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Abstract  

This study investigates determinants of household’s adoption of organic pesticides in lawn 

care management using evidence from a mail survey in Missouri. Residential lawns in 

Missouri often are damaged from weeds and insects and organic pesticides would be one 

solution for natural, organic or integrated pest management (IPM) lawn care. Using a set 

of demographic characteristics, environmental attitudes, perception of neighborhood 

attitudes, time spent on lawn care and other yard work habits, the study employs a 

multinomial logistic model given the unique dataset. We find that the relative risk ratio of 

being in the adopter category would be from 3 to 18 times more likely for more serious 

environmental concerns, and 0.096-0.463 times more likely for more time spent on lawn 

care with respect to non-adopters who had never heard of organic pesticides and non-

adopters know them well, respectively. Critically, people who know organic pesticides 

well agreed with neighbor’s aesthetic concern are more likely to be non-adopters by the 

relative probability of 1.54. Improved understandings about these factors for the organic 

pesticide adoption over complete choices of non-adoption are necessary for gardeners, 

policy makers, environmentalists and relevant companies.  

 

1. Introduction 

Lawns are popular in the United States; it is a source of enjoyment, a hobby and a source 

of value.  Homeowners in the U.S. spent about $47.8 billion on lawn and garden retail sales in 

2016, with a record average expenditure of $503 per household (Cohen, 2018). Pesticides are an 

important component; the home and garden sector accounted for about 6% of the total U.S. 

pesticide usage, valued at about 24% of conventional pesticide sales, compared to 66% by 

agriculture in 2012 (figure 1). 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 value of lawns and gardens, as well 

as providing an ideal setting for outdoor recreation, entertainment and relaxation. However, the 

negative impacts of conventional pesticides include water pollution, biodiversity loss and 

exposures in children (Robbins P. and Sharp J., 2003). Therefore, there has been increasing interest 
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in less toxic or organic pesticides or free-pesticide practices for use in residential lawn care 

management (Marshall et al., 2015). 

 

Regarding conventional pesticide reduction, potential alternative strategies for pest 

controls are integrated pest management (IPM) (pesticide applications based on monitoring and 

thresholds), organic (monitoring and need-based organic and natural product applications), and 

untreated lawn care techniques. In fact, there are overlaps among these three approaches since IPM 

and organic techniques try to seek organic or natural solutions rather than chemical ones whilst 

untreated lawn care programs are theoretically free of pesticides. Basically, organic pesticides can 

be found in IPM and organically managed practices for their less toxic and ready-to-use 

characteristics. A few studies show that organic pesticides may have similar or even greater 

negative impacts than synthetic ones do (Bahlai et al., 2010). With organic pesticide products, 

homeowners can either manage their lawn by themselves (following instructions labeled on the 

products) or request professional services for this purpose (Alumai et al., 2009). 

While there has been increasing interest in organic lawn management in the U.S. with lots 

of adoption of organic management practices in public spaces (Marshall et al., 2015), the adoption 

rate of these practices for households is relatively low. For example, about 80% of households in 

Missouri used synthetic pesticides at least once a year, in which 57% of families use herbicides to 

control weeds and 50% of families use insecticides to control fleas and ticks on pets (Davis et al., 

1992). What factors prevent organic pesticide adoption and use in lawn care management 

regardless of the safety offered by these products? Typically, profitability, risk, environmental and 

health concerns, and some demographic factors are important determinants of the adoption for best 
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management practices (BMPs) by farmers (Prokopy et al., 2008). For lawn care management, the 

story may be a bit different. The aesthetic value of lawn would be the main concern in some 

households’ preferences so that effectiveness of pest control practices is a priority (Marshall et al., 

2015). In lawn care, the most common uses of pesticides are for weed control (herbicides) and 

killing insects (insecticides) but sometimes weeding is also a hobby or relaxing activity of 

gardeners, which imply gardener’s habits are also an important factor for organic pesticide 

adoption. In addition, although commercial organic pesticides are more expensive than synthetic 

ones, this is not the case for home-made or natural organic pesticides which are often cheap (e.g. 

vinegar), leading to difficulties in comparing organic pesticide prices to chemical ones. Also, using 

no pesticides is also an option.  In this study, conclusions and implications are drawn with a caution 

regarding price. 

 This paper explores determinants of household’s adoption of organic pesticides 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 

methods, techniques rather than products, and when working with practices, most of the work on 

factors affecting adoption of pesticide control practices has been conducted with farmers rather 

than households. On the other hand, considering organic products the literature focuses on food 

consumption rather than use of items like cleaning products. This paper contributes to the literature 

on adoption of organic pesticide practices in lawn care management by synthesizing empirical 

studies of both organic consumption and organic farming/IPM. In addition, comparing and 

contrasting adopters and types of non-adopters for organic pesticide practices provides deep 

insights about characteristics of each group. Furthermore, this paper might be used as a reflection 

of pesticide use studies in lawn care management about role of pregnancy, children (Davis et al., 

1992), neighbors’ views (Blaine et al., 2012), and efficacy (Alumai et al., 2009). 

In the next section, we present definitions of organic pesticides and factors affecting 

household’s adoption of organic pesticides extracted from the previous literature. In the section 

that follows, we describe research methodology applied in this particular study, including 

conceptual framework, empirical model, and the unique dataset used in the study. Next, we report 

summary statistics of the data and the main empirical results of the model. Then, the paper ends 

up with a brief summary and a discussion of implications and limitations of the study. 
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2. Definitions and factors affecting household’s adoption of organic pesticides  

2.1. Definitions of organic pesticides 

The concept of “organic pesticides” initially is found in organic agriculture – a farming 

practice that is defined as “… an ecological production management system that promotes and 

enhances biodiversity, biological cycles, and soil biological activity … that restore, maintain, and 

enhance ecological harmony” (USDA, 1995). By this definition, the term “organic” is associated 

with goals and approach of farming method rather than inputs used in the practice. On the other 

hand, as a kind of input distinguished from chemical pesticides, the term “organic” often is 

somewhat confusing as to whether it relates to elements of the pesticide or the way the pesticide 

is produced. In organic consumption, the USDA only strictly certified products with “Organic 

label” if the products are produced using allowed substances in the National List of Allowed and 

Prohibited Substances (The National List) along with suitable production methods and fulfillment 

of supervision of the National Organic Program regulated by the USDA. However, there may be 

non-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 Agency, 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 … 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 (Ellis 

and Bradley, 1996) 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 environment to harmless substances. Given 

various definitions of organic pesticides, gardeners may identify them based on purpose (almost 

organic insecticides or organic herbicides), label (certified or uncertified by the USDA), 

production (home-made, natural-based or chemical-based), impacts (specific target pests, time 

issues, pesticide residue …) and information from dealers, retailers, extensionists, or neighbors. 

Hence organic pesticides generally often 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. 
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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 production activity like lawn care 

and then enjoy their lawn on a daily basis. The adoption of inputs like organic pesticides in home 

production can be seen from organic agriculture or IMP practices while the adoption of products 

like organic pesticides in terms of end users of lawns or gardens may be considered from organic 

consumption perspectives. Hence, the literature herein covers studies of both organic consumption 

and organic or IPM practices in agriculture. Most studies of household organic purchases examine 

consumers of food (e.g. Li et al., 2007; Asif et al., 2018; Janssen, 2018), or specific kinds of food 

like fresh vegetables or fruits (e.g. Boccaletti and Nardella, 2001; Saba & Messina, 2003; and 

Bond et al., 2008), and drinks (Schäufele & Hamm, 2018), but only few cases examine products 

for other purposes (Van Doorn and Verhoef, 2015). On the other hand, studying determinants of 

adoption of pesticide best management practices, work has primarily focused on farmer or 

agricultural producers rather than households (Prokopy et al., 2008; Baumgart-Getz et al., 2012, 

Rofle and Gregg, 2015). For a complete literature review of organic pesticide adoption in lawn 

care from a household’s perspective, this paper also examines other studies that explore demand 

or preferences of households for organic cleaning products (Bach & Rosner, 2008; Steingraber, 

2011; Laferriere et al., 2014) or organic lawn care practices in general (Tukey, 2007; Morris & 

Bagby, 2008; Pennington, 2010; Larson, 2017; Burr et al., 2018; McCann & Shin, 2018). The 

following section will list potential determinants found from these literatures. 

Demographic variables (gender, age, education, income, household size): 

In empirical models, some socio-demographic characteristics work as control variables 

which show important differences between group of adopters. In the literature of organic 

purchases, for example, women might be more likely to buy organic products, because they 

express more concern for communal goals than men (Winterich et al., 2009) or they become more 

proactive to prevent their new or coming baby from harmful effects of chemical products 

(Laferriere et al., 2014). In the context of organic production, women are also likely to be organic 

producers for the same reasons (Veldstra et al., 2014).  

Household’s income level consistently shows a positive effect on adoption of both organic 

purchase (Janssen, 2018; Van Doorn and Verhoef, 2015; Shashi et al., 2015) and best management 

practices such as organic agriculture and IPM (Prokoby et al., 2008; Blaine et al., 2012) because 
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this helps adopters overcome cost issues of organic products or innovations. We will leave cost 

issues of organic pesticides to a discussion of price consciousness at the end of this literature 

review.   

There are not such clear effects for household size, homeowner’s age and education in 

empirical studies of organic adoption. Large households might have a negative effect on organic 

purchase behavior because this makes income per capita decrease (Van Doorn and Verhoef, 2015), 

but it does not matter for adoption of organic production. The number of children, which is highly 

correlated with household size, affects organic consumption in the same way, however regarding 

health and safety issues the impact of children seems to be sensitive with this result, which suggests 

careful analysis using a health or safety consciousness approach. Young people might have higher 

probability to buy organic food than older people (Dettmann & Dimitri, 2009; Yadav & Pathak, 

2015) and they might more easily adopt organic farming methods rather than older people who are 

often considered as experienced farmers (Veldstra et al., 2014), but the relationship between age 

and probability of BMPs adoption is also insignificant in a few studies (Brehm et al., 2013). 

Similarly, higher educational level of homeowners tends to result in pesticide-free purchases 

(Ngobo, 2011; Shashi et al., 2015; Janssen, 2018) or use of organic practices (Genius et al., 2006), 

but the relationship is insignificant in other studies (Veldstra et al., 2014). 

Environmental knowledge and attitudes 

Although education sometimes shows insignificant effects on organic adoption, 

environmental knowledge and attitudes always are identified as critical drivers of adoption of 

pesticide use in the literature. Most empirical studies about organic consumption show positive 

effects 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 

on  purchase intention (Magnusson et al., 2003; Dreezens et al., 2005; Lea and Worsley, 2005; 

Hughner et al., 2007; Jassen, 2018). However, the approach based on intended purchase is 

problematic because of the gap between behavior and attitudes toward organic products (Vermeir 

and Verbeke, 2006) or potential biases when it comes to environmentally-friendly purchasing 

behavior (Moser, 2016). Additionally, a few studies show that environmental knowledge and 

attitudes actually do not positively reflect actual purchase of organic products (Jassen, 2018), and 

consumers might overestimate their organic purchases (Hughner et al., 2007).  
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In the literature on organic farming, environmental knowledge and attitudes also play an 

important role in the adoption of organic and IPM practices (Prokopy et al., 2008; Reimer et al., 

2012; Riar et al., 2017). However, the impacts of environmental knowledge and attitudes on 

farmer’s pesticide adoption are different from consumer’s purchase of pesticide-free or less 

pesticide products in term of sensitivity. 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 (Beedel & Rehman, 2000; Reimer et al., 2012). On 

the other hand, the effect of knowledge on farmers’ environmental behavior may differ across 

several situations: little comparing to personal beliefs and emotions (Grob, 1995), insignificant 

because of lack of trust of information sources (Jin et al., 2014), or unpredictable because of 

calculativeness of farmers under uncertainty and complexity of pesticide resistance (Philbert et al., 

2014). Extending the concept of organic agriculture to lawn care management, households with 

more knowledge of lawn care are more likely to adopt BMPs (Brehm et al., 2013).  

Personal health and safety consciousness 

In the literature on adoption studies, personally/individually perceived benefits and costs 

associated with the implied innovation undoubtedly are the main factors affecting the adoption 

decision. While environmental knowledge and attitudes express public or general benefits, 

personal health and safety is critical to represent individual benefits. Many studies show that 

organic agriculture and IPM techniques help farmers reduce or avoid threats of chronic poisoning 

almost causing cancer due to direct or indirect exposure to chemicals while farming (Singh et al., 

2007). Regarding organic consumption, organic products often are perceived as healthier or safer 

than conventional ones (Magnusson et al., 2001; Lea & Worsley, 2005), that leads to higher 

adoption rate of organic products to avoid health risks (Makatouni, 2002; Padel & Foster, 2005). 

That’s why women and children who are the most exposed to conventional or chemical products 

often show preferences for organic products as we found above in the demographic section.  

In the context of lawn care management, health issues become more serious since 

household members daily enjoy the lawn treated with pesticides (USGS, 1999; Robbins & Sharps, 

2003) which leads to adoption of organic lawn care. Children are highly exposed to chemicals 

when they often play on yards and pesticides or pesticide residue may touch their skin. Hence, 

households who have children tend to adopt organic and natural pesticides rather than conventional 

ones (Davis et al., 1992; Alumai et al., 2009). However, the number of children may negatively 
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affect the organic pesticide adoption as we discussed above for possible interaction effect with 

average income, which implies more research is needed on this relationship (Janssen (2018); 

Boizot-Szantai et al. (2017)). 

Expectations of property value (yard appearance, quality and enjoyment)  

In addition to the safety reasons, expected quality of products obtained by using an 

innovation can affect its adoption. Past studies in both the literature of organic purchase and 

organic production often view organic products as having good flavor (Radman, 2005), high 

vitamins (food) (Lea and Worsley, 2005) or generally better in term of pesticide residues 

(Gomiero, 2018) which lead to consumers buying them with higher probability than conventional 

products (Huang, 1996; Lockie et al., 2002; Baker et al., 2004). Regarding lawns, the concept of 

quality may include property value, aesthetic value (lawn appearance) and other biological values. 

In general, households who expect organic lawn management may improve their property values 

are more likely to adopt this practice rather than others (Blaine et al. 2012). On the other hand, if 

the household only considers the appearance of lawn – or if they care about neighbor’s attitudes 

about their lawn, they might be more likely to adopt chemical pesticides, especially preferring to 

use commercial management to Do-it-yourself (DIY) practices (Alumai et al., 2009). 

Individual preference that relates to enjoyment of lawn work may affect the adoption of 

organic lawn management. For example, people who are more interested in gardening and able to 

do lawn work tend to adopt alternative lawn care practices (McCann and Shin, 2018) because they 

may gain more utility from best management practices. 

Perception of neighbors’ attitudes and practices 

Perception of neighbors’ attitudes and practices often is considered in the literature on 

adoption. From neighbors’ viewpoint, increased chemical pesticide use causes loss of biodiversity, 

landscape simplification and other harmful impacts (Meehan et al., 2011) then as a result, 

homeowners who might be affected by neighbors are likely to adopt pesticide restriction 

techniques to reduce negative impacts in the neighborhood (Nassauer et al. 2009; Reimer and 

Prokopy, 2012). Extending this result to the other side, whether households might employ a lawn 

care company applying chemicals and pesticides depends on whether neighbors and other people 

in the neighborhood use them (Blaine et al, 2012). As shown in the preceding discussion, yard 

appearance is often an important reason why homeowners take care of their lawn, and then people 

in a neighborhood tend to share the same view of aesthetic value of home lawn and garden, leading 
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to favoring chemical pesticides which are normally perceived to work perfectly in terms of pest 

control. Hence, the effect of perception of neighbors’ attitudes and practices on organic pesticide 

adoption needs to be defined cautiously. The effect is negative for yard or landscape appearance, 

and it is positive for environmentally-friendly landscaping.  

Price consciousness (financial cost) 

While safety and high quality or enjoyment of an organic lawn deliver benefits to 

households, the price of organic products or cost of using organic methods present barriers to their 

adoption. In the literature, consumers often perceive organic products as expensive comparing to 

conventional ones which implies the price negatively affects organic purchases (Magnusson et al., 

2001; Lea & Worsley, 2005). However, in the context of agriculture, the total cost can be lower if 

farmers can save by adopting organic techniques along with organic or chemical-free pesticides, 

even though they often pay more for labor as a substitute input. Availability of labor at a cheap 

wage (relatively lower than pesticide cost) might positively affect adoption of organic agriculture 

(Gudade et al., 2014). Similarly, the price of commercial lawn management is the most expensive, 

followed by DIY with synthetic pesticides, and organic lawn management respectively, which 

implies organic lawn management has some advantages of cost in the adoption, especially taking 

many homemade organic pesticides into account for financial costs (Alamui et al., 2009). 

However, the advantage of cost or price need to be considered along with the associated quality. 

Previously, the quality in term of aesthetic value obtained by organic lawn management is 

generally lower than one offered by commercial lawn management hence the effect of financial 

cost may depend on what adopters like most. 

Convenience (cost of time) 

Beside financial cost issues, convenience was considered as a barrier to organic adoption 

in the past. The concept of convenience refers to the amount of time used for new practices 

including installment time. Past studies found that consumers did not switch to organic products 

due to convenience reasons like availability of organic products (Magnusson et al., 2001) or search 

time (Jolly, 1991). However, the implementation of USDA’s national organic standards in 2002 

has addressed these issues by providing assurance of consistent, standardized production and 

processing of organically labeled foods (Greene and Kremen, 2003). Additionally, the “Walmart” 

effect on organic product market since 2006 basically dealt with the convenience issues (Li et al., 

2007; Constance & Choi, 2010). Regarding production, convenience may be considered as 
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availability or flexibility of inputs to produce organic products, for example availability of labor 

(Gudade et al., 2014). Lawn care management with pesticide use can be analyzed in the household 

production-consumption model of Becker (1965) (Templeton et al., 1999). In this model, the 

indirect utility of household decreases with chemical pesticide use, but increases with leisure 

hours, and has mixed relationship with lawn work depending on each household. Hence, time 

scarcity may negatively affect the adoption of organic lawn management.  

Organic pesticides are considered to be potential replacements of conventional pesticides 

in residential lawn care management because of their safer and ready-to-use characteristics. 

However, the household’s adoption rate of organic pesticides is currently low. By merging the 

literature of organic consumption, organic farming as well as IPM practices, and lawn care 

management practices, this paper extracts potential determinants of the organic pesticide adoption 

in lawn care from a household’s perspective as in table 1.  

Table 1. Hypothesized effect of factors affecting organic pesticide adoption 

 Organic 

consumption 

Organic agriculture/ 

IPM 

Demographic variables 

- Young 

- Women 

- High education 

- High income 

- Large household 

 

(+) 

+ 

(+) 

+ 

- 

 

(+) 

+ 

(+) 

+ 

- 

Environmental Knowledge and Attitudes + (+) 

Personal health and safety consciousness 

- Having children 

+ 

(+)  

+ 

 

Expectations of property value 

- Yard appearance 

- Enjoyment 

 

 

 

- 

+ 

Perceptions of neighborhood attitudes +/- +/- 

Price consciousness - - 

Convenience 

- Time scarcity 

(-) 

- 

(-) 

- 

Note: (+) or (-) means the signs are insignificant in some studies; +/- means the sign 

depends on the sign of another factor, for example neighbor’s environmental concern (+) or 

neighbor’s expectations of aesthetic value (-)  

In general, several demographic variables like gender and income level show positive 

effects on organic pesticide adoption while the effects of age and education may be not significant. 

Environmental knowledge and attitudes, personal safety, enjoyment of lawn work may be 
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important factors positively affecting the use of organic pesticides while yard appearance and time 

scarcity have potentially negative impacts on adoption. Enjoyment and time spent on lawn work 

are attributes of gardeners, which implies homeowner’s habits and specific characteristics of lawn 

such as intensive herbicides, intensive insecticides or both, and pesticide resistance possibly affect 

adoption. On the other hand, environmental and health concerns, expectation of property value, 

and perception of neighborhood’s landscape depend on the homeowner’s mindset and knowledge. 

There are various combinations or interactions of those attributes or dimensions, leading to 

difficulties in the classification of adopters for organic pesticides. There exist gaps in the literature 

regarding the role of children, perception of neighborhood attitudes, convenience, knowledge 

under uncertainty and complexity of pesticide resistance on organic pesticide adoption from 

residential lawn management perspectives.  

3. Research methodology 

3.1. Conceptual framework 

The study considers households’ organic pesticide adoption as an individual choice. 

Rogers’s diffusion of innovation theory is the most influential theory that seeks to explain how, 

why, and at what rate new ideas and technology spread (Roger, 2010). Rogers provides a 

foundational understanding about adoption (Straub, 2009). In this study, adoption behavior is 

expressed by individual choice of accepting or rejecting a particular innovation: organic pesticide 

practices used in residential lawn care. Random utility models underpin discrete choice framework 

such as adoption behavior (e.g. Luce, 1959; Mc Fadden 1974; Ben-Akiva and Lerman, 1985).  

Considering the choice to use organic pesticides or not, the utility to the household of 

alternatives is specified as a linear function of characteristics of the household and the attributes 

of the alternative plus an error term. Hence, we have a set of random utilities for an individual, in 

which each utility is associated with each alternative, and each with its own error term. The 

probability that a particular household will choose a particular alternative is given by the 

probability that the utility of that alternative to that household is greater than the utility to that 

household of all other alternatives. In this way, the household picks the alternative that maximizes 

his or her utility. Because utility is defined with both non-error components and error terms, the 

values of errors are also important to determine the optimal alternative. The fact that error terms 

are defined as random or stochastic, unobserved or latent factors, assumptions on error terms play 

a key role. If the random utility error terms are assumed to be independently and identically 
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distributed as a log Weibull distribution, the multinomial logit model results, on the other hand if 

the error terms are supposed to follow a multivariate normal distribution, the multinomial probit 

model results (Kennedy, 2003). In general, the multinomial logit (MNL) model is widely preferred 

to model choices among mutually exclusive alternatives. The main advantages of MNL models 

come from its simplicity in terms of both estimation and interpretation of the resulting choice 

probabilities and elasticities as well as likelihood function can be formed and maximized in a 

straightforward way with maximum likelihood estimators (MLE), without assumptions of 

normality, linearity or homoskedasticity. The only important assumption is independence among 

the dependent variable choices (IIA) that can be tested by the Hausman-McFadden test. 

Households’ adoption decisions are based on a range of factors. Based on the literature of 

organic purchases and adoption of organic agricultural practices that incorporate the household 

production-consumption model of Becker (1965), we identify three categories of factors: (1) socio-

demographic variables (age, gender, education, income, having children under 12); (2) 

environmental knowledge and attitudes (concerns of excessive pesticide use, concerns about 

neighbor’s opinions); (3) lawn management behaviors (monthly hours spent for lawn care or yard 

work,  average number of weeds per square yard, using professional service for pest control). Other 

factors are included in unobservable group. 

3.2. Empirical model  

Assuming revealed preferences for conservation practices, household choices of currently 

using or not using organic pesticides in lawn care management can be considered as adoption or 

non-adoption decisions respectively (Lichtenberg, 2004). Applying a random utility framework 

for these alternative choices, the study employs a multinomial logit model to predict the likelihood 

of household choices given a set of explanatory factors (x):  

𝑃(𝑦𝑖 = 𝑗) =
𝑒𝑥𝑝(𝑥𝑖𝛽𝑗)

∑ 𝑒𝑥𝑝5
𝑘=1 (𝑥𝑖𝛽𝑘)

 

 Specification:  

- i = 1 to n, where n is sample size of the study  

- j = 1 to 5, where options are (1) Currently use organic pesticides; (2) Never heard of it (3) 

Know somewhat, but not using it; (4) Know well, but not using it; (5) Not applicable. 

Option (1) represents adopters while options (2) – (5) are distinct types of non-adopters. 
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- X: vector of factors affecting household decisions: Age (X1), Gender (X2), Education 

(X3), Income (X4), Having children under 12 (X5), Environmental concerns of excessive 

pesticide use (X6), Importance of neighbor’s opinions regarding nice lawn (X7), Monthly 

hours spent for lawn care (X8), Weed density (X9), and Hiring professional pest control 

companies (X10). 

- ɛ: unobservable factor which is treated as error ~ N(µ, σ) 

 The MNL model is estimated using MLE method as discussed above. There are various 

computational packages in R to deal with this estimation without regularization such as mlogit, 

nnet, VGAM and so forth (Hasan et al., 2016). Basically, the results from these packages would be 

little different.  

3.3. Data 

The dataset comes from the 2014 Hinkson Creek Household Survey in Columbia, 

Missouri. This is a mail survey with a questionaire including questions about lawn care 

management practices used for water quality and yard work at the household level in the Hinkson 

Creek area, and information on household’s characteristics, homeowner’s environmental attitudes 

and how people get information for their yard, water quality and practices. Hinkson Creek is 

located at Boone county in Columbia, Missouri. Land use and land cover of this area are dominated 

by grass and forest. There are about 10,000 housing units in Columbia, in which 80% of 

households are homeowners (U.S. Census Bureau, 2010). A random sample of 2000 residents was 

obtained from Survey Sampling International, using ZIP codes (65201, 65202, and 65203). The 

survey focused on detached single-family homes. The person in the household most responsible 

for lawn care was asked to complete the survey. Of 1773 questionaires mailed to valid addresses, 

there are 783 completed ones resulting in an effective response rate of 44.1%. 

All variables are constructed from the survey results. The dependent variable, adoption of 

organic pesticides, is implied by completed choices in the questionaire: (a) Not applicable, (b) 

Never heard of it and not using it, (c) Somewhat familiar with it but not using it, (d) Know how to 

use it but not using it, and (e) Currently use it. In this study, “e” implies “adoption”, and “b”, “c”, 

“d” represents three possible type of non-adoption which differ across information or knowledge. 

The choice “Not applicable” also means residential non-adoption of organic pesticides for some 

latent reasons possibly including currently using untreated lawn care practices, no availability of 

necessary organic pesticides to apply, using professional pest control companies without organic 
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pesticide options and so on, and this may be different the from “no information” option. To avoid 

loss of information for “not applicable”, this choice is still considered as a level of the dependent 

variable for non-adopters, but it is treated separately with caution (see later in Discussion). 

Frequencies of “e”, “b”, “c”, “d” and “a” are 134, 42, 218, 180, and 184 respectively for the sample 

of 758 observations, after removing missing data of the dependent variable. Thus, the adoption 

rate for organic pesticides is 17.7% in this sample. 

The study uses 10 independent variables to predict adoption behavior of homeowners for 

organic pesticides. Of these predictors, socio-demographic variables include “gender”, “age”, 

“education”, “income”, “having children under 12”. The main explanatory variables here are 

environmental attitudes represented by “environmental concern of extensive pesticide use”; 

importance of aesthetic value described by “perception of neighbor’s opinions of have a nice 

lawn”; and household’s lawn care behaviors which are measured in term of  “monthly hours spent 

for lawn care”, “average number of weeds per square yard”, and “hiring pest control service or 

professional company”. 

Summary statistics of all variables from the dataset can be found in table 2. These statistics 

are reported separately for adopters and types of non-adopters. For categorical variables, we only 

report the proportions by column of each level to the corresponding total of levels. For example, 

for adopters 57.1% of households are male while the rest 42.9% are female. Although the variables 

like Age, Education, and Income are intrinsically ordered categorical ones, they are measured in a 

nominal way in this study. This is an appropriate coding scheme since there are no monotonic 

effects of these variables on the dependent variable in the literature. In this way, people with age 

> 60, or education level at bachelor or some college, or household income level at $100,000 and 

above seem to be adopters with the mean of 42.9%, 56.4%, 31.2% respectively. Similarly, the 

variable “Environmental concerns regarding excessive use of pesticides” is coded in nominal way 

because the choice “Don’t know” cannot match the order and this choice might also differ from 

usual missing information option.  

Importance of neighbors’ opinion regarding nice lawn is the only predictor using scale 

measurement which is evaluated by Likert scale from 1-5. For continuous variables, we report 

mean values and corresponding standard deviations (SD). The mean of adopters is 2.917 and the 

SD is 1.034, implying most adopters indicate 2-4 for neighbors’ opinions regarding nice lawn.     



16 
 

 The lawn care behaviors include time spent for lawn care and yard work as well as weed 

density may be measured in an ordinal way. More monthly hours spent on lawn care seems to be 

associated with being an adopter; the mean is 40.2% of group spending more 15 hours per month. 

However, the largest proportion of adopters (60.2%) indicate they have a low density of weeds (1-

10 weeds per yard square) while adopters are the least likely to say they have zero weeds. 

Table 2. Summary statistics for categorical variables 

Variables Adopters Non-Adopters 

Never 

heard  

Know 

somewhat 

Know 

well 

Not 

Applicable 

Dependent Variable 17.7% 5.5% 28.8% 23.7% 24.3% 

Predictors      

Male 57.1% 66.7% 68.1% 67.4% 57.1% 

Age       

18-30 years 4.5% 9.5% 9.7% 6.2% 12.1% 

31-45 years 23.3% 28.6% 25.8% 27.5% 23.1% 

46-60 years 29.3% 33.3% 33.6% 27.0 % 31.3% 

> 60 years 42.9% 28.6% 30.9% 39.3% 33.5% 

Education       

High school and lower 7.5% 9.8% 10.1% 10.6% 13.7% 

Bachelor or some college 56.4% 56.1% 54.8% 56.71% 48.9% 

Post graduate 36.1% 34.1% 35.1% 7.6% 37.4% 

Income       

$0- $24,999 4.0% 17.6% 5.5% 4.0% 10.9% 

$25,000-$49,999 21.6% 23.5% 15.6% 21.6% 27.3% 

$50,000-$74,999 28.8% 14.7% 26.6% 25.3% 27.9% 

$75,000-$99,999 14.4% 23.5% 19.6% 17.6% 14.5% 

$100,000+ 31.2% 20.6% 32.7% 32.9% 19.4% 

Have children under 12  19.4% 29.3% 25.1% 27.5% 22.1% 

Environmental concerns regarding 

excessive use of pesticides 

     

Not or slight problem 9.8% 26.2% 23.4% 18.0% 22.8% 

Moderate problem 37.6% 35.7% 38.5% 39.9% 30.4% 

Severe problem 40.6% 11.9% 27.5% 30.9% 25.5% 

Don’t know 12.0% 26.2% 10.6% 11.2% 21.2% 

Importance of neighbors’ opinion 

regarding nice lawn (*) 

2.917 

(1.034) 

3.143 

(.977) 

3.106 

(.946) 

3.117 

(1.021) 

2.940 

(1.041) 

Monthly hours spent for lawn care       

0-5 hours 9.8% 26.2% 18.1% 14.0% 32.2% 

6-10 hours 25.0% 47.6% 38.6% 34.3% 34.4% 

11-15 hours 25.0% 14.3% 22.3% 27.0% 16.7% 

> 15 hours 40.2% 11.9% 20.9% 24.7% 16.7% 

Number of weeds per square yard       

None 3.2% 31.8% 9.7% 11.6% 10.2% 

1-10 weeds 60.2% 40.9% 47.6% 51.9% 53.7% 

11-40 weeds 26.9% 22.8% 32.4% 32.6% 29.6% 

> 40 weeds 9.7% 4.5% 10.3% 3.9% 6.5% 

Hire Pest Control service 22.0% 21.4% 20.6% 17.9% 16.5% 

Number of observations 134 42 218 180 184 

Note: (*) we report mean value of continuous variable and the corresponding standard deviation 

in bracket for all adopters and non-adopters.  
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The variables “gender”, “having children under 12” and “hiring pest control service from 

professional company” are treated as dichotomous. 57% of adopters are male which is slightly 

lower than the other adopter categories.  A smaller proportion of adopters have children under 12 

which is unexpected from our previous predictions. Adopters seem to be more likely to hire pest 

control companies, which may indicate that they are concerned with appearances, but this is 

contrary to expectations.    

From table 2, we also see signals that non-adopters are different from adopters in some 

demographic variables, environmental concerns regarding “severe problem” or “not/ slight 

problem” of excessive pesticide use, importance of neighbors’ opinion regarding nice lawn, time 

spent for lawn care, and weed density. The probability of males being non-adopters of “never heard 

of it”, “know somewhat but not using it” and “know well but not using it” are higher than one of 

male adopters, about 66-68% versus 57.1%. Moreover, older people seem to be adopters (42.9%) 

rather than non-adopters or “not applicable” (33.5%), “never heard of it” (28.6%), “know 

somewhat but not using it” (30.9%) while they are similar when considering non-adopters who 

“know well” (39.3%). While there are no big differences in education and income among adopters 

and non-adopters, households who have children under 12 are a bit different between adopters and 

non-adopters of “never heard”, 19.4% versus 29.3% although the gap is smaller for other non-

adopters: “not applicable”: 22.1%, “know somewhat”: 25.1% and “know well”: 27.5%. 

Environmental concerns as “severe problem” for excessive use of pesticides of adopters is 

considerably higher than ones of non-adopters (40.6% versus 25.5%, 11.9%, 27.5%, 30.9%); while 

adopters’ choice “not/ slight problem” is much lower than non-adopters’ one (9.8% versus 22.8%, 

26.2%, 23.4%, 18.0%). Further, there are big gaps between the choices of “never heard” and “know 

well”: 11.9% vs. 30.9% for “severe problem” and 26.2% vs. 18% for “not/ slight problem”. For 

“importance of neighbor’s opinion regarding nice lawn”, the mean of adopters is smaller than ones 

of all types of non-adopters. The difference is the biggest when comparing to non-adopters of 

“never heard”: 2.917 vs. 3.143, and it is smallest when comparing to non-adopters of “not 

applicable”: 2.917 vs. 2.940. 

While most adopters spent more than 15 hours a month, non-adopters seemed to spend 6-

10 monthly hours on lawn care. The differences are the biggest when non-adopters are of “never 

heard”, particularly for “6-10 hours”: 25% vs. 47.6%, and for “greater than 15 hours”: 40.2% vs. 

11.9%. Moreover, the gaps are also big between non-adopters of “never heard” and ones of “know 
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well” at every interval of hours. For low weed density (average 1-10 weeds per square yard), there 

are big differences between adopters and non-adopters for: 60.2% versus 53.7%, 40.9%, 47.6% 

and 51.9%. In addition, non-adopters “never heard” are quite different from other non-adopters. 

The above summary statistics provide some signals to predict the likelihood or probability 

of non-adoption relative to adoption. To identify significant factors affecting the adoption of 

organic pesticides relative to other non-adoption decisions, regression analyses are used in the next 

section. Before the regression analysis, a correlation test of all predictors shows that none of 

correlation coefficients for pairs of those variables are significantly higher than 0.5, implying no 

multicollinearity appears for the regression.    

4. Estimation results and discussions 

We start by discussing the estimation results and their interpretation. The estimation results 

are presented in table 3. An important feature of MNL models is that they estimate (k-1) models 

where k represents the number of levels of outcome variable. In this paper, the reference or base 

category of the outcome variable represents the adoption decision while the others are distinct 

types of non-adopters. Hence, we have 4 model results corresponding to four types of non-adopters 

as compared to adopters. 

Since the parameter estimates are relative to the reference group, interpretations always 

imply the relative probability of non-adoption with respect to adoption given the set of explanatory 

variables. For example, for a unit change in “importance of neighbors’ opinions regarding nice 

lawn”, the logit or the multinomial log-odds for preferring non-adoption “j” to the adoption would 

be expected to change its parameter estimate (β7), all else equal. One may concern the relative 

probability or relative risk ratio so that exp(β7) is computed to indicate that given one unit increase 

in X7, the relative risk of being in the non-adoption group “j” would be exp(β7) times more likely 

or ratio of the probability of non-adoption “j” occurs to the probability of adoption occurs would 

be exp(β7) more likely, all else equal. For a categorical predictor, we need to modify the 

interpretation since a one unit change in this variable does not make sense. Each categorical 

predictor also has reference level so that parameter of each specific level of this variable is 

estimated and the logit for preferring non-adoption “j” to adoption would be expected to change 

its parameter estimate relative to the reference level. However, for ordered categorical variables, 

reference level would be the lowest or the highest one to make the one unit change be equivalent 

to a change from the reference level to the next one in the predetermined order. Generally, a 
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positive parameter estimate means the relative risk ratio is greater than 1, implying the choice 

would be classified to non-adoption “j” rather than the adoption and vice versa. In other words, a 

positive parameter estimate is more likely to be favor of types of non-adoption while a negative 

one implies the factor is associated with adoption of organic pesticides. 

Table 3. Multinomial logit regression results with adopt as the base 

Independent Variables (Factors) Non-Adopters 

Never 

heard 

Know 

somewhat 

Know 

well 

Not 

applicable 

Male -.202 .211 .041 .001 

Age (base: > 60 years)  

18-30 years .872 1.130* .213 1.132* 

31-45 years -.904 .033 -.205 .135 

46-60 years 1.141 .304 -.286 .311 

Education (base: bachelor or some college)  

High school or lower .376 -.001 -.057 .188 

Post graduate .463 -.001 .043 .520 

Income (base: $100,000 and above)  

< $24,999 1.094 -.672 -.493 .447 

$25,000-$49,999 1.478 -.078 .127 .830 

$50,000-$74,999 .262 -.069 .382 .551 

$75,000-$99,999 .986 .105 -.103 .601 

Having children under 12 (base: No children)  

More than 1 child .631 .077 .560 -.325 

Environmental concern regarding pesticides (base: Severe problem)  

Not or slight problem 2.872*** 1.456*** 1.107** 1.728** 

Moderate problem 1.081 .154 .016 -.147 

Don’t know 1.929* .432 .248 .825 

Importance of neighbors’ opinions regarding nice lawn .391 0.376** .429*** .352** 

Monthly hours spent for lawn (Linear effect) -2.345*** -.979*** -.771** -1.524*** 

Number of weeds per square yard (cubic effect) -4.278 -.411 -.612** -.404 

Pest Control service from company (base: No)  

Use service -.089 -.308 -.245 .016 

Constant -8.881 -.907 -.975 -2.024** 

Goodness of fit     

N 449 

LR ChiSquare (88) 129.45 

Pr(>Chisquare) .002681 

AIC 1392.958 

Pseudo R2 (Mc Fadden):  9.7% 

Pseudo R2 (Cox & Snell 25.0% 

Pseudo R2 (Nagelkerke) 26.4% 

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

respectively. 

 

Table 3 shows that the full model fits the data well at alpha-level of 1% with the likelihood 

ratio test for goodness of fit. Three pseudo R squares are 26.4%, 25.0%, and 9.7% for Nagelkerke, 

Cox & Snell, Mc Fadden pseudo R2 respectively. Generally, these values are acceptable from the 

literature when comparing to other studies (McCann and Shin, 2018). However, this opens room 
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for adding more variables to obtain better model fit. Considering the current set of variables, 

several results are found as follows. 

The study confirms gender, education and income as statistically insignificant factors 

affecting organic pesticide adoption using in lawn care management. Only one age coefficient 

estimate is significant: people who are from 18 to 30 years old rather than greater than 60 years 

(the reference category) are more likely to be non-adopters “know somewhat” or “not applicable” 

rather than to be adopters of organic pesticides. In other words, comparing old people (> 60) to 

young people (18-30), old people are more likely to adopt organic pesticides. The main differences 

between youngest and oldest people in the sample may be the oldest people are retired and able to 

spend more time per month on lawn care than youngest ones do. For example, in group of people 

who spent more than 15 hours a month, the oldest people represent 40.4% versus 3.8% of the 

youngest ones.  

The study fails to detect the important role of children on organic pesticide adoption as 

expected. The positive sign of the estimates of all non-adopters except “not applicable”, imply 

non-adoption is more likely than adoption when households have at least one child under 12. The 

negative sign of non-adopters of “not applicable” supports some studies in the literature (Davis et 

al., 1992; Alumai et al., 2009) when the reason for “not applicable” is that the households are 

currently do not treat their lawns. However, since all of these estimates are statistically not 

significant, child factor still is not clear as the literature figured out (Boizot-Szantai et al., 2017). 

Interestingly, the study supports environmental concerns regarding local excessive 

pesticide use, perception of neighbors’ opinion regarding nice lawn, and gardener’s behavior as 

determinants of organic pesticide adoption in lawn care management. It can be seen from the 

estimation results that the coefficient estimates of “not problem or slight problem” for all non-

adopters are significantly positive implying residents concerned with the local excessive use of 

pesticides as “serious problem” rather than “not/ slight problem” are more likely to be adopters of 

organic pesticides. The estimate of “never heard” is the biggest: 2.9, followed by “not applicable”: 

1.7, “know somewhat”: 1.5 and “know well”: 1.1 respectively. Thus, we have e1.1 = 3 and e2.9 = 

18 implying the lowest and the highest probability for residents to be non-adopters of “know well” 

and “never heard” relative to adopters respetively when concerning excessive use of pesticides as 

“not/ slight problem” rather than “severe problem”. In other words, the relative risk ratio of being in 
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the adopter category would be from 3 to 18 times more likely for more serious environmental concerns with 

respect to non-adopters know organic pesticides well and non-adopters who had never heard of them, 

respectively. Hinkson Creek has experienced water pollution for a long time, and residents there 

are very concerned about water quality (Radeke et al., 2001) which is possibly negatively affected 

by excessive pesticide use. Surprisingly “know well” group has the smallest magnitude among 

various types of non-adopters, which may originate from organic pesticides is not the safest choice 

relative chemical ones from “know well” people’s perspectives. 

 For perception of neighbors’ opinions regarding nice lawn, almost estimates are 

significantly positive except one of “never heard” group, which implies residents who strongly 

agree neighbors’ opinions regarding their nice lawn are more likely to be non-adopters rather than 

adopters. The greater the agreement with their neighbors about appearance of lawn, the greater the 

chances to fall in non-adopter groups rather than adopter group. The effect is linear since the 

variable “perception of neighbors’ opinions regarding nice lawn” is measured by a Likert scale. 

The linear effect of the variable in “know well” group is the biggest: 0.429 versus 0.376 of “know 

somewhat” and 0.352 of “not applicable”. In term of the relative probability, people who know 

organic pesticides well agreed with neighbor’s aesthetic concern are more likely to be non-adopters by e.429 

= 1.54 compared to the cases of non-adopters of people know somewhat, e.376 = 1.46, and people 

who are not applible using organic pesticides, e352 = 1.42. Since organic pesticides are seen to be 

less effective than chemical ones regarding nice lawn, one may ask a question whether the biggest 

estimate for “know well” group originate from the fact that people in this group give lower credits 

to organic pesticides than ones in “know somewhat” and “not applicable”.  

Considering two features of gardener’s behavior measured in ordered categorical way, 

there are significant linear effect for monthly hours spent on lawn care, and cubic effect for weed 

density. On the other hand, the third dimension in term of hiring pest control companies does not 

significantly affect adoption. For time feature, estimates of all types of non-adopters are 

significantly negative implying people who spend more time on lawn care are more likely to be 

adopters vs. non-adopters. The linear effect of ordered factor is coefficient estimate when 

comparing two any interval time period (doubles this estimate when considering 0-5 hours and 11-

15 hours and so on). We can see the linear effect of the “know well” group is the smallest while 

one of “never heard” group is the biggest among the results of non-adopters in term of magnitude, 

(-0.771) versus (-2.345), which may imply the probability of people using less time on lawn care 
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falls into “never heard” group is higher than one falls into “know well” group: .463 versus .096, 

with respect to the adoption group for example. This may be explained by “never heard” people 

think bigger substitution effect of organic pesticides for labor yard work than “know well” people 

do. For the volume of yard work feature, only cubic effect in the model of “know well” non-

adopters relative to adopters is significantly negative. The cubic effect means people have smaller 

volume of work in term of no weed rather than high weed density (> 40 weeds per yard square) 

are less likely to be non-adopters of “know well” relative to adopters. In other words, even though 

people know about organic pesticides, if they have to face a high weed density like more than 40 

weeds per square yard relative to no weed, they are more likely to be non-adopter rather than 

adopter of organic pesticides used in lawn care management. 

5. Conclusions, implications, and limitations 

The main objective of the paper is to examine determinants of household’s adoption of 

organic pesticide as a best management practice in lawn care using a unique dataset from Missouri. 

In particular, the paper built a set of factors possibly affecting organic pesticide adoption based on 

synthesizing the literature of both organic consumption and organic and IPM production, organic 

cleaning products and organic lawn care practices in general. A possible set of predictors for 

adoption behavior contains demographic variables, environmental knowledge and attitudes, 

expectations of property value, and gardener’s behaviors. The role of children, environmental 

attitudes, perception of neighbors’ opinions, time and yard work are factors of interest. The paper 

employed a multinomial logit model to test significant factors of the adoption compared to 

different types of non-adoption with revealed preference assumption. 

Overall, the estimation results support some of our hypotheses. For child factor, the paper 

fails to detect a significant effect on adoption, however this is in line with previous studies 

(Janssen, 2018, Boizot-Szantai et al., 2017). On the other hand, environmental attitudes, perception 

of neighbors’ opinions, time and yard work are critical factors even though their effects may be 

different considering types of non-adopters. Many differences come with “never heard” and “know 

well” group. For environmental concerns, people who have more concerns with local extensive of 

chemical use are more likely to be organic pesticide adopters. The biggest effect is of “never heard” 

group while the smallest one is of “know well” group, implying different environmental 

knowledge and attitudes between these two groups toward local issues affecting the relative 

probabilities relative to adopters. For perception of neighbors’ opinions, residents who are more 
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concerned about neighbor’s views regarding their lawn appearance are more likely to adopt 

conventional pesticides rather than organic ones. Effectiveness of organic pesticides compared to 

synthetic ones may be key reason behind this conclusion, and people know well organic pesticides 

have motivations to choose conventional pesticides over organic ones when their higher 

expectations for aesthetic values than the adopters’ ones. For gardener behaviors, homeowners 

who spent more time of gardening per month are more likely to be organic pesticide adopters in 

lawn care management. As the same as environmental attitude’s effect, the biggest effect is of 

“never heard” group while the smallest one is of “know well” group. The gap herein may come 

from different views of substitution effect of organic pesticides for labor yard work: people know 

well about organic pesticides may think they require more labor while “never heard” seem to be 

overestimate substitutability of organic pesticides. Another dimension of gardener’s behavior like 

yard work in term of average number of weeds may be helpful when choosing no weed case rather 

than high weed density: people know well about organic pesticides are more likely to be non-

adopters than adopters. Again, “know well” people may be concerned about the effectiveness of 

organic pesticides for weed control. 

Based on the results, several implications are drawn regarding gardeners, pest control 

companies, and environmental policy makers. First, effectiveness of organic pesticides is 

important to gardeners, comparing to chemical ones, and this is more important to residents who 

focus on lawn’s aesthetic value rather than environmental concerns. Improvements of studies or 

reports on effectiveness of both commercial and home-made organic pesticides will benefit these 

residents and pest control businesses. On the other hand, development of gardeners’ 

communications to transfer experiences using organic pesticides effectively may increase 

adoption. Second, locally environmental concerns are more important than general environmental 

ones to increase support for safer pesticide practices. This drives the approach of policy makers in 

dealing with pesticide issues. Financial incentives alone or environmentalism alone might not be 

effective. The policies might focus on three attributes: cost, value (effectiveness), and 

“environmental quality” (reduced negative impacts on environmental and personal health). Third, 

the significant differences between types of non-adopters imply the important role of knowledge 

on the adoption or non-adoption of organic pesticides. Since pesticides are complicated, “know 

well” is certainly better than know “somewhat” or “never heard”. Another policy implication is 

commercial organic pesticide labelling need to be improved so that “know somewhat” people 
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become “know well” ones, and social media or other communications help “never heard” people 

know about this.         

These above results are found by the unregularized MNL model in this study. The model 

fits well and the study provides important evidence for identification of factors affecting organic 

pesticide adoption in residential lawn care management. However, some of its weaknesses must 

be noted to understand the limitations of the predictive power of the model, as well as the possible 

improvements. Two main caveats must be mentioned. One is related to “not applicable” choice 

which we really do not know what pesticide management practices are currently used in the 

residential lawn care management. Since this option takes 24.3% of the total sample, treating them 

as missing will result in a loss of information. In this study we used revealed preference assumption 

to guarantee this choice as a distinct category of non-adopters. However, we have to keep in mind 

that there are the cases in which respondents are not applicable since they do not make decisions 

using organic pesticides, but pest control companies do instead. These cases should be excluded 

out from the sample since they do not describe exactly homeowner’s decision. This fact is source 

of potential biasedness as well as potential error classification.  

Another caveat is that we cannot have better clarification for motivations of time spent on 

lawn care. Time can be used as a substitute input for pesticides in pest control in the model of 

household production and consumption. On the other hand, time gardening also represents the 

enjoyment of gardening, which might be correlated with safer pesticides as the literature indicates. 

In both cases, more time leads to reduced synthetic pesticides and vice versa. However, we do not 

know what the motivations are for time spent on lawn care. They might be availability of time 

because of retirement, or preferences toward nice lawn, or simply hobby or natural exercise and 

so on. These factors also can affect pesticide use in different ways causing potential biasedness. 

Note that we are assuming a linear function without interaction effects of random utility for the 

MNL model, a more complex model might be necessary to avoid omitting important variables like 

interaction effect or to correct functional form of the random utility. To overcome these caveats, 

further research is needed to compare people who seem to not use any pesticides versus those that 

use organic ones. Additional research might explore the link between time spent gardening, 

motivations for yardwork and the adoption process.    
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