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Abstract 
This study investigates organic pesticide adoption in residential lawn care 
management, incorporating determinants based on a synthesis of multiple li-
teratures. A mail survey using the Dillman method was conducted in Mis-
souri in 2014 with a random sample of 2000 single-family households (44.1% 
effective response rate). The data indicate an adoption rate of 17.7% for or-
ganic pesticides. This unique dataset also allows us to differentiate distinct 
non-adopters by familiarity with the practice as well as non-use of any pesti-
cides. Multinomial logit regressions find environmental concerns, awareness 
of neighbor’s opinions, and gardening behaviors as significant determinants. 
The effects on relative probability of being an adopter are large: 18 times 
more likely for people with serious environmental concerns or 5 times more 
likely for those spending more than 15 hours per month on lawn care. 
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1. Introduction 

Lawns and gardens are popular in the United States; they are a source of enjoy-
ment, a hobby and a source of home value. Homeowners in the U.S. spent about 
$47.8 billion on lawn and garden purchases in 2016, with a record average ex-
penditure of $503 per household [1]. Pesticides are an important component; the 
home and garden sector accounted for about 6% of total U.S. pesticide usage in 
2012, valued at about 24% of conventional pesticide sales, compared to 66% by 
agriculture [2]. The highest expenditure was for insecticides, approximately 80% 
of the total amount spent by households. Pesticides are used to prevent, destroy, 
repel, or mitigate weeds, insects and other pests, and thus maintain the aesthetic 
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value of lawns and gardens, as well as providing an ideal setting for outdoor 
recreation, entertainment and relaxation. However, the negative impacts of con-
ventional pesticides include water pollution, biodiversity loss and exposures in 
children [3]. Therefore, there has been increasing interest in less toxic or organic 
pesticides or pesticide-free practices for use in residential lawn care management 
[4]. 

Potential strategies to reduce use of conventional pesticides are integrated pest 
management (IPM) (pesticide applications based on monitoring and thre-
sholds), organic (monitoring and need-based organic and natural product ap-
plications), and non-use or untreated lawn care techniques. In fact, there are 
overlaps among these three approaches; using no pesticides or using organic 
pesticides can be part of IPM. Organic pesticides are appealing because of their 
less toxic and ready-to-use characteristics, although a few studies show that or-
ganic pesticides may have similar or even greater negative impacts than synthetic 
ones [5]. Homeowners can apply organic pesticides by themselves (following la-
bel instructions) or request professional services [6]. While there has been in-
creasing interest in organic lawn management in the U.S., with widespread 
adoption of organic management practices in public spaces [4], the adoption 
rate of these practices for households is relatively low [7]. 

This leads to our research question: what factors prevent organic pesticide 
adoption and use in lawn care management regardless of the relative safety of-
fered by these products? A fairly extensive literature examines adoption of best 
management practices (BMPs) by farmers. Typically, profitability, risk, envi-
ronmental and health concerns, and some demographic factors are important 
determinants of BMP adoption [8]. For organic lawn care management, the sto-
ry may be a bit different. Differences include the aesthetic value of a weed-free 
lawn to the homeowner and in the eyes of neighbors, the impact on the health of 
family members and pets, and the fact that gardening and lawn care are a hobby 
for some. 

This paper explores determinants of household’s adoption of organic pesti-
cides in lawn care management using evidence from a mail survey in Missouri. 
A better understanding about factors affecting adoption from a homeowner 
perspective is necessary for gardeners, policy makers, environmentalists and 
companies. The existing literature on pesticides often focuses on agriculture ra-
ther than residential contexts, and on practices rather than products. On the 
other hand, the literature on organic products focuses on food consumption ra-
ther than use of items like cleaning or lawn-care products. This paper contri-
butes to the literature on adoption of organic pesticide practices in lawn care 
management by synthesizing empirical studies on both organic consumption 
and organic farming/IPM in order to develop potential factors affecting adop-
tion. In addition, comparing and contrasting adopters and types of non-adopters 
for organic pesticide practices provides deeper insights about the characteristics 
of each group. 
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2. Literature Review 
2.1. Definitions of Organic Pesticides 

Merriam-Webster has definitions of organic that relate to organs, organisms, or 
carbon compounds, but the relevant one in this context is “of, relating to, yield-
ing, or involving the use of food produced with the use of feed or fertilizer of 
plant or animal origin without employment of chemically formulated fertilizers, 
growth stimulants, antibiotics, or pesticides.” The USDA National Organic Pro-
gram only certifies agricultural products as organic if the products are produced 
using allowed substances in the National List of Allowed and Prohibited Sub-
stances, along with suitable production methods and third-party verification. 
However, there may be non-USDA certified organic products such as organic 
pesticides. 

The National Pesticide Information Center (NPIC), a cooperative agreement 
between Oregon State University and the U.S. Environmental Protection Agen-
cy, provides an open list of commercial and homemade organic pesticides: 
bleach, pyrethrins, iron sulfate, copper sulfate, neem oil, vinegar, canola oil, salt, 
garlic, lemon grass, thyme, peppermint oil, etc., in which the overlaps between 
organic pesticides, biopesticides and minimum risk pesticides are acknowledged. 
The Organic Gardener’s Handbook of Natural Insect and Disease Control [9] 
refers to organically acceptable pesticides as organic control products used in 
gardens that have three characteristics: derived from natural substances, less 
toxic to humans than synthetic pesticides, and quickly breaking down in the en-
vironment to harmless substances. Hence organic pesticides generally come with 
specific target pests, slow effectiveness, low residue levels with short persistence, 
and are thus likely to be safer than synthetic pesticides when their applications 
follow the label instructions carefully [9]. However, given the various definitions 
of organic pesticides, gardeners may interpret the term slightly differently. 

2.2. Factors Affecting Household’s Adoption of Organic Pesticides 

The literature on residential adoption of organic pesticides used in lawn care is 
complex. Households buy organic pesticides to use as inputs in a home produc-
tion activity like lawn care and then enjoy their lawn on a regular basis. The 
adoption of inputs like organic pesticides in home production can be related to 
organic agriculture or IMP production practices while the purchase of products 
like organic pesticides by end users may be related to organic consumption 
perspectives. Hence, the literature herein covers studies of both organic con-
sumption and organic or IPM practices in agriculture. Most studies of household 
organic purchases examine consumers of food [10] [11] [12], or specific kinds of 
food like fresh vegetables or fruits (e.g. [13] [14] [15]), and drinks [16], but only 
few cases examine products for other purposes [17]. On the other hand, studying 
determinants of adoption of pesticide best management practices, work has pri-
marily focused on farmers or agricultural producers rather than households [8] 
[18]. For a comprehensive literature review of organic pesticide adoption in lawn 
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care from a household’s perspective, this paper also examines other studies that 
explore demand or preferences of households for organic cleaning products [19] 
[20] or organic lawn care practices in general (e.g. [21] [22] [23] [24]). The fol-
lowing review integrates these literatures to develop a comprehensive set of po-
tential determinants. 

In empirical models, some socio-demographic characteristics have impacts on 
adoption. In the literature on organic purchases, for example, women may be 
more likely to buy organic products, because they express more concern for 
communal goals than men [25] or they want to protect their children from 
harmful effects of chemical products [20]. In the context of organic production, 
women are also likely to be organic producers for the same reasons [26]. 

Household income level consistently shows a positive effect on adoption of 
both organic purchases [11] [17] [27] and BMPs such as organic agriculture and 
IPM [8] [28] because this helps adopters overcome financial constraints related 
to organic products/inputs. We leave cost issues of organic pesticides to a dis-
cussion of price consciousness at the end of this review. 

There are not such clear effects for household size, age, and education. Larger 
households may be less likely to purchase organic products [17], but it does not 
affect adoption of organic production. The number of children may have com-
peting effects; it is highly correlated with household size, potentially reducing 
organic consumption, however having children may increase adoption due to 
health and safety concerns (as discussed below). Young people are more likely to 
buy organic food than older people [29] [30] and they might be more likely to 
adopt organic farming methods than older farmers [26], but the relationship 
between age and probability of BMP adoption is sometimes insignificant [31]. 
Similarly, higher educational level of homeowners tends to result in pesti-
cide-free purchases [11] [27] [32] or use of organic practices [33], but the rela-
tionship is insignificant in other studies [26]. 

Environmental knowledge and attitudes usually are identified as critical driv-
ers of organic adoption. Most empirical studies of organic consumption show 
positive effects on purchase intention of knowledge about organic products, 
awareness of threats from using synthetic pesticides, concerns about current 
quality of soil and water, or general attitudes of environmental protection (e.g. 
[11] [34] [35] [36]). However, the approach based on intended purchase is 
problematic because of the gap between behavior and attitudes toward organic 
products [37] or potential biases relating to environmentally friendly purchasing 
behavior [38]. A few studies show that environmental knowledge and attitudes 
do not positively affect actual purchase of organic products [11], and consumers 
might overestimate their organic purchases [39]. 

In the literature on organic farming, environmental knowledge and attitudes 
also play an important role in the adoption of organic and IPM practices [8] [40] 
[41]. However, the impacts on a farmer’s adoption differ from a consumer’s 
purchase of pesticide-free or lower pesticide products in terms of sensitivity. 
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Consumers are likely to alter their behavior more easily than farmers do under 
awareness of serious environmental degradation, strict subjective norms, and 
high expectation of environment quality [41] [42]. The effect of knowledge on 
farmers’ environmental behavior may also differ based on personal beliefs and 
emotions [43] lack of trust in information sources [44], and uncertainty and 
complexity [45]. Extending the concept of organic agriculture to lawn care 
management, households with more knowledge of lawn care are more likely to 
adopt BMPs [31]. 

In the literature, individually perceived benefits and costs associated with the 
innovation are the main factors affecting the adoption decision. While environ-
mental knowledge and attitudes express public or general benefits, personal 
health and safety represent individual benefits. Organic products often are per-
ceived as healthier or safer than conventional ones [35] [36] which leads to 
higher adoption of organic products to avoid health risks [46] [47]. This is re-
lated to why women, especially those with children, often show preferences for 
organic products, as noted in the demographic section. Many studies show that 
organic agriculture and IPM techniques help farmers reduce or avoid threats of 
chronic poisoning or cancer due to exposure to chemicals [48]. 

In the context of lawn care, health issues become important since household 
members experience a lawn treated with pesticides [3] [49]. Children are highly 
exposed to these chemicals because they often play in yards and pesticide residue 
may touch their skin. Hence, households who have children tend to adopt or-
ganic and natural pesticides rather than conventional ones [6] [50]. However, 
the number of children may negatively affect organic pesticide adoption as dis-
cussed above due to a possible interaction effect with average income, which im-
plies more research is needed on this relationship [11] [51]. 

In addition to safety, expected quality of products can affect adoption. Past 
studies on organic purchase and organic production often view organic products 
as having better flavor [52] higher vitamins [36] as well as lower pesticide resi-
dues [53] which may lead to consumers buying organic rather than conventional 
products [54] [55] [56]. 

Regarding lawns, the concept of quality may include property value and aes-
thetic value (lawn appearance). In general, households who expect that organic 
lawn management may improve their property values are more likely to adopt 
this practice [28]. On the other hand, if the household prioritizes the appearance 
of the lawn, they might be more likely to purchase chemical pesticides, or hire 
commercial firms to effectively treat a problem such as grubs [6]. Perceptions of 
neighbors’ attitudes about practices are considered in the adoption literature, 
with conflicting effects. From the neighbors’ viewpoint, increased chemical pes-
ticide use causes loss of biodiversity, landscape simplification and other harmful 
impacts [57], as a result, homeowners may adopt pesticide restriction techniques 
to reduce these negative impacts [40] [58]. On the other hand, a focus on the 
appearance of the lawn to comply with neighborhood norms may have the op-
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posite effect. Whether households employ a lawn care company for applying 
chemicals and pesticides depends on whether neighbors use them [28]. If people 
in a neighborhood tend to share the same aesthetic values regarding lawns and 
gardens, it may lead to favoring chemical pesticides which are perceived to be 
very effective. Hence, the effect of perceptions of neighbors’ attitudes and prac-
tices on organic pesticide adoption is ambiguous: it is negative for yard or land-
scape appearance, and it is positive for environmentally friendly landscaping. 

Individual preference that relates to enjoyment of yard work or gardening 
may affect the adoption of organic lawn management. For example, people who 
are more interested in gardening and able to do yard work tend to adopt alterna-
tive lawn care practices [22] because they may be more aware of, and gain more 
utility from using BMPs. 

While safety and high quality or enjoyment of an organic lawn delivers bene-
fits to households, the cost of organic products or methods presents a barrier to 
their adoption. Consumers often perceive organic products as expensive com-
pared to conventional ones, which implies price negatively affects organic pur-
chases [35] [36]. For households, commercial lawn management is the most ex-
pensive, followed by homeowner use of synthetic pesticides, and IPM or organic 
lawn management, which may include homemade organic pesticides [6]. Using 
no products obviously has no out-of-pocket costs. However, cost needs to be 
considered along with the associated quality or outcome. In the context of agri-
culture, the total cost of IPM or organic practices can potentially be lower, al-
though farmers may substitute additional labor. Availability of cheap labor rela-
tive to pesticide cost may positively affect adoption of organic agriculture [59]. 

Besides cost issues, convenience has been considered a barrier to organic 
adoption. The concept of convenience refers to the amount of time involved 
with new practices. Studies found that consumers did not switch to organic food 
products due to convenience reasons like availability of organic products [35] or 
search time [60]. However, the implementation of USDA’s national organic 
labeling standards in 2002 has helped to address these issues by providing quali-
ty assurance for organic foods [61]. Additionally, since 2006, the “Walmart ef-
fect” on the organic product market alleviated convenience issues [12] [62]. Re-
garding organic production, convenience may be related to availability of labor 
[59] or other inputs. Lawn care and pesticide use can be analyzed in the house-
hold production-consumption model of Becker (1965) [63]. In this model, the 
indirect utility of the household decreases with chemical pesticide use, but in-
creases with leisure hours. Hence, time scarcity may negatively affect the adop-
tion of organic lawn products. 

Organic pesticides are potential replacements for conventional ones for resi-
dential use because of their safer yet ready-to-use characteristics. However, the 
household adoption rate of organic pesticides is currently low. By merging the 
literatures of organic consumption, organic farming as well as IPM practices, 
and lawn care management practices, this paper extracts hypotheses for poten-
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tial determinants of organic pesticide adoption in lawn care from the house-
hold’s perspective as summarized in Table 1. Demographic variables like female 
gender and higher income level show positive effects on organic adoption while 
the effects of age and education are less robust. Environmental knowledge and 
attitudes, personal safety, and enjoyment of gardening may positively affect the 
use of organic pesticides while yard appearance/neighborhood norms and time 
scarcity have potentially negative impacts on adoption. There are various com-
binations of those attributes or dimensions, leading to difficulties in the classifi-
cation of adopters for organic pesticides. There exist gaps in the literature re-
garding the role of children, perception of neighborhood attitudes, convenience, 
and knowledge on residential organic pesticide adoption. 

3. Conceptual Framework 

The study employs a discrete choice framework to examine determinants of or-
ganic pesticide adoption from the household perspective. For simplicity, house-
hold decisions are considered as individual choices as is usual in adoption stu-
dies. We thus ignore intra-household factors that may affect household deci-
sions. Rogers (1962) provided a foundation for understanding adoption and 
diffusion of innovations. Adoption is an individual choice of accepting or re-
jecting an innovation that can be an object, technology, practice, etc., perceived 
as new to potential adopters [64] [65]. In this study, the innovation is use of or-
ganic pesticides in lawn care. 

 
Table 1. Hypothesized effects on organic pesticide adoption. 

Factor Organic consumption Organic agriculture/ IPM 

Demographic variables 

Younger age 

Female 

Higher education 

Higher income 

Larger household 

 

(+) 

+ 

(+) 

+ 

− 

 

(+) 

+ 

(+) 

+ 

− 

Environmental knowledge/attitudes + (+) 

Personal health and safety concern 
Having children 

+ 

(+) 

+ 

 

Lawn quality 

Yard appearance 

Enjoyment 

 

 

 

 

− 

+ 

Perceptions of neighborhood attitudes +/− +/− 

Price consciousness − − 

Desire for convenience/time scarcity − − 

Note: (+) or (−) means the signs are insignificant in some studies; +/− means the sign is indeterminant, for 
example neighbor’s environmental concern (+) or expectations of aesthetic value (−) 
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Discrete choice models can be derived from a utility maximization approach. 
Depending on whether use or non-use of the organic pesticide delivers greater 
utility (indirect utility value), households decide to be adopters or non-adopters. 
This paper uses a random utility-based discrete choice model (RUM), which in-
cludes stochastic or latent attributes of alternatives and individual characteristics 
[66], and has several advantages. First, the model can cover some components of 
preferences, which are unobservable to the researcher [67] [68]. Second, the 
RUM has a firm foundation in economics [69]. Another advantage is that the 
derived logit model is easily tractable with good empirical performance [66] 
[70]. 

The indirect utility of a typical RUM can be approximated by an appropriate 
linear function of observed characteristics of the alternatives, the individual, and 
the economic environment, and random error representing unobserved factors 
[71]. For multiple discrete choices, we have a set of random utilities associated 
with corresponding alternative choices for an individual. The derived logit mod-
el, also known as a multinomial logit model (MNL), is widely used to predict the 
probability or likelihood of the choice that yields the greatest utility among al-
ternatives given a set of observed characteristics hypothesized to affect perceived 
utility. Specifically, MNL models require that random errors in the RUM are in-
dependently distributed and follow type 1 extreme value or log-Weibull distri-
bution for a closed form likelihood expression of the integration [71]. Another 
important assumption of MNL models is the axiom of independence from irre-
levant alternatives (IIA) [67]. The IIA assumption is to model individual choice 
probabilities and this can be tested by the Hausman-McFadden test or the 
Small-Hsiao test. Maximum likelihood estimation (MLE) is considered to be the 
most common method to estimate MNL models [66]. Estimation of the MNL 
model provides estimates of parameters or weights of observed characteristics 
used in the RUM [71]. Based on the results of the model, specific hypotheses ex-
tracted from the literature review are tested. 

The main interest of this study is to examine the effects of environmental 
knowledge and attitudes, importance of neighbors, health concerns, and lawn 
care behaviors on a household’s organic pesticide adoption decision. We hypo-
thesize that pro-environmental attitudes positively affect adoption. Specifically, 
households who care more about the environment are more likely to adopt or-
ganic pesticides than conventional ones. This effect may be less for residents not 
applying any pesticides to their lawns. We also expect that households with more 
knowledge about the environment, and who are more familiar with organic pes-
ticides will be more likely to be adopters. However, the importance given to the 
opinions of neighbors may negatively affect adoption; if it is important to them 
that their neighbors think they have a nice lawn they will prioritize aesthetic 
values over environmental ones. 

Based on the previous literature, we assume that families with young children 
have more health concerns regarding the safety of pesticides applied to their 
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lawns. Given this assumption, we predict a positive effect of young children on 
adoption of organic pesticides. Other demographic variables are included as 
controls. 

Gardening behavior is expected to influence households’ adoption choices 
because this relates to personal preferences. In this study, dimensions of lawn 
care behavior are conceptualized by time spent on lawn care and use of profes-
sional services for pest control. People often spend more time on yardwork if 
they enjoy gardening, and thus are expected to be more likely to be aware of and 
adopt environmentally friendly practices. On the other hand, households who 
use professional services for pest control will be less likely to adopt organic pes-
ticides. 

4. Empirical Model and Data 
4.1. Empirical Model 

We build a multinomial logit model to test our hypotheses of organic pesticide 
adoption using a sample of households obtained by the 2014 Hinkson Creek 
Household Survey. The survey was mailed to single-family detached homes in 
Columbia, Missouri using a random sample of 2000 residences provided by 
Survey Sampling International. The Dillman method was used with four waves 
of contact: a postcard notice, a cover letter and survey packet, a reminder post-
card, and a final complete survey packet. The person most responsible for gar-
dening was asked to respond the questionnaire. After removing invalid ad-
dresses, deceased residents, and those without yards, there were 1773 potential 
respondents. We received 783 completed surveys resulting in an effective re-
sponse rate of 44.1%. 

The MNL model uses variables constructed from the survey results. Assuming 
revealed preferences of decision makers for conservation practices [72], the de-
pendent variables related to the respondent’s knowledge/experience of using or-
ganic pesticides. The choices included “Not applicable”, “Never heard of it and 
not using it” (Never heard), “Somewhat familiar with it but not using it” (Know 
somewhat), “Know how to use it but not using it” (Know well), and “Currently 
use it” (Adopter). We do not eliminate “Not applicable” because this choice ac-
counts for a substantial number of observations, 184 respondents, and it may 
imply various latent possibilities for not adopting organic pesticides, including: 
not using any pesticides, no availability of necessary organic pesticides, using 
professional pest control companies, etc. Of these 184 “Not applicable” cases, 
there are 61 residents who did not use professional services for pest control, 
never apply fertilizers to their lawns, and said “not applicable” for reading and 
following pesticide application instructions for their yards or gardens. Given 
these responses, we assume that these 61 households did not use any pesticides 
at all for their lawns. Thus, we put these non-adopters into a separate group 
called “Not using any pesticides” to distinguish them from other “Not applica-
ble” non-adopters. In this way, the dataset enables us to differentiate five distinct 
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types of non-adopters in the context of the MNL model. 
Explanatory variables of the model describe observable attributes affecting the 

choice outcome and they are defined based on respondents’ answers. We opera-
tionalize these variables to employ them in the MNL model. For seriousness of 
environmental concerns regarding locally excessive use of pesticides, the survey 
responses included: “not a problem”, “slight problem”, “moderate problem”, 
“severe problem”, and “don’t know,” accounting for 19, 130, 276, 221, and 109 
cases, respectively. We combine the first two categories into “not or slight prob-
lem” and use it as the base category. Agreement with the statement “It is impor-
tant that my neighbors think I have a nice lawn” was assessed using a five-point 
Likert scale, from “strongly disagree” to “strongly agree”. There were 61, 159, 
251, 257, and 24 respondents for the respective categories. We merge “strongly 
disagree” and “disagree” into a disagree category, and similarly form an agree 
category, while keeping “neutral” answers separate. To get at health concerns of 
pesticide use on young children we created a dummy variable for whether the 
household has at least one child under age 12. 

Time spent gardening, one of two aspects of gardening behavior, was meas-
ured by four time-interval categories: “0 - 5 hours”, “6 - 10 hours” (the base cat-
egory), “11 - 15 hours”, and “more than 15 hours.” We keep this variable as de-
scribed in the survey to represent household’s monthly hours spent on garden-
ing and lawn care during the growing season, which may indicate preferences 
for gardening as a hobby. We also examined the professional lawn care services 
used by the household; the options included: “No”, “Yes, just for mowing”, “Yes, 
for mowing and fertilizing”, “Yes, just for fertilizing and pest control”, and “Yes, 
for mowing, fertilizing, and pest control” accounting for 522, 50, 36, 105, and 40 
cases, respectively. We constructed a dummy variable by combining the first 
three responses into “not using pest control services,” while the last two res-
ponses became “using a pest control service.” 

To increase the explanatory power of the model, we added specific attributes 
of the background environment and demographic variables [71] [73]. The need 
for effective pest control is proxied by weed density in the lawn; we expect low 
weed density to be associated with organic pesticide adoption and for high weed 
density to be associated with non-adoption. Alternatively, this variable may 
represent previous use of effective synthetic pesticides in which case the effect on 
adoption would be opposite. In the dataset, the weed density measured by the 
average number of weeds per square yard is represented by five options: “None”, 
“1 to 10”, “11 to 40”, “More than 40” weeds, and “Don’t know” resulting in 50, 
259, 151, 37, and 254 cases, respectively. We combine the categories of “None” 
and “1 to 10” into “Less than 10” and use that as the base category. 

For demographic variables, we choose gender, age, annual household income 
and educational attainment which theoretically affect the adoption choices in 
our model. (The presence of young children is included above.) Gender is a 
dummy variable with female as the base. The survey contained four age inter-
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vals: “18 - 30 years”, “31 - 45 years”, “46 - 60 years”, and “Over 60 years” (the 
base category). Educational attainment consists of five possible categories: 
“Some formal schooling”, “High school diploma or GED”, “Some college or 2 
year college degree”, “4 year college degree”, and “post-graduate degree” with 8, 
72, 154, 254, and 265 cases, respectively. We combined the first two categories 
into a “High school or less” base category. Annual household income included 
five options: “less than $24,999”, “$25,000 - $49,999” (the base), “$50,000 - 
$74,999”, “$75,000 - $99,999”, and “$100,000 or more.” 

To sum up, the empirical MNL model is specified as follows: 

( ) ( )
( )6

1

exp

exp
i k

i
i jj

x
P y k

x

β

β
=

= =
∑

 

The model takes a simple form of Luce model (e.g. [67] [71] to predict the 
probability or the likelihood that choice “yi” made by household “i” occurs over 
the sample of size “n.” “k” represents alternative organic pesticide adoption 
choices: “adopt”, and five non-adopter alternatives: “never heard”, “know 
somewhat”, “know well”, “not use any pesticides”, and “other N/A.” We can 
thus classify households as adopters and distinct types of non-adopters. Since we 
distinguish among various types of non-adopters, we use “adopters” as the base 
of the model, which differs from traditional adoption studies. 

In the model, “x” is a vector of explanatory variables from household “i” res-
ponses while “β” is vector of corresponding parameters in the model. Since all 
variables used categorical data, we choose a specific reference category for each 
variable for estimation and interpretation of the MNL model. In a base model, 
“x” includes these variables: Seriousness of environmental concerns (base: not or 
slight problem), Importance of neighbors’ perception of nice lawn (base: agree), 
Having at least one child under 12 (base: no), Monthly hours spent on lawn 
(base: 6 - 10 hours), Using professional pest control services (base: no), Weed 
density (base: less than 10 weeds per square yard), Male (base: Female), Age 
(base: above 60 years), Education (base: high school or less), Household income 
(base: $25,000 - 49,000). 

4.2. Data Description 

Summary statistics for the data used for the regression model can be found in 
Table 2. These statistics are reported for the dataset as a whole as well as sepa-
rately for adopters and different types of non-adopters. (Column percentages by 
each variable category sum to 100%.) After removing missing values of the out-
come (28 observations), the adoption rate for organic pesticides is 17.7% while 
non-adoption rates of “Never heard”, “Know somewhat”, “Know well”, “Not 
using any pesticides”, and “Other N/A” groups are 5.5%, 28.8%, 23.7%, 8.0%, 
and 16.3% respectively. Compared to the adoption rate of residential organic 
lawn care in Louisiana of 15.6% [7], the adoption rate in this sample is slight 
larger. 
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Table 2. Summary statistics. 

Variable 

Sample Proportions* Adopters Non-Adopters 

Mean Std. Dev.  
Never 
heard 

Know 
somewhat 

Know well 
Not using any 

pesticides 
Other not 
applicable 

Organic Pesticide Adoption   17.7% 5.5% 28.8% 23.7% 8.0% 16.3% 

Predictors         

Seriousness of environmental concerns         

Not or slight problem (base) 0.197 0.014 9.8% 26.2% 23.4% 18.0% 13.1% 27.6% 

Moderate problem 0.366 0.018 37.6% 35.7% 38.5% 39.9% 23.0% 34.1% 

Severe problem 0.293 0.017 40.6% 11.9% 27.5% 30.9% 39.3% 18.7% 

Don’t know 0.144 0.013 12.0% 26.2% 10.6% 11.2% 24.6% 19.5% 

Neighbors opinion of lawn important         

Disagree 0.375 0.018 30.3% 38.1% 39.8% 44.4% 9.8% 44.7% 

Neutral 0.292 0.017 33.3% 21.4% 26.9% 27.2% 47.5% 25.2% 

Agree (base) 0.333 0.017 36.4% 40.5% 33.3% 28.3% 42.6% 30.1% 

Have children under 12 0.242 0.016 19.4% 29.3% 25.1% 27.5% 26.7% 19.8% 

Monthly hours spent on gardening/lawn         

0 - 5 hours 0.195 0.014 9.8% 26.2% 18.1% 14.0% 37.3% 29.8% 

6 - 10 hours (base) 0.347 0.017 25.0% 47.6% 38.6% 34.3% 32.2% 35.5% 

11 - 15 hours 0.221 0.015 25.0% 14.3% 22.3% 27.0% 13.6% 18.2% 

More than 15 hours 0.237 0.016 40.2% 11.9% 20.9% 24.7% 16.9% 16.5% 

Hire pest control services 0.193 0.014 22.0% 21.4% 20.6% 17.9% 0.0% 24.8% 

Lawn attributes         

Number of weeds per square yard         

≤10 weeds (base) 0.411 0.018 45.4% 38.1% 38.2% 45.8% 26.2% 43.4% 

11 - 40 weeds 0.201 0.015 19.2% 11.9% 12.7% 23.5% 26.2% 13.1% 

> 40 weeds 0.049 0.008 4.9% 2.4% 6.9% 2.8% 1.6% 4.9% 

Don’t know 0.338 0.017 28.5% 47.6% 33.2% 27.9% 45.9% 38.5% 

Demographic characteristics         

Male 0.632 0.018 57.1% 66.7% 68.1% 67.4% 45.9% 62.8% 

Age         

18 - 30 years 0.085 0.010 4.5% 9.5% 9.7% 6.2% 14.8% 10.7% 

31 - 45 years 0.253 0.016 23.3% 28.6% 25.8% 27.5% 29.5% 19.8% 

46 - 60 years 0.307 0.017 29.3% 33.3% 33.6% 27.0 % 29.5% 32.2% 

>60 years (base) 0.355 0.017 42.9% 28.6% 30.9% 39.3% 26.2% 37.2% 

Educational attainment         

High school or less (base) 0.106 0.011 7.5% 9.8% 10.1% 10.6% 8.2% 16.5% 

2-year or some college 0.205 0.015 23.3% 22.0% 18.0% 22.2% 23.0% 17.4% 
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Continued 

4-year college 0.337 0.017 33.1% 34.1% 36.9% 34.4% 31.1% 28.9% 

Post-graduate 0.352 0.017 36.1% 34.1% 35.0% 32.8% 37.7% 37.2% 

Household income         

$0 - $24,999 0.076 0.010 4.0% 17.6% 5.5% 4.0% 17.2% 7.5% 

$25,000 - $49,999 (base) 0.201 0.015 21.6% 23.5% 15.6% 21.6% 31.0% 25.2% 

$50,000 - $74,999 0.264 0.017 28.8% 14.7% 26.6% 25.3% 27.6% 28.0% 

$75,000 - $99,999 0.172 0.014 14.4% 23.5% 19.6% 17.6% 15.5% 14.0% 

$100,000 and above 0.287 0.017 31.2% 20.6% 32.7% 32.9% 8.6% 25.2% 

Note: For categorical variables, the fractions are defined on the domain (0, 1). 
 

The summary statistics in Table 2 show that adopters look different from the 
sample as a whole in seriousness of environmental problems regarding pesti-
cides, neighbor opinions of their lawn being important, and time spent garden-
ing. There are also several noticeable differences across distinct types of 
non-adopters. For example, “severe” is the most common response regarding 
pesticide problems for adopters and for those who use no pesticides, 40%, com-
pared to 29% for the whole sample. Compared to the whole sample (38%), a 
lower percentage of adopters (30%) disagree that neighbors’ opinions are im-
portant, but this difference masks the much lower level of disagreement among 
those not using any pesticides (10%) and the much higher disagreement (over 
44%) of non-adopter categories know well and other N/A. This data highlights 
the importance of distinguishing among types of non-adopters and separating 
those who use no pesticides from other responses. About 40% of adopters spent 
more than 15 hours per month gardening while the most common response 
overall was 6 - 10 hours. The most common response for those who don’t use 
pesticides was 0 - 5 hours, which was the second most common for never heard 
and other N/A categories (26% and 30%). The weed question is also interesting; 
28% of adopters didn’t know how many weeds they had, but for those who had 
never heard of organic pesticides and those who don’t use pesticides, over 45% 
didn’t know. This may indicate that these non-adopters are more generally not 
interested in gardening and lawn care. 

Demographic statistics indicate that adopters are somewhat less likely to be 
male than all non-adopter categories other than those who use no pesticides. 
They are also less likely to have young children. Adopters are older than the 
sample as a whole, especially compared to those who use no pesticides. Educa-
tional levels for adopters and those using no pesticides are fairly similar, but 
those who use no pesticides are much more likely to be in the lower income cat-
egories than adopters. Given the population for this dataset (those living in 
homes with yards), respondents being older, richer, and more educated than the 
relevant Census data is reasonable [73]. In Table 2, we also see the standard 
deviations of the sample averages are small: less than 0.02 and about 10% of the 

https://doi.org/10.4236/jep.2020.114016


L. Tran et al. 
 

 

DOI: 10.4236/jep.2020.114016 282 Journal of Environmental Protection 
 

corresponding sample means. This implies the sample means are statistically 
robust, and thus the dataset is appropriate for further analyses of the determi-
nants of organic pesticide adoption. 

5. Results and Discussion 

We begin this section by discussing the way the regression results are reported 
and interpreted. For our empirical MNL model where adopters are the base and 
distinct types of non-adopters represent alternatives, there are separate out-
comes for each type of non-adopter category as if we independently estimated 
logistic regressions for each group of non-adopters compared to adopters. In 
other words, the model results include estimated coefficients, significance levels, 
and goodness-of-fit statistics for non-adopter types of “never heard”, “know 
somewhat”, “know well”, “not use any pesticides”, and “other N/A”, compared 
to the base of adopters. Since all explanatory variables are categorical, a coeffi-
cient is interpreted as the difference in the logit or log-odds of being a specific 
type of non-adopter rather than an adopter, due to the effect of that response 
category versus the base category, all else equal. The exponential of an estimated 
coefficient can be interpreted as how many times more/less likely it is to be a 
specific non-adopter type versus an adopter of organic pesticide practices. A 
positive coefficient means the odds are greater than 1: the respondent is more 
likely to be a non-adopter than adopter if they chose that response category ra-
ther than the base category for that variable. A negative coefficient implies the 
respondent is less likely to be a non-adopter than an adopter based on that vari-
able. Again, this differs from typical adoption studies; here, negative coefficients 
imply that variable positively affects adoption. 

Regression results of the preferred model are reported in Table 3. In terms of 
goodness-of-fit of the MNL model, the McFadden pseudo R2 is 10.8% (the alter-
natives Nagelkerke or Cox & Snell pseudo R2 are about 30%). Since the model 
uses the MLE method to calculate estimates, the pseudo R2 implies a different 
interpretation from that of ordinary least squares (OLS), but in general, the 
higher the pseudo R2 value, the better the fit of the model. While the low pseudo 
R2 implies the model might be improved by adding more explanatory variables, 
it is acceptable relative to other empirical studies [73]. Moreover, the likelihood 
ratio test for the model is highly significant, α-level = 1% confirming that the 
model significantly predicts the likelihood of organic pesticide non-adoption. 

From Table 3, we can see important variables in the model. Only statistically 
significant results are discussed. As expected, perceived seriousness of environ-
mental problems related to pesticides affects adoption of organic pesticides. The 
estimated coefficients are negative, implying those who indicated “moderate 
problem” rather than the base “not or slight problem” are less likely to be 
non-adopters, or in other words, they tend to be adopters. If they indicated it is a 
“serious problem” they are less likely to be a non-adopter, except those who use 
no pesticides, and the effects are generally larger. For example, the estimate for  
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Table 3. Multinomial logit regression results for the full model (Base: Adopters). 

Independent Variables (Factors) 
Non-Adopters 

Never heard Know somewhat Know well No Pesticides Other N/A 

Personal attitude measures      

Environmental concerns (base: Not or slight problem)      

Moderate problem −1.365** −0.976** −0.834* −1.413** −1.492*** 

Serious problem −2.692*** −1.227*** −0.842 * −0.819 −2.039*** 

Don’t know −0.288 −0.663 −0.398 −0.044 −0.699 

Neighbors’ opinion of lawn important (base: Agree)      

Disagree −0.900 −0.782** −0.763** 0.769 −1.133*** 

Neutral −0.198 −0.509 −0.633** 1.039* −0.824** 

Having children under 12 (base: No children)      

At least 1 child 0.495 0.095 0.188 0.357 0.019 

Gardening behaviors      

Monthly hours spent gardening (base: 6 - 10 hours)      

0 - 5 hours 0.713 0.334 0.112 0.775 0.747 

11 - 15 hours −1.118** −0.613** −0.315 −0.835 −0.853** 

More than 15 hours −1.661*** −1.245*** −1.015*** −1.580*** −1.500*** 

Pest control services hired (base: No)      

Use service −0.013 −0.139 −0.423 −16.269 0.168 

Lawn attributes      

Number of weeds per square yard (base: <10 weeds)      

10 - 40 weeds 0.297 0.491 0.251 0.972** 0.085 

More than 40 weeds −15.790 0.710 −0.546 −1.232 0.388 

Don’t know 0.711 0.457 0.097 0.944** 0.413 

Demographic characteristics      

Male 0.522 0.436 0.433 −0.278 0.358 

Age (base: >60 years) 

18 - 30 years 0.923 0.851 0.138 1.267* 0.944 

31 - 45 years 0.147 0.184 0.017 0.423 −0.005 

46 - 60 years 1.051* 0.421 −0.065 0.830* 0.489 

Educational attainment (base: High school or less)      

Some college or 2-year college −0.500 −1.094** −0.878* −0.703 −1.135** 

4-year college −0.121 −0.409 −0.616 −0.061 −0.710 

Post-graduate −0.151 −0.640 −0.790 −0.046 −0.540 

Household income (base: $25,000 - $49,999)      

<$24,999 0.802 −0.024 0.269 0.465 −0.317 

$50,000 - $74,999 −1.212* −0.144 −0.048 −0.526 −0.556 

https://doi.org/10.4236/jep.2020.114016


L. Tran et al. 
 

 

DOI: 10.4236/jep.2020.114016 284 Journal of Environmental Protection 
 

Continued 

$75,000 - $99,999 0.014 0.312 0.309 −0.207 −0.503 

>$100,000 −1.360* −0.178 0.044 −1.530** −1.087** 

Constant 0.413 2.099*** 2.179*** −0.482 2.793*** 

Goodness-of-fit      

N 661 

LR Chisquare (120) 236.35 

Pr (>Chisquare) 1.283e−09*** 

AIC 2208.599 

BIC 2770.318 

McFadden’s Pseudo R2 10.8% 

Cox & Snell Pseudo’s R2 30.1% 

Nagelkerke’s Pseudo R2 30.1% 

Notes: Superscripts *, ** and *** indicate statistical significance at the 10 percent, 5 percent and 1 percent levels, respectively. 
 

“never heard” is the largest, at 2.7, followed by “other N/A” at 2.0. An alternative 
interpretation using these exponents is that if a respondent indicates that pesti-
cides are a serious problem (versus the base), the probability of being 
non-adopter type “never heard” is 15 times less likely than being an adopter, and 
being “other N/A” is 7 times less likely. The effects are smaller for “know some-
what” and even smaller and less significant for “know well”. These results hint at 
the role of environmental knowledge, in addition to concern, that is highlighted 
in the organic literature. Households who are more familiar with organic pesti-
cides could more easily transition to being adopters. The fact that those who in-
dicate it is a serious problem are not significantly less likely to not use pesticides 
than to adopt organic ones implies that at least some people do not use pesti-
cides due to environmental concerns. 

For the importance given to neighbors’ perceptions of their lawn, if people 
disagree this is important (versus agree) they are less likely to be in the “know 
somewhat”, “know well”, or “other N/A” categories than to be adopters. In other 
words, adopters put less weight on the opinions of their neighbors than these 
categories. The lack of adoption by those who care what the neighbors think may 
relate to the perceived lower effectiveness of organic products, but examining the 
summary statistics, adopters do not have weedier lawns. The magnitude of the 
effect for the two non-adopter categories with some knowledge is similar; they 
are about two times (=e0.8) less likely to be adopters. The effect of disagreeing 
with the statement is the highest for the “other N/A” category. Households who 
are not using any pesticides are distinct from other non-adopters since the coef-
ficients are positive, and for the neutral response, significant. In other words, if 
they are neutral, they are more likely to not apply pesticides than to be adopters. 
This may indicate that they don’t care about either their lawn or their neighbors. 

The effect of health concerns represented by whether households have child-
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ren under 12 is not significant in this study, although estimated coefficients are 
positive for every type of non-adopters. This result is unexpected and robust to 
an alternative specification of dropping a somewhat correlated variable, age. As 
indicated in the literature review, there are two counteracting effects, health 
concern and the financial effect of having a larger family. The role of children 
regarding organic purchases is still not clear in the literature [51]. 

Gardening behaviors, defined by time spent gardening and use of pest control 
services, have different effects on adoption. Similar to the results regarding per-
ceived seriousness of environmental problems, those indicating they spent 
“more than 15 hours” gardening versus the base category of “6 - 10 hours” were 
significantly less likely to be in any of the non-adopter categories. In other 
words, serious gardeners are more likely to use organic pesticides, as expected 
from the literature. The magnitudes are large: the biggest effect is for “never 
heard,” followed by “no pesticides”, “other N/A”, “know somewhat”, and “know 
well”. Thus, the probability of non-adoption relative to adoption would be from 
3 - 5 times less for gardeners spending more than 15 hours a month for lawn 
care. The probability is smallest for those with the most knowledge and largest 
for those with the least knowledge. Note that time can be also treated as a subs-
titute input for pesticides in the model proposed by Templeton et al. (1999) [63]. 
Holding other factors constant, the other gardening behavior, use of pest control 
services, is not significant in the study. 

There is only one type of non-adopter category for which weed density is sig-
nificant. Households whose lawn has 10 - 40 weeds per square yard (versus less 
than 10) or simply don’t know are more likely to be non-adopters who don’t use 
pesticides rather than being adopters. The results support the hypothesis that 
not using any pesticides (or not caring) may have allowed the proliferation of 
weeds, rather than weeds representing a need for effective herbicides/pesticides. 
The estimates are approximately 0.95 implying the probability of not using any 
pesticides is 3 times more likely than adoption for those response categories. The 
effect of “greater than 40 weeds” is not significant which may be partly due to 
the low number of responses in this category. 

Demographic variables do not seem to have much impact on organic pesticide 
adoption. While the signs for male versus female generally align with the litera-
ture, there are no significant effects, ceteris paribus. This result is similar to Shin 
and McCann [73] for the adoption of watershed conservation practices. Regard-
ing age, compared to those over 60, those 18 - 30 are more likely to not apply 
pesticides than to adopt organic ones. They may be new to having a home and 
yard and starting their careers. The middle-aged category, versus over 60, is 
more likely to have never heard of organic pesticides or to not apply any pesti-
cides than to adopt. The probability of being these non-adopter types is about 3 
times more likely than being an adopter. In other words, there is some evidence 
that those over 60 are more likely to adopt. 

If a respondent had some college versus a high school diploma or less, they are 
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somewhat more likely to be adopters. From Table 3, the significant coefficient 
estimates are −1.09, −0.88, and −1.14 for “know somewhat”, “know well”, and 
“other N/A” non-adopters, respectively. That means they are about 3 times less 
likely to be adopters. These results support studies which imply positive effects 
of educational level on adoption in the organic literature. However, there are no 
significant effects for the higher education. 

The main reason for the positive effect of income on adoption in the literature 
is costly new technology or products being more expensive, but that may be not 
the case for organic pesticides because there are some cheap home-made pesti-
cides such as vinegar. There are few significant income effects. Compared to the 
base of $25,000 - 49,999, those earning the next larger income are less likely to 
have never heard of organic pesticides than to be adopters. Those earning the 
highest income level are generally more likely to adopt, which is in line with the 
literature. Looking at the table, those who earn more than $100,000 (versus the 
base) are less likely to be the never heard, no pesticides or other N/A types of 
non-adopters than to adopt. The largest effect is for no pesticides with a coeffi-
cient of −1.53. The probability of being in these categories of non-adopters is 3 - 
4 times less likely than being an adopter. 

These regression analyses show that seriousness of environmental concerns, 
importance of neighbors’ opinions, and time spent gardening are important fac-
tors affecting the adoption of organic pesticide practices for lawn care. However, 
contrary to expectations, factors such as having children under 12 and hiring 
professional pest control services are not significant while the effects of a specific 
attribute of the lawn like weed density and demographic characteristics are not 
clear or consistent in this study. We also examine several alternative models to 
see whether the results are robust to different model specifications. 

We tested for multicollearity in two ways. We calculated variance inflation 
factors (VIFs) for all variables. Since all the VIFs are less than the standard cutoff 
of 10, there is no evidence of multicollinearity in the full model. Almost all cor-
relation coefficients were smaller than 0.3 except for age and having children 
under 12 (0.6). Using a Chi-square test for independence, we find that these two 
variables are significantly correlated (p < 0.0001). 

Based on the correlation between age and children, we ran two reduced mod-
els. The first model is defined by excluding the children under-12 variable while 
the second one leaves the age variable out of the set of explanatory variables. The 
estimation results of these models are reported in Appendix 1 and Appendix 2, 
respectively. The results are generally robust regarding signs and significance. 
More specifically, the children under-12-variable is still not significant after 
dropping age. For both alternative models, the neutral response regarding 
neighbors became significant at the 10% level for the “know somewhat” type of 
non-respondent, and 0 - 5 hours spent gardening became significant at the 10% 
level for the “other N/A” type. When the variable relating to young children was 
dropped, there were minor changes to the age variables, the 18 - 30 category is 
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no longer significant at the 10% level for those using no pesticides, and the 46 - 
60 age category for “never heard” went from the 10% to 5% level of significance. 

We consider McFadden’s pseudo R2, Nagelkerke’s pseudo R2, and information 
measures like the Akaike information criterion (AIC) and Bayesian information 
criterion (BIC) to assess which model is a better fit given the dataset. We find 
that the full model has the largest pseudo R-squared values, followed by the 
model excluding children and the one excluding age. The smallest AIC and BIC 
are for the model removing age, followed by the one removing children and the 
full model. We cannot improve AIC and BIC without reducing the pseudo 
R-squared values. For consistency with other studies, we prefer using pseudo 
R-squared to evaluate the models. The full model in Table 3 would be the best in 
this regard, offering more explanatory power than the other models. 

Third, we compare the full model to one keeping all “not applicable” respon-
dents lumped together, rather than separating out those who apparently use no 
pesticides. The results of this model are reported in Appendix 3. In general, the 
significant coefficients of the other non-adopter groups (“never heard”, “know 
somewhat”, and “know well”) are the same in sign and magnitude. The model 
without identifying those using no pesticides has lower pseudo R-squared values 
than the full model: 8.4% vs 10.8%, and 22.4% vs 30.1%, for the McFadden’s and 
the Nagelkerke’s measures, respectively. Also, as indicated by the results of the 
full model, there are cases where the results of the no pesticide group are oppo-
site to those of the other N/A respondents. 

6. Conclusions, Implications, and Limitations 

The low adoption rate of residential lawn care BMPs such as organic pesticides 
means that further environmental improvement is possible if we can identify 
factors that could lead to improved management practices. In this paper, we 
examine different characteristics of adopters and non-adopters to identify im-
portant drivers of organic pesticide adoption. Given the paucity of research on 
organic practices in residential lawn care, possible determinants are extracted 
from multiple literatures. Using unique household data from Missouri, the study 
also distinguishes five distinct non-adopter groups for a deeper understanding of 
the factors affecting adoption. A standard multinomial logistic regression is em-
ployed to test significance of these determinants and explain household behavior 
regarding organic pesticides. 

Overall, the estimation results support most of the hypotheses of the study. 
Perceived seriousness of environmental problems related to pesticides, low im-
portance of neighbors’ opinions of their lawn, and time spent gardening are 
critical factors since they are significantly different between adopters and most 
non-adopter groups. On the other hand, having children under 12, which 
represents health concerns of the household, is not significant, in line with some 
previous studies [11] [51]. Demographic variables are also not generally signifi-
cant determinants of organic pesticide adoption, ceteris paribus. Our results can 
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provide information for researchers, educational outreach organizations, and 
policy makers. 

The study provides some insights for conducting future adoption studies. The 
differences in coefficients between non-adopter groups imply that distinguishing 
non-adopters is more meaningful and appropriate than lumping them together 
as in traditional adoption studies. This information could enable targeting of 
educational campaigns. For example, people who were most knowledgeable 
about the practice were often quite different from those who had never heard of 
it. Distinct characteristics of non-adopter groups can be useful to evaluate the 
importance of determinants in different contexts to enable a deeper under-
standing of the adoption process. For example, providing more information to 
knowledgeable non-adopters is less likely to be helpful than providing informa-
tion to first-time homebuyers. Those who use no pesticides for environmental 
reasons may not be aware of environmentally friendly alternatives. Another in-
novation was separating out people who seem to not apply any pesticides at all 
from the “other N/A” group. In some cases, signs and significance differed be-
tween these subgroups, which has implications for future studies. However, the 
remaining not applicable group still represents 16% of respondents, so future 
research to further identify reasons for this response may be worthwhile. 

There are also implications that flow from some of our key results. First, there 
are two groups that are low-hanging fruit, people with pro-environmental atti-
tudes and those whose hobby is gardening. The effects of these characteristics 
are so dominant that these people may be more likely to adopt organic pesticides 
and other residential BMPs, regardless of other factors. Environmental organiza-
tions that focus on unrelated issues, such as climate change, may be targeted for 
outreach regarding personal behaviors that affect water quality. People who 
spent more than 10 hours gardening were more likely to be adopters, and this 
effect was particularly large for those spending over 15 hours per month. This 
implies that gardening clubs, magazines, and websites may be a good way to 
reach people who may be predisposed to environmentally friendly practices that 
may not be particularly convenient. They may also gain utility from trying new 
gardening practices. 

The fact that 24% of respondents indicate they know the practice well but 
have not adopted implies that awareness is not the only barrier. This may relate 
to perceived or actual problems with effectiveness and convenience of current 
organic pesticides compared to conventional ones or pesticide free solutions. 
Non-adopters caring more about what the neighbors think may also be related 
to the effectiveness issue. To address this issue with cleaning products, the Sierra 
Club collaborated with Clorox to develop a line of environmentally friendly 
products. Research to develop effective and convenient environmentally friendly 
products, both commercial and home-made, is needed. Dissemination of infor-
mation on effective solutions to residents and pest control businesses, including 
experiences from successful adopters, may increase adoption. Regarding policy, 
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a label for organic or environmentally friendly household products, similar the 
USDA one for food, may be helpful in creating markets for these products. 

While similar to other adoption studies, the explanatory power of the model is 
low. Including barriers related to the practice may be helpful; for example, phys-
ical limitations may limit the use of some practices by certain individuals. The 
heterogeneous characteristics of organic pesticides such as price and conveni-
ence are not covered in the study. The cost of home-made organic pesticides is 
often lower while that of commercial products is typically higher than conven-
tional pesticides. The same holds for convenience; many organic pesticides are 
ready to use but some of them require preparation time or additional equip-
ment. Including these characteristics as well as perceptions could increase the 
explanatory power of the model. Additional research to examine gardeners who 
are not using any pesticides and those who adopt environmentally friendly, but 
not organic, pesticide management practices may be interesting since the water 
quality impacts are different from other non-adopters. 
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Appendix 
Appendix 1. Estimation results of the reduced “child factor” model (base: adopters). 

Independent Variables (Factors) 
Non-Adopters 

Never heard Know somewhat Know well No Pesticides Other N/A 

Personal attitude measures  

Environmental concerns (base: Not or slight problem)  

Moderate problem −1.355** −0.978** −0.835* −1.416** −1.497*** 

Serious problem −2.682*** −1.228*** −0.841* −0.820 −2.042*** 

Don’t know −0.267 −0.668 −0.403 −0.031 −0.708 

Neighbors’ opinion important (base: Agree)      

Disagree −0.896 −0.784** −0.769** 0.756 −1.135 

Neutral −0.212 −0.511* −0.638** 1.030* −0.826** 

Gardening behaviors  

Monthly hours spent gardening (base: 6 - 10 hours)      

0 - 5 hours 0.718 0.336 0.113 0.779 0.755* 

11 - 15 hours −1.123** −0.611** −0.312 −0.850 −0.846** 

More than 15 hours −1.675*** −1.250*** −1.028*** −1.600*** −1.499*** 

Pest control services hired (base: No)  

Use service 0.0002 −0.140 −0.426 −16.268 0.167 

Lawn attributes  

Number of weeds per square yard (base: <10 weeds)      

10 - 40 weeds 0.284 0.490 0.248 0.956* 0.084 

More than 40 weeds −15.80 0.709 −0.548 −1.245 0.385 

Don’t know 0.703 0.457 0.097 0.944** 0.412 

Demographic characteristics  

Male 0.549 0.440 0.441 −0.260 0.356 

Age (base: >60 years)      

18 - 30 years 1.047 0.865 0.179 1.344 0.933 

31 - 45 years 0.464 0.239 0.133 0.638 0.007 

46 - 60 years 1.108** 0.435 −0.040 0.875* 0.498 

Education (base: High school or less)  

Some college or 2-year college −0.464 −1.089** −0.870* −0.671 −1.132** 

4-year college −0.100 −0.402 −0.606 −0.043 −0.702 

Post-graduate −0.126 −0.631 −0.776 −0.028 −0.530 

Household income (base: $25,000 - $49,999)  

<$24,999 0.813 −0.017 0.275 0.485 −0.307 

$50,000 - $74,999 −1.183* −0.145 −0.045 −0.486 −0.560 

$75,000 - $99,999 0.046 0.323 0.329 −0.160 −0.496 
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>$100,000 −1.308* −0.168 0.068 −1.461** −1.083** 

Constant 0.365 2.092*** 2.164*** −0.519 2.787*** 

Goodness−of−fit  

N 661 

LR Chisquare (120) 235.07 

Pr (>Chisquare) 2.942e−10*** 

AIC 2199.871 

AICc 2253.648 

BIC 2739.121 

McFadden’s Pseudo R2 10.7% 

Cox & Snell Pseudo’s R2 29.9% 

Nagelkerke’s Pseudo R2 29.9% 

Notes: Superscripts *, ** and *** indicate statistical significance at the 10 percent, 5 percent and 1 percent levels, respectively. 
 
Appendix 2. Estimation results of the reduced “Age Factor” model (base: adopters). 

Independent Variables (Factors) 
Non-Adopters 

Never heard Know somewhat Know well No Pesticides Other N/A 

Personal attitude measures  

Environmental concerns (base: Not or slight problem)  

Moderate problem −1.364** −0.993** −0.823* −1.434** −1.516*** 

Serious problem −2.689*** −1.264*** −0.840* −0.898 −2.083*** 

Don’t know −0.279 −0.659 −0.389 −0.104 −0.700 

Neighbors’ opinions important (base: Agree)      

Disagree −0.830 −0.756** −0.762 0.843*** −1.110*** 

Neutral −0.252 −0.510* −0.622** 1.040* −0.844** 

Having children under 12 (base: No children)  

At least 1 child 0.359 0.122 0.210 0.416 −0.060 

Gardening behaviors  

Monthly hours spent gardening (base: 6 - 10 hours)      

0 - 5 hours 0.708 0.343 0.108 0.802 0.753* 

11 - 15 hours −1.066** −0.594** −0.313 −0.800 −0.818** 

More than 15 hours −1.610*** −1.278*** −1.027*** −1.579*** −1.533*** 

Pest control services hired (base: No)  

Use service −0.105 −0.166 −0.410 −16.383 0.133 

Lawn attributes  

Number of weeds per square yard (base: <10 weeds)      

10 - 40 weeds 0.264 0.538 0.276 1.042** 0.133 
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More than 40 weeds −15.737 0.733 −0.554 −1.186 0.402 

Don’t know 0.652 0.444 0.113 0.875** 0.392 

Demographic characteristics  

Male 0.474 0.383 0.426 −0.392 0.305 

Education (base: High school or less) 

Some college or 2-year college −0.351 −1.000* −0.879* −0.527 −1.027* 

4-year college −0.123 −0.358 −0.605 0.036 −0.655 

Post-graduate −0.189 −0.615 −0.769 0.061 −0.529 

Household income (base: $25,000 - $49,999) 

< $24,999 0.726 −0.002 0.273 0.413 −0.286 

$50,000 - $74,999 −1.118* −0.127 −0.056 −0.519 −0.530 

$75,000 - $99,999 0.128 0.373 0.294 −0.131 −0.430 

>$100,000 −1.110 −0.110 0.019 −1.462* −0.998* 

Constant 0.873 2.303*** 2.155*** −0.037 3.015*** 

Goodness−of−fit  

N 661 

LR Chisquare (120) 221.71 

Pr(>Chisquare) 2.392−10 *** 

AIC 2193.233 

AICc 2237.633 

BIC 2687.546 

McFadden’s Pseudo R2 10.1% 

Cox & Snell Pseudo’s R2 28.5% 

Nagelkerke’s Pseudo R2 28.5% 

Notes: Superscripts *, ** and *** indicate statistical significance at the 10 percent, 5 percent and 1 percent levels, respectively. 
 
Appendix 3. Estimation results of the model without identification of “not applicable” (base: adopters). 

Independent Variables (Factors) 
Non-Adopters 

Never heard Know somewhat Know well Not Applicable 

Personal attitude measures  

Environmental concerns (base: Not or slight problem)  

Moderate problem −1.375** −0.980** −0.837* −1.517*** 

Serious problem −2.724*** −1.230*** −0.842* −1.625*** 

Don’t know −0.310 −0.663 −0.398 −0.571 

Neighbors’ opinions important (base: Agree)  

Disagree −0.908 −0.788** −0.773** −0.665* 

Neutral −0.209 −0.509 −0.638** −0.405 

Having children under 12 (base: No children)  

At least 1 child 0.488 0.096 0.188 0.112 
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Gardening behaviors  

Monthly hours spent gardening (base: 6 - 10 hours)  

0 - 5 hours 0.723 0.344 0.116 0.792* 

11 - 15 hours −1.133* −0.614* −0.315 −0.865** 

More than 15 hours −1.664*** −1.244*** −1.013*** −1.509*** 

Pest control services hired (base: No)     

Use service −0.039 −0.165 −0.451 −0.181 

Lawn attributes     

Number of weeds per square yard (base: <10 weeds)     

10 - 40 weeds 0.319 0.504 0.260 0.401 

More than 40 weeds −13.424 0.706 −0.551 −0.147 

Don’t know 0.713 0.463 0.100 0.567* 

Demographic characteristics  

Male 0.540 0.434 0.432 0.143 

Age (base: >60 years)     

18 - 30 years 0.946 0.866 0.157 1.050* 

31 - 45 years 0.156 0.195 0.027 0.161 

46 - 60 years 1.058* 0.437 −0.055 0.615* 

Education (base: High school or less)  

Some college or 2−year college −0.517 −1.096** −0.883* −0.959* 

4−year college −0.128 −0.409 −0.621 −0.495 

Post−graduate −0.158 −0.641 −0.796 −0.372 

Household income (base: $25,000 - $49,999)  

<$24,999 0.818 0.002 0.291 0.025 

$50,000 - $74,999 −1.215* −0.144 −0.046 −0.527 

$75,000 - $99,999 0.033 0.319 0.318 −0.375 

>$100,000 −1.362* −0.178 0.047 −1.144*** 

Constant 0.424 2.093*** 2.180*** 2.629*** 

Goodness-of-fit  

N 661 

LR Chisquare (96) 167.54 

Pr(>Chisquare) 8.624e−06 

AIC 2022.232 

AICc 2058.404 

BIC 2471.707 

McFadden’s Pseudo R2 8.4% 

Cox & Snell Pseudo’s R2 22.4% 

Nagelkerke’s Pseudo R2 22.4% 

Notes: Superscripts *, ** and *** indicate statistical significance at the 10 percent, 5 percent and 1 percent levels, respectively. 
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