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Abstract: In urban areas, private yards can make up large portions of the available “green space”
which can be used to provide resources for many species, including birds, and pollinators. If residents
are persuaded or willing to plant certain native plants, the aggregate effect of these plantings could be
hugely beneficial for key pollinator species. The objectives of this study are to uncover impediments
to adding different types of pollinator-beneficial plants to private yards, as well as ascertain which
incentives to plant these native plants might be most persuasive, and finally determine if there are
procedural knowledge gaps in how to plant, care for, or where to purchase three pollinator-beneficial
plants. In this study, we randomly selected properties in two counties in southwestern Ohio along
two gradients: parcel size and parcel valuation (as a proxy for income). Two hundred surveys were
distributed and 113 were returned (57% response rate). We find that, in aggregate, respondents do
not have a strong intent to plant these native plants, especially Asclepias syriaca (a milkweed that
serves as host plant to the iconic monarch butterfly; Danaus plexippus) and, surprisingly, the intent to
plant these does not differ statistically even when help with costs, labor, or the provision of online
resources are offered. We also find that the reported knowledge of where to purchase wildflowers is
significantly higher than how to care for them and how to plant them. Lastly, respondents are much
more confident in how to take care of trees compared to the three pollinator-beneficial plants shown
in the survey. We discuss the implications of these findings for outreach and extension purposes.

Keywords: human-environment interactions; ecosystem services; education; habitat; bees; urban;
peri-urban; garden; intent; pro-environmental behavior

1. Introduction

As humans continue to appropriate Earth’s resources [1], finding novel ways to
provide habitat and resources for species other than humans is needed. One of many
potential approaches is to add native plants to private yards or gardens in urban, suburban
and exurban (i.e., peri-urban) areas. Indeed, yards can positively contribute to species
richness and abundance of some species [2,3], especially if they contain native plants [4]. In
particular, private yards can provide enough floral resources and diverse plants necessary
to maintain bee communities [5]. They have the potential to provide many more needed
resources for bees, but also iconic species such as the monarch butterfly, i.e., Danaus
plexippus [6–8]. However, this opportunity depends on what is planted (or not) in these
private gardens as not all green spaces are created equal.

Given that residential gardens operate as a complex adaptive socio-ecological system,
the plants that are found in yards are a result of a multitude of interacting and multiscalar
human and ecological drivers [9,10]. The decision to add native plants in particular (or
keep the native species that were planted by a previous owner, or the landscape archi-
tect/contractor) can be viewed through the lens of pro-environmental behavior model [11]
and will depend on many factors including attitudinal and structural factors (e.g., plant
aesthetics, time, values), the influence of formal and informal institutions (e.g., homeowners
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association rules; [9]), impact, procedural, and normative knowledge [12], knowledge of the
plants’ ecological value, social norms [13], income [14], and habits [11] to name a few.

While the pro-environmental behavior model (or variations of it) is generally accepted,
the weight of influence of the variables that comprise it of varies depending on which pro-
environmental behavior is considered. Furthermore, Kollmuss and Agyeman [11] specify
how there can exist a gap between a) environmental knowledge, values, attitudes, and
awareness, and b) pro-environment choices and behaviors. This gap can be explained by
the presence of barriers to executing the “desired” behavior including external incentives
(socioeconomic and cultural factors for example), strength of internal incentives (e.g., value
system), negative or insufficient feedback about the particular pro-environmental behavior,
old behavior patterns (i.e., habits), lack of time, weak environmental consciousness, and
knowledge gaps [11]. In order to design effective programs to elicit pro-environmental
behaviors, it is important to know the strength of the aforementioned drivers as well as
the perceived or real benefits and barriers to desired behaviors and the perceived or real
benefits and barriers to the competing (undesired) behaviors [15].

Known barriers to adding native plants to landscapes include their lack of availability
in wholesale and retail nurseries [16], preferences for some homeowners for large flowers
and wide green leaves [17], the thought that yards that include these plants can seem
“messy” [18,19], pressure from social norms [13,20], the “belief that native plants belong in
the city [14], influence of socioeconomic factors [14,21], maintenance needs [22] and people’s
familiarity with the plants [23], but also characteristics of yards themselves including yard
size [24]. While much has been done in this regard few studies compare people’s desire
to plant different native plants, as well as procedural knowledge of planting native plants
and how that interacts with intent to plant these plants.

Consequently, ascertaining people’s intent to plant various native plants within the
context of the timing of when to plant them, or whether some barriers such as help with
purchasing the seeds, or the labor that needs to go into planting or knowledge of how to
plant, purchase and care for these plants is needed. Additionally, understanding if certain
native plants are more of less desired could be useful as well. Finally, trying to uncover
knowledge gaps surrounding key aspects of adding these plants to yards can also help in
designing programs to help homeowners add natives to their gardens.

The objectives of this study are to uncover impediments to adding different types of
pollinator-beneficial plants to private yards, as well as ascertain which incentives to plant
these native plants might be most persuasive, and finally determine if there are procedural
knowledge gaps in how to plant, care for, or where to purchase these pollinator beneficial
plants. We focus on the following pollinator beneficial plant types: purple coneflower
(Echinacea purpurea), common milkweed (Asclepias syriaca), and wildflowers (multiple spp.).
We ask the following questions:

1. Is there a difference in mean stated willingness to add the pollinator beneficial plants
shown in the survey based on offers of different types of assistance (e.g., help with
cost or labor) or the timing of when to plant pollinator beneficial plants (this season
or next time changes will be made to respondents’ landscaping)?

2. Is the self-disclosed knowledge of how to plant, care for, and purchase E. purpurea
statistically different, i.e., do the respondents report they are more or less knowledge-
able about planting, caring, or purchasing E. purpurea? Similarly, is the self-disclosed
knowledge of how to plant, care for, and purchase A. syriaca or wildflowers statisti-
cally different? Additionally, is the self-disclosed knowledge of how to plant and care
for trees significantly different?

3. Does self-disclosed knowledge of how to plant, care for, and purchase pollinator
beneficial plants differ between the different plant types shown in the survey, e.g., do
the respondents feel more knowledgeable about planting E. purpurea compared to
wildflowers or A. syriaca and so forth? For this question set, we also compare some
of the answers to the self-disclosed knowledge of planting and caring for trees as a
comparison group.
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4. What are the most frequently cited barriers to adding the plants shown in the survey
to respondents’ yards?

The results of this research could be used to develop and tailor outreach and exten-
sion materials and programs designed to increase pollinator beneficial plantings in the
Midwestern United States.

2. Methods
2.1. Study Area and Sampling Approach

The study area consists of two counties in the midwestern United States of America
(U.S.A.): Darke and Miami counties. Both are located in Southwest Ohio and sit within
the Dayton-Springfield-Sidney Combined Statistical Area delineated by the U.S. Census
Bureau. Combined Statistical Areas are defined by the Census Bureau as “the county or
counties (or equivalent entities) associated with at least one core (urbanized area or urban
cluster) of at least 10,000 population, plus adjacent counties having a high degree of social
and economic integration with the core as measured through [strong] commuting ties”.
Both Darke and Miami counties contain medium-sized cities (Greenville, Troy, and Piqua)
and exhibit suburban to rural urbanization patterns, especially moving north, i.e., away
from Dayton, Ohio (Figure 1). Except for the urbanized areas with strong suburban and
exurban (peri-urban) development, the region is mostly agricultural, dominated by corn
and soybeans, with some forest remnants.

Using parcel data obtained from Darke and Miami Counties’ assessors in 2019 we
selected parcels for which the land-use code was single-family residential. From the
81,859 parcels located in both counties, we were left with 16,390 candidate properties. From
those, we randomly selected 200 properties along two strata, i.e., property valuation and
parcel size, so that we could ensure a range of respondents from various socio-economic
backgrounds and property types. The selected households received a survey that shows
pollinator beneficial plants native to the region but of differing appearance, management
needs, and pollinator service. These were purple coneflower (Echinacea purpurea), common
milkweed (Asclepias syriaca), and wildflowers (multiple spp.).

We ascertained respondents’ knowledge of each plant and willingness to add each
plant to their yards by asking respondents to rate on a 5-point Likert scale of “Strongly
Disagree,” “Disagree,” “Neither Agree Nor Disagree,” “Agree,” and “Strongly Agree”
whether they: (1) know how to plant, (2) how to care for, (3) where to purchase seed,
(4) whether they would add (or add more) of the plants shown in the survey to their yard
next year, (5) whether they would add (or add more) of these plants to their yard next time
they made changes to their landscape, (6) would likely add these plants if help with seed
cost was provided, (7) would likely add these if online resources regarding the purchase,
planting and care of these plants was received, and (8) would likely add these plants if help
with labor is received. For comparison purposes, we also asked some of the aforementioned
questions for trees in general. The full survey instrument can be found in Appendix A.

Surveys were dropped off or left with respondents in Darke and Miami counties, Ohio.
Selected residents were contacted up to four times total. All initial surveys were distributed
from mid-July to mid-August 2019. The first contact consisted of dropping off the survey
at people’s homes without prior contact or notification. If a resident did not answer, the
clear bag containing the survey and a $2 bill (as incentive) was hung on the doorknob
for the respondent to find later. The second contact consisted of a postcard, sent to all
respondents, thanking those who took the survey and gently nudging those who did not,
to take the survey. The third contact consisted of another copy of the survey mailed to all
the non-respondents two weeks after the second contact. The fourth and final contact was
another reminder and thank you postcard. The final postcard emphasized the importance
of the residents’ individual answers and explained this was the last time we were going to
be contacting them. The verbiage for the contact letters and postcards followed examples
found in Dillman et al. (2014).
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We obtained approval prior to conducting the research through Miami University’s
Institutional Review Board (IRB). Our project reference number is 03270e.
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Figure 1. Study area. Study area map displaying the two counties (Darke and Miami counties in
Ohio, U.S.A) from which single-family homes were randomly selected. Additionally, shown are
states for the conterminous U.S.A. and the Dayton-Springfield-Sidney Combined Statistical Area
(CSA) as designated by the United States Census Bureau, as well as cities in the U.S.A. with more
than 10,000 inhabitants. The yellow box in the lower map shows the location of the study region with
respect to the United States of America (and within the State of Ohio).
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2.2. Statistical Analysis

We examined whether the response variables were statistically different for the dif-
ferent groups using one-way Analyses of Variances (ANOVAs) with repeated measures,
performed using the lme package in R [25]. The stated willingness to add the proposed
plants in the following year varied from 1 to 5 with 1 standing for “Strongly Disagree”
and 5 “Strongly Agree”, therefore a mean of three stands for neutral responses. For the
ANOVAs where the group means were significantly different, we performed post hoc multi-
comparison tests with a Bonferroni adjustment for multiple comparisons to determine
which group means differed statistically. Prior to performing the ANOVAs, we visually
assessed that the data in each group were normal (or for the one-way ANOVAs with
repeated measures we examined whether the difference between groups was normal). We
used Bartlett tests to check for heteroscedasticity.

Lastly, to categorize the reasons respondents wrote as reasons why they might not
want to add the various plant choices shown in the survey, we read their answers twice
and grouped the answers into similar concerns and counted the occurrences. Note that
not all respondents chose to answer these questions, and that some respondents wrote in
multiple reasons.

Statistical analyses were performed in R version 3.6.1 (R Core Team, 2019). Aside from
those mentioned above, we used the following R packages in our analyses: foreign, ggplot2,
psych, dplyr, Rmisc, multcomp.

3. Results

Out of 200 surveys distributed, we received 113 responses (57% response rate). Below,
we summarize the research questions and results, including summaries of the statistical
analyses if applicable.

3.1. Is There a Difference in Mean Reported Willingness to Add the Pollinator Beneficial Plants
Shown in the Survey Based on Offers of Different Types of Assistance (e.g., Help with Cost or
labour) or the Timing of When to Plant Pollinator Beneficial Plants (This Season or Next Time
Changes Will Be Made to Respondents’ Landscaping)?

According to a one-way analysis of variance (ANOVA) with repeated measures, the
mean reported willingness to plant E. purpurea does not differ between various offers
of assistance or timing (F(4,425) = 0.93, p = 0.45; Table 1). Similarly, two separate one-
way ANOVAs with repeated measures indicate that the timing or offer of various types
of assistance does not affect the reported willingness to plant A. syriaca (F(4,423) = 0.96,
p = 0.43) or wildflowers (F(4,427) = 1.12, p = 0.35; Table 1).

3.2. Is the Self-Disclosed Knowledge of How to Plant, Care for, and Purchase E. purpurea
Statistically Different, i.e., Do the Respondents Report They Are More or Less Knowledgeable about
Planting, Caring, or Purchasing E. purpurea? Similarly, Is the Self-Disclosed Knowledge of How to
Plant, Care for, and Purchase A. syriaca or Wildflowers Statistically Different? And Is the
Self-Disclosed Knowledge of How to Plant and Care for Trees Significantly Different?

We find no difference in the self-disclosed knowledge of how to plant, care for, and
purchase both E. purpurea and A. syriaca (F(2,214) = 1.25, p = 0.29, and F(2,210) = 1.40,
p = 0.25, respectively). This is not the case for wildflowers (F(2,216) = 7.72, p = 0.0006,
Table 2) or for trees (W = 55, p = 0.003, Table 2). Note that a Wilcoxon signed rank test had
to be performed to ascertain whether planting and caring for trees was different because
the difference between the two was severely non-normal. The mean reported knowledge of
where to purchase wildflowers (M = 3.5, SD = 1.1) is significantly higher than how to care
for them (M = 3.3, SD = 1.2) and how to plant them (M = 3.2, SD = 1.2; Table 2). Similarly,
respondents’ reported knowledge of how to plant trees (M = 4.1, SD = 0.9) is significantly
higher than how to care for trees (M = 4.0, SD = 0.9; Table 2).
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Table 1. Summary statistics for reported intent to plant the native plants shown in the survey when
various types of assistance or options for different timing of plantings are given. Mean +/− 1 standard
deviation (SD) and median for stated willingness (i.e., reported intent) to plant purple coneflower,
common milkweed and wildflowers if assistance is provided with costs, labor, or provision of
online resources; mean +/− 1 standard deviation (SD) and median for stated willingness to add the
particular plant within the next year, or the next time landscaping changes are made to the yard.
Higher values indicate that the respondent is more willing to plant the plants shown in the survey.
The scale varies from 1 to 5, with 5 standing for “Strongly agree,” and 1 “Strongly disagree” so that a
value of three is neutral (“Neither agree nor disagree”). All means are below three, but especially
for common milkweed. The number of respondents who answered each question is provided in the
column labelled n.

Plant Type Variable Mean +/− 1SD Median n Min–Max

Purple coneflower
(Echinacea purpurea)

Help with cost 2.8 +/− 1.2 3 108 1–5
Help with labor 2.7 +/− 1.2 3 107 1–5

Plant when change yard next 2.9 +/− 1 3 107 1–5
Plant next year 2.7 +/− 1 3 107 1–5

Provide online resources 2.8 +/− 1.1 3 108 1–5

Common milkweed
(Asclepias syriaca)

Help with cost 2.4 +/− 1.1 2 107 1–5
Help with labor 2.4 +/− 1.2 2 107 1–5

Plant when change yard next 2.3 +/− 1 2 107 1–5
Plant next year 2.3 +/− 1 2 106 1–5

Provide online resources 2.5 +/− 1.2 3 107 1–5

Wildflowers (multiple spp.)

Help with cost 2.9 +/− 1.3 3 109 1–5
Help with labor 2.7 +/− 1.2 3 107 1–5

Plant when change yard next 2.9 +/− 1.1 3 108 1–5
Plant next year 2.8 +/− 1 3 108 1–5

Provide online resources 2.8 +/− 1.2 3 108 1–5

3.3. Does Self-Disclosed Knowledge of How to Plant, Care for, and Purchase Pollinator Beneficial
Plants Differ between the Different Plant Types Shown in the Survey, e.g., Do the Respondents Feel
More Knowledgeable about Planting E. purpurea Compared to Wildflowers or A. syriaca, and
so Forth

Knowledge of where to purchase the different plants in the survey does differ sig-
nificantly (F(2,208) = 44.63, p < 2 × 10−16, Table 3.) Respondents are significantly less
likely to know where to purchase A. syriaca (M = 2.6, SD = 1.2) compared to E. purpurea
(M = 3.5, SD = 1.1) as well as wildflowers (M = 3.5, SD = 1.1). Knowledge of how to care
for the plants shown in the survey as well as trees also differs statistically between groups
(F(3,312) = 53.94, p < 2 × 10−16, Table 3). Respondents are significantly less sure how to
care for A. syriaca (M = 2.7, SD = 1.2) compared to E. purpurea (M = 3.4, SD = 1.2), and are
much more confident in how to take care of trees (M = 4.1, SD = 0.9; Table 3) compared to
the other three plants shown in the survey. The same patterns can be seen in the responses
for how to plant these plants. The mean reported knowledge of how to plant the various
pollinator beneficial plant choices shown in the survey differs statistically (F(3,314) = 53.23,
p < 2 × 10−16) with respondents stating they are much more knowledgeable about how to
plant trees (M = 4.0, SD = 0.9), than E. purpurea (M = 3.4, SD = 1.2) and A. syriaca (M = 2.6,
SD = 1.1). Overall, respondents say are much less knowledgeable about planting A. syriaca
compared to the other plants shown in the survey (Table 3).
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Table 2. Summary statistics for reported knowledge of planting, caring for, and purchasing the three
pollinator-beneficial plants shown in the survey (as well as for trees as a comparison group). Mean
+/− 1 standard deviation (SD) and median for reported knowledge of where to purchase, how to
plant, and how to care for purple coneflower, common milkweed and wildflowers. Note that the
“where to purchase trees” question was not included in the survey instrument. We conducted three
one-way repeated-measures ANOVAs to test whether the mean reported knowledge about how to
plant, care for, or purchase each of the plants shown in the survey was different. The groups are
the reported knowledge categories. The plant types were Echinacea purpurea, Asclepias syriaca, and
wildflower prairie (multiple species of native plants). Higher values indicate that the respondent
believes they are more knowledgeable. The scale varies from 1 to 5, with 5 indicating that the
respondent strongly agrees with the statement (e.g., “I know how to care for wildflowers”). A value
of one indicates the respondent strongly disagrees with the statement so that a value of three is
neutral (“Neither agree nor disagree”). There is no significant difference between the knowledge
questions for purple coneflower or common milkweed so not further tests were conducted. For the
ANOVA for the wildflowers, the p values reported for the post hoc test of multiple comparisons is
Bonferroni adjusted. ˆ To compare responses for caring and planting for trees since the difference
between reported knowledge of planting and caring for trees is severely non-normal and there were
only two groups a Wilcoxon signed rank test is used. The number of respondents who answered each
question is provided in the column labelled n. Asterisks *, **, and *** denote 5%, 1%, and 0.1% levels
of significance, respectively when testing the null hypothesis that the coefficients equal zero.

Plant Type Variable Mean +/− 1SD Median n Min-Max
Tukey’s HSD Comparison

Plant Care

Purple coneflower
(Echinacea purpurea)

Know how to plant 3.4 +/− 1.2 4 108 1–5
Know how to care for 3.4 +/− 1.2 4 108 1–5

Know where to purchase 3.5 +/− 1.1 4 108 1–5

Common milkweed
(Asclepias syriaca)

Know how to plant 2.6 +/− 1.1 2 107 1–5
Know how to care for 2.7 +/− 1.2 3 108 1–5

Know where to purchase 2.6 +/− 1.2 2 105 1–5

Wildflowers
(multiple spp.)

Know how to plant 3.2 +/− 1.2 3 109 1–5
Know how to care for 3.3 +/− 1.2 4 109 1–5 0.2593

Know where to purchase 3.5 +/− 1.1 4 109 1–5 0.0488 * <0.001 ***

Trees Know how to plant 4.03 +/− 0.9 4 104 1–5
Know how to care for 4.12 +/− 0.9 4 105 1–5 0.003 ** ˆ

3.4. What Are the Most Frequently Cited Barriers to Adding the Plants Shown in the Survey to
Respondents’ Yards?

The most oft-stated reasons respondents mention why not to add the plants shown in
the survey are a general dislike for the appearance of the plants (especially for A. syriaca,
and E. purpurea), that the plants require or are perceived to require more maintenance than
the respondent is willing or has the ability to expend, that the plant(s) spread too much on
their own, and for A. syriaca that it is considered a weed or invasive plant (Figure 2). Please
note that these are reasons specified by the respondents in an open-ended portion of the
survey, i.e., there were no predetermined answer choices for this question on the survey.
Overall, the reasons respondents list as to why they might not want to add E. purpurea,
A. syriaca, and wildflowers to their landscaping overwhelmingly have to do with visual
appeal and appearance, maintenance considerations or lack of knowledge of how to care
for these plants, and considerations about the plants spreading beyond the planted area,
as well as for A. syriaca concerns about it being a weed, or an invasive, or toxic to pets
and livestock.
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Table 3. Statistical comparisons for the reported knowledge of how to plant, care for, and purchase for
the different native plants shown in the survey as well as for trees. Mean +/− 1 standard deviation
(SD) and median for reported knowledge of where to purchase, how to plant, and how to care for
purple coneflower, common milkweed and wildflowers (Echicanea purpurea, Asclepias syriaca, and
multiple spp. of wildflowers, respectively). Note that the “where to purchase trees” question was not
included in the survey instrument. We conducted a one-way repeated-measures ANOVA to examine
whether the mean reported knowledge about how to plant, E. purpurea, A. syriaca, and wildflowers
were different. The same analyses were conducted for the other knowledge statements, i.e., “know
how to care for” and “know where to purchase”. Higher values indicate that the respondent believes
they are more knowledgeable. The scale varies from 1 to 5, with 5 indicating that the respondent
strongly agrees with the statement (e.g., “I know how to care for wildflowers”). A value of one
indicates the respondent strongly disagrees with the statement so that a value of three is neutral
(“Neither agree nor disagree”). The p values reported for the post hoc test of multiple comparisons
are Bonferroni adjusted. The number of respondents who answered each question is provided in the
column labelled n. Asterisks *** denote 0.1% levels of significance.

Question Plant Type Mean +/− 1SD Median n Min–Max
Tukey’s HSD Comparison

E. purpurea A. syriaca Tree

Know how
to plant

E. purpurea 3.4 +/− 1.2 4 108 1–5
A. syriaca 2.6 +/− 1.1 2 107 1–5 1.65 × 10−10 ***

Tree 4 +/− 0.9 4 104 1–5 1.58 × 10−8 *** <2 × 10−16 ***
Wildflowers 3.2 +/− 1.2 3 109 1–5 1 1.51 × 10−8 *** 1.62 × 10−10 ***

Know how
to care for

E. purpurea 3.4 +/− 1.2 4 108 1–5
A. syriaca 2.7 +/− 1.2 3 108 1–5 4.39 × 10−12 ***

Tree 4.1 +/− 0.9 4 105 1–5 7.70 × 10−8 *** <2 × 10−16 ***
Wildflowers 3.3 +/− 1.2 4 109 1–5 1 3.48 × 10−8 *** 1.14 × 10−11 ***

Know where
to purchase

E. purpurea 3.5 +/− 1.1 4 108 1–5
A. syriaca 2.6 +/− 1.2 2 105 1–5 6.66 × 10−15 ***

Wildflowers 3.5 +/− 1.1 4 109 1–5 1 <2 × 10−16 ***Land 2023, 12, x FOR PEER REVIEW 9 of 22 
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Figure 2. Key barriers to adding the pollinator beneficial plants shown in the survey. Number of
times (counts) a respondent stated a particular reason as to why they might not like to add Asclepias
syriaca (Common Milkweed; pink bars), Echninacea purpurea (purple coneflower; purple bars), or
wildflowers (multiple spp.; orange bars) to their yard. This was an open-ended question on the survey
instrument. Out of the 113 respondents to the survey, 48 chose to write at least one reason down in
the answer box provided for that purpose for E. purpurea, 57 for A. syriaca, and 54 for wildflowers.
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4. Discussion

The fact that many respondents mentioned they did not care for the plants’ visual
appearance is expected as these plants do not conform to the traditional aesthetics of
yards with neat (weed-free) lawns and ornamental showy flowers, yet the desire for
those types of gardens is prevalent across the U.S.A. [26]. Others have found that in
the Southwestern United States native landscapes were perceived as unattractive and
high maintenance, but “86% [of respondents said they] would use native plants if native
plants were attractive” [27]. These results were influenced by education and time spent
on horticultural activities. Similarly, in a study of ecological and socioeconomic factors
that affect plant richness composition in residential gardens in Minneapolis MN, the most
important characteristics for planting decisions were “aesthetics, wildlife, neatness, and
food provision” [16].

Unfortunately, most of the undesired characteristics of the plants shown in the sur-
vey (and other pollinator beneficial plants) seem difficult to counter although some or-
ganizations (e.g., the Cincinnati Zoo and Botanical Garden®) do produce plant guides
that promote adding plants that would bloom throughout the Spring, Fall, and Summer
(https://cincinnatizoo.org/horticulture/plant-for-pollinators/resources/). Ostensibly, this
is to provide forage for many insect pollinators during their active season, but can also help
with a flower garden’s appearance over the growing season. Some of the guides also specify
plant height, spread, size of flowers typically and thus can help alleviate some residents’
concerns as well. Finding ways to keep maintenance needs low for large plantings of
these plants (especially weed-free and if possible lower to the ground) seems desired [22].
Perhaps a combination of these plants and groundcover could help counter some of these
impediments and while research along those lines has been conducted in orchards, i.e.,
agricultural settings [28,29], to the best of our knowledge this is an active research need in
urban settings (although see [30]).

Correcting the misconceptions surrounding A. syriaca with the general public is greatly
needed especially since another study found similar concerns in large property owners
and farmers of SW Ohio [6]. Indeed, A. syriaca is neither a weed nor an invasive plant in
this region [31]. It is a native plant that, for full disclosure, can propagate by “sending up
new shoots from roots that spread outward from the parent plant. This clonal reproduction
allows their populations to expand over time, and plants may spread out of their original
area. [ . . . ] Despite the vegetative growth, many of these species are unlikely to create
an ongoing and unmanageable weed problem for roadside managers (or for other land
managers, homeowners, and others)” [32]. As to the fears of it being toxic to livestock and
pets, this needs to be reframed. Indeed, even the ASPCA’s website states that milkweed
can be toxic to dogs, cats, and horses and can cause their death [33] with no allusion to the
fact that it is highly unpalatable to those species, that it would have to be ingested in large
quantities to have those effects, that livestock only eat it if there is nothing else for them to
eat, and that toxicity varies by milkweed species [34,35]. With that said, perhaps the survey
respondents in this study just did not want to take the chance of accidental large quantity
ingestion by pets which of course is understandable, but, for the purposes of this study,
rather unsurmountable.

SW Ohioans were in general slightly unwilling to plant the native plants shown in the
survey. Surprisingly, there is no difference in the mean stated willingness to plant these
pollinator beneficial plants regardless of whether the timing of planting was within the
following year or the next time landscaping changes were made, or whether assistance
with cost, labor, or the provision of online resources were offered. This is especially true for
A. syriaca as, collectively, respondents moderately disagreed that they were willing to plant
it. Overall, these findings are rather problematic as they may indicate that the aesthetic
and other considerations previously mentioned are paramount in these residents’ minds
and since milkweeds spp. are the host plants for the monarch butterfly no substitutes can
be used in this case. It also may mean that for the organizations that currently provide
such incentives to interested homeowners, they are reaching a population that was already

https://cincinnatizoo.org/horticulture/plant-for-pollinators/resources/
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going to make the changes to their landscape regardless of the assistance. If this is the
case, in the long term, it may be more difficult to find willing homeowners. We do not
imply that initiatives that provide these types of incentives should be halted especially
since they are one known effective strategy to help change behavior [36]; however, it
seems wise to find other mechanisms by which to entice residents to put these plants
and other pollinator beneficial plants in their yards. One example of an approach that
worked for native plants in Dunedin (New Zealand), was to use biodiversity assessments
and dialog with homeowners as it led to an increase in knowledge and positive shift in
attitude towards native plant species [37]. After participating in the program, one quarter
of participants incorporated native plants in their yard and 13% stated it was to improve
biodiversity [37]. Another mechanism would include passing policies aimed at improving
conservation efforts for pollinators, which is greatly needed [38,39], including in urban
areas [40]. It is critical that these policies be enforced [41] and integrate the “perspective
of farmers and local communities on the need to conserve pollinators, alongside scientific
understanding” [42].

Other than for A. syriaca, reported knowledge of how to plant, care for or purchase
the plants shown in the survey is strong although, for wildflowers and trees, survey
respondents were significantly less certain of their abilities to plant these species compared
to caring for them or purchasing them. Educational materials, including demonstrations,
videos, and hands-on workshops might be valuable in this regard. Reported knowledge
of purchasing, planting, and caring for A. syriaca is significantly lower than for the other
plants shown in the survey and should be addressed if the vision of 1.3 billion new stems is
to be achieved [8]. Whether or not these plants or seeds are widely available at nurseries
and other retailers is a separate but important barrier to overcome [16,43–45].

Reported knowledge of how to plant and care for trees is high. Given the mistakes
homeowners are known to make when it comes to tree planting and care [46,47] this is a bit
alarming. It might be beneficial to educate homeowners about the needs of trees and it also
may be an opportunity. Some trees provide abundant resources for pollinators [48–50] and
given their general acceptability to residents, the fact they are easier to maintain, that their
aesthetic value is generally high, that the area underneath can be mowed around and not
take up large portions of a yard’s surface area, and that they provide many other ecosystem
services, promoting pollinator beneficial tree plantings could be a straightforward way to
provide floral resources for many pollinators and nesting resource for some. Of course, this
proposed solution would not serve the monarch butterfly populations (Danaus plexippus).

Limitations and Future Research Needs

It is probable that the individuals who took the time to respond to this survey may
have more affinity to gardening than non-respondents. Despite all the measures we took
to increase response rate, 43% of selected households did not return a completed survey.
Given that individuals who like gardening and view it as a hobby are associated with more
wildlife supporting yards [22] the mean responses to the questions about intentions to
plant the native plant species shown in the survey and the plant and gardening knowledge
responses may be higher than they would be for the general population and this should be
considered while interpreting the results presented herein.

We solely surveyed residents of single-family homes in suburban and peri-urban
southwestern Ohio (USA). More research is needed to uncover whether these findings are
universal across geographies, vary by yard size, structure, and classification (e.g., urban,
versus suburban, versus exurban). An interesting area of research would be to examine
whether different typologies of residents exist with regard to adding native plants to private
yards as that could help tailor education and outreach programs for different constituents.
Additionally, we examine people’s intention to add native plantings to their yards but there
exists a gap between intention and behavior [51]. Conducting experiments to ascertain
the width of that gap is greatly needed, although see Champine et al. [52] for such a study
in Fort Collins, Colorado, USA and Knapp et al. [53] for empirical data on this gap in the
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United Kingdom. Lastly, if efforts to add pollinator-beneficial plants in yards are wildly
successful, it will be important to know whether (and in what proportion) residents might
take measures to control stinging insects in their yard. While insect pollinator knowledge
and appreciation has increased over time [54], a study of residents in a county in SW
Ohio found that approximately 5% of residents surveyed specified they would not like
to see these plants in their yards because the plants attracted bees [55]. To the best of our
knowledge, whether this sentiment translates to actively trying to eradicate these insects
from one’s yard is unknown but should be examined closely.

5. Conclusions

The objectives of this study were to uncover impediments to adding different types of
pollinator-beneficial plants to private yards, as well as ascertain which incentives to plant
these native plants might be most persuasive, and finally determine if there were procedural
knowledge gaps in how to plant, care for, or where to purchase these pollinator beneficial
plants. Unfortunately, getting residents of single-family homes to voluntarily add A. syriaca
(common milkweed) to private yards in quantities that are needed to support a thriving
monarch butterfly population may prove to be difficult given SW Ohio residents seem to
dislike the appearance of the plant, its mode of propagation, and have some preconceived
notions as well as somewhat erroneous concerns about the plant itself (e.g., invasiveness).
Focusing instead on planting large areas of milkweed (Asclepias spp.) along roadsides, on
agricultural and government land, and exploring payments for ecosystem services options
might be necessary.

Overall, SW Ohio residents’ intent to add the pollinator-beneficial plants shown in the
survey to the yards of single-family homes is not high and, surprisingly, does not differ
when incentives are offered; even when help with costs, labor, or the provision of online
resources are proposed. Finding other ways to entice homeowners to plant native plants is
necessary, especially given the gap between strong behavioral intentions to plant native
plants and their actual addition to yards [52]. Experimenting with different approaches
to elicit this pro-environmental behavior is needed, such as the one described in van
Heezik et al. [37].

Procedural knowledge, i.e., knowledge of how to plant and care for A. syriaca, E. pur-
purea, and wildflowers is significantly lower than for trees. More education and outreach
in this regard may be warranted. However, education and outreach materials and pro-
grams should consider ways to increase the visual appeal of the plantings (by for example
providing “cues to care” [19]) and decrease maintenance needs (especially compared to
the mindlessness and ease of taking care of turfgrass). Convenience is important when
attempting to convince someone to adopt a pro-environmental behavior [36], especially
planting wildlife friendly yards [22].

The results of this research could be used to design more effective education and
outreach programs for Midwesterners, keeping in mind that the incentives proposed in
this study are unlikely to substantially change the intent to plant these pollinator-beneficial
plants. Other mechanisms (e.g., through policy and/or payment for ecosystem services)
will most likely be needed to markedly increase the area of private yards devoted to native
plants in general but milkweeds in particular in suburban/rural Southwest Ohio (USA).
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