachelor’s degree or graduate school/degree
0 = otherwise

Income 2014 gross household income 5.83 (2.99) 5.85 (2.82) 5.83 (3.04)
1 = <$20k
2 = $21k–30k
3 = $31k–40k
4 = $41k–50k
5 =$51k–60k
6 = $61k–70k
7 = $71k–80k
8 = $81k–90k
9 = $91k–100k
10 = >$100k

Household Number of people in household 2.76 (1.36) 3.14 (1.52)z 2.64 (1.28)z

Relationship 1 = in relationship or married 0.74 (0.44) 0.70 (0.46) 0.75 (0.44)
0 = otherwise

Region—midwest 1 = midwest resident 0.24 (0.43) 0.25 (0.43) 0.24 (0.43)
0 = otherwise

Region—northeast 1 = northeast resident 0.23 (0.42) 0.26 (0.44) 0.23 (0.42)
0 = otherwise

Region—southeast 1 = southeast resident 0.27 (0.44) 0.22 (0.41) 0.28 (0.45)
0 = otherwise

Region—northwest 1 = northwest resident 0.06 (0.24) 0.06 (0.24) 0.06 (0.24)
0 = otherwise

Region—southwest 1 = southwest resident 0.16 (0.37) 0.19 (0.39) 0.16 (0.36)
0 = otherwise

Region—other 1 = other region resident 0.03 (0.18) 0.03 (0.18) 0.03 (0.18)
0 = otherwise

Purchased insecticides 1 = purchased and used insecticides within the past 12 mo. 0.80 (0.40) 0.92 (0.27)z 0.77 (0.42)z

0 = otherwise
zPairwise t tests were used to determine significance between neonics aware and not aware groups, which indicates significant difference between the aware and
not aware groups at P # 0.05.
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Data were analyzed using Stata software
(StataCorp LP, College Station, TX). To assess
the impact of neonic insecticides awareness,
consumers were divided into ‘‘aware’’ (24%
of the sample) and ‘‘not aware’’ (76% of the
sample) groups. Means were obtained for
each group and pairwise t tests were used to
determine significance between the groups.
To test hypothesis 1 (i.e., consumers’ knowl-
edge of pollinator-related topics improves
their awareness of neonic insecticides),

a binary logit regression model was used.
Knowledge was assessed by asking partic-
ipants how knowledgeable they were about
the different topics (1 = not at all knowl-
edgeable; 7 = very knowledgeable). Binary
knowledge variables were generated where
participants were considered knowledgeable if
they selected$5 since a value of 4 correlated
to ‘neither knowledgeable nor not knowl-
edgeable’ and less than 4 indicated low
knowledge. The knowledge variables were

the independent variables and neonics aware-
ness (1 = aware; 0 = not aware) was the
dependent variable. Finally, to test hypothesis
2 (i.e., neonic aware consumers are more
likely to purchase plants with ‘‘neonic-
free’’ labels), an ordered logit regression
model was used. An ordered logit model
was used because the dependent variable
was ordinal. Specifically, the dependent
variable was how the ‘‘neonic-free’’ label
would influence the consumers’ purchase
likelihood (1 = very unlikely; 7 = very
likely). The independent variables included
participants’ awareness of neonics and
sociodemographic variables.

Results

Sample demographic characteristics. A
total of 921 consumers from across the
United States participated in the study.
Forty-two percent of participants were
male and 49% of the sample had bachelor’s
degree or higher at the time of the study
(Table 1). The average age of participants
was 51 years. Most participants’ house-
holds earned between $51,000–60,000 in
2014. The average household size was two
to three people. Seventy-four percent were
married or in a relationship. Most respon-
dents (27%) were from the southeast
region of the United States, followed by
the midwest, northeast, southwest, north-
west, and other regions (including Alaska
and Hawaii). Eighty percent of participants
had purchased and used insecticides within

Fig. 1. Participants’ level of knowledge about different factors related to pollinators (1 = not at all knowledgeable; 7 = very knowledgeable). Pairwise t test results
indicate that all factors were significant between aware and not aware consumer groups with P < 0.001.

Table 2. Binary logit regression model estimates indicating how consumers’ knowledge impacts their
awareness of neonicotinoid insecticides.

Variables Coefficient (SE)

Related topics
Plants/gardening/landscaping –0.01 (0.30)
Environmental stewardship 0.22 (0.23)
Pollinator insects (in general) 0.52 (0.29)
Insect pollinator health 0.04 (0.28)
Bee keeping 0.34 (0.24)
Plants that improve pollinator health 0.68 (0.27) *
Landscape features that improve pollinator health 0.34 (0.29)
Entomology 0.65 (0.23) **
Farming/agriculture 0.20 (0.23)

Demographic variables
Age –0.04 (0.01) ***
Gender 0.37 (0.19)
Income –0.03 (0.04)
Education 0.47 (0.21) *
Household 0.06 (0.07)
Relationship –0.20 (0.22)
Constant –0.55 (0.47)
Log likelihood –374.67
Likelihood ratio c2(15) 253.79
Probability > c2 0.000
Pseudo R2 0.25

***, **, *Significant at P # 0.001, 0.01, and 0.05, respectively.
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the last 12 months. Our summary statistics
are consistent with the National Gardening
Association (2009), which shows gardeners
are primarily female, $45 years old, col-
lege educated, married, in a two person
household, and have a household income of
over $50,000.

Neonic insecticide awareness and
knowledge. Twenty-four percent of partici-
pants (i.e., 222 out of 921) indicated they

had heard of insecticides containing neon-
icotinoids or neonics indicating that con-
sumer awareness of neonic insecticides is
low (Table 1). Overall, participants in the
neonics aware group were younger, con-
sisted of a lower percentage of females,
were more educated, and had larger house-
holds than the not aware group. Our results
indicate a lower awareness of neonic in-
secticides than the sample collected by

Wollaeger et al. (2015). This discrepancy
could be explained by Wollaeger et al.’s
(2015) relatively high sampling in Oregon
and Minnesota, states where a lot of media
attention has been focused on systemic (i.e.,
neonic) insecticides.

To investigate how participants’ knowl-
edge influences their awareness of neonic
insecticides, participants were asked about
their knowledge levels of various topics.

Fig. 2. Percent of consumers preferring different in-store pollinator-related promotions. Participants were asked to indicate their top three choices; hence,
percentages do not sum to 100%. aPairwise t test results indicate significance between neonic aware and not aware groups at P < 0.05.

Fig. 3. Pollinator-related plant promotions’ effect on consumers’ purchase likelihood (1 = strong negative effect; 7 = strong positive effect). aPairwise t test results
indicate significance between neonic aware and not aware groups at P < 0.05.
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On average, participants exhibited the
most knowledge about plants, gardening,
and landscaping (Fig. 1). They were less
knowledgeable about farming and agricul-
ture, environmental stewardship, pollinator
insects (in general), plants that improve pol-
linator health, landscape features that im-
prove pollinator health, pollinator health,
entomology, and bee keeping. Neonic aware
consumers were more knowledgeable about
all of the listed topics compared with not
aware consumers. Conversely, the only topic
the not aware groupwas knowledgeable about
was plants, gardening, and landscaping, as
indicated by a value greater than 4. Although
these results imply increased knowledge
among neonics aware consumers, further
analysis is needed to understand the relation-
ship between knowledge and awareness of
neonics. A binary logit regression was used to
assess this relationship. (Marginal effects
were also estimated. The marginal effect
estimates are comparable to the binary logit
model estimates in terms of directionality
and significance. Marginal effect estimates
are available up request from the correspond-
ing author.) The results showed that con-
sumers who are more knowledgeable about
plants that improve pollinator health and
entomology are more likely to be aware of
neonic insecticides, partially supporting hy-
pothesis 1 (Table 2). Consumers’ knowledge
of plants/gardening/landscaping, environ-
mental stewardship, pollinator insects, polli-
nator health, bee keeping, pollinator-friendly
landscape features, and farming/agriculture
did not significantly improve consumers’
awareness of neonics. Younger consumers
were more likely to be aware of neonic
insecticides than older consumers. In addi-
tion, consumers who had achieved a higher
level of education were more likely to be
aware of neonic insecticides. Gender, in-
come, household size, and relationship status
did not influence awareness.

In-store promotions and purchase
likelihood.Concerning consumer preferences

for in-store plant labels, most participants
(44%) preferred ‘‘pollinator friendly,’’ fol-
lowed by ‘‘plants for pollinators’’ (34%),
‘‘bee friendly’’ (34%), ‘‘pollinator safe’’
(33%), ‘‘pollinator attractive’’ (26%), ‘‘bee
safe’’ (26%), ‘‘butterfly friendly’’ (26%), and
‘‘bee attractive’’ (20%; Fig. 2). Fewer partic-
ipants selected ‘‘butterfly attractive’’ (19%)
or a logo/image of butterflies or bees (16%
and 15%, respectively). Only 6% of the
sample selected ‘‘neonic-free.’’ When com-
paring the neonic aware and not aware
groups, both exhibited a similar pattern with
‘‘pollinator friendly’’ being the most pre-
ferred phrasing (Fig. 2). As expected, the
neonic aware group exhibited a stronger
preference for ‘‘neonic-free’’ (15% of the
sample) and ‘‘bee safe’’ labeling (32% of the
sample) when compared with the not aware
group (2% and 24%, respectively), which is
consistent with previous research (Wollaeger
et al., 2015). The not aware group preferred
‘‘pollinator friendly’’ more frequently than
the aware group.

Regarding the effectiveness of pollinator
promotions, most of the signs had similar
positive effects on stated consumer prefer-
ence with ‘‘butterfly friendly,’’ ‘‘butterfly
attractive,’’ ‘‘pollinator friendly,’’ and ‘‘pol-
linator safe’’ phrasing being the most effec-
tive (Fig. 3). Interestingly, the ‘‘neonic-free’’
phrasing had the least influence on con-
sumers’ purchase likelihood. This is likely
due to lack of awareness and familiarity
since only 24% of the sample was aware of
neonic insecticides. When the neonic aware
and not aware groups are studied separately,
the results support this conclusion with
aware participants’ mean value equaling
5.04 and not aware participants’ mean value
being 3.97 (P < 0.001). Interestingly, neonic
aware consumers’ purchase likelihood was
enhanced for the ‘‘pollinator safe,’’ ‘‘bee safe,’’
‘‘bee friendly,’’ ‘‘pollinator attractive,’’ bee
logo/image, and ‘‘neonic-free’’ promotions
when comparedwith the not aware consumers.
This may indicate that as a group they aremore
conscious of pollinator health and actively
seek out products to aid pollinators.

Further analysis of the promotional results
was needed to test hypothesis 2 (i.e., neonic
aware consumers are more likely to purchase
plantswith ‘‘neonic-free’’ labels). Ordered logit
regression model estimates show that con-
sumers who are aware of neonic insecticides
are more likely to purchase plants labeled as
‘‘neonic-free’’ than those who are not aware of
neonics (Table 3). Participants from larger
households were also more likely to purchase
‘‘neonic-free’’ plants than those from smaller
households, potentially due to concerns about
the long-term impact of pesticides on their
children’s and the environment (Yue et al.,
2011). Age, gender, income, and education
level were not significant.

Conclusion

An online survey was used to assess U.S.
consumers’ awareness of neonic insecti-
cides and how that awareness influenced

their purchasing behavior. Overall 24% of
consumers were aware of neonic insecti-
cides, this demographic was younger, more
males, and more educated. In addition,
aware consumers were more knowledge-
able about plants that improve pollinator
health and entomology. Not surprisingly,
neonics aware consumers were more re-
ceptive of ‘‘neonic-free’’ labeling and their
purchasing decisions were more influenced
by ‘‘neonic-free’’ labels compared with
the not aware group. However, for both
groups, ‘‘neonic-free’’ promotions were not
the most influential factor, which suggests
other pollinator-related promotions may
have a more positive impact on consumer
purchasing behavior.

Awareness of neonic insecticides influ-
enced consumers’ perceptions, preferences,
and purchase behavior for plants. Conse-
quently, as neonic-related promotions be-
come more prevalent consumer awareness
will likely increase. Our results indicate that
increased awareness could reduce demand
for plants, if there is limited availability of
neonic-free products. In the United States,
neonic labels are still being investigated and
are currently not required on plants by federal/
state agencies (US-EPA, 2013). Therefore,
green industry stakeholders should investigate
alternative pest management strategies should
‘‘neonic-free’’ labeling become mandatory.

Although the results provide interesting
implications, there are several limitations
that need to be acknowledged, which provide
suggestions for follow-up research. First, the
research methodology relied up self-reported
measures. Although this method is com-
monly used to collect consumer preference
data (McDaniel and Gates, 2010), it can lead
to bias. Future studies could address this
limitation using in-store sales data with items
displaying various pollinator-related labels.
Another limitation is that the responses were
collected using an online survey, meaning
individuals without access to the Internet
were not be included in the sample. Despite
this issue, the authors believe the benefits of
online data collection (i.e., ability to collect
national data, quick response rate, diversity of
participants, and less data entry errors) out-
weigh this drawback (McDaniel and Gates,
2010). Additional research opportunities in-
clude assessing consumers’ willingness to
pay for neonic-free plants and evaluation of
other pollinator-related promotional phrases.
In addition, a cost-benefit analysis of alter-
native pest control options and industry
barriers to adoption of the alternatives is
needed to determine the economic viability
of neonic-free plants.
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