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Abstract 
Increasing urbanization has led to increasing impermeable surfaces and use of 
lawn care products. Phosphorous (P) is a major pollutant in freshwater sys-
tems, leading to eutrophication, harmful algal blooms and hypoxia. An im-
portant source is runoff from urban areas so reducing use of P fertilizers by 
homeowners would be helpful. This study examines the use of two alternative 
fertilizer sources in an urbanizing watershed in the Midwest, organic fertiliz-
er/composted manure and P-free fertilizer. A mail survey of households was 
conducted, resulting in a 44% effective response rate. The adoption rates were 
relatively high (31% and 23% respectively) compared to those found in pre-
vious work for rain gardens and rain barrels. Probit regression results found 
that adoption of both practices was higher among those who tested their soil, 
knew the watershed concept, and spent more than 10 hours per month gar-
dening. Results for use of composted manure imply that adopters do not view 
this as fertilizer, which may result in buildup of P levels in the soil over time. 
Respondents who indicated that water quality was more important than eco-
nomic development were more likely to use P-free fertilizers. Significant de-
mographic factors for organic fertilizer were somewhat surprising; those with 
two years of college were more likely to adopt than those with a four-year de-
gree and those with household income of $50,000 - 75,000 were more likely to 
adopt than those with an income of $75,000 - 100,000. No demographic fac-
tors were important for P-free fertilizers. 
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1. Introduction 

Urbanization has increased in the US in recent years [1] [2], resulting in de-
creased wetlands and increased impervious surfaces which result in increased 
stormwater runoff. This can increase flooding and degrade aquatic habitats due 
to high peak flows. In addition, these changes to the landscape also increase wa-
ter pollution due to increased nutrients and pesticides in the runoff due to both 
increased applications and water flows.  

Phosphorous (P) is a problem in the Chesapeake Bay as well as the Great 
Lakes, where an algal bloom in Lake Erie affected water supplies in Toledo, Ohio 
in 2014. While much of the attention is focused on agriculture as the main non-
point P source, households are also part of the problem. In the Chesapeake Bay, 
urban/suburban runoff was a major contributor of P and the only one that was 
increasing [3]. While the amount of land in lawns is small relative to cropland, 
fertilizer use per acre is higher [4], up to 10 times as high in one study [5]. A 
number of studies looking at urban fertilizer use have found that most home-
owners apply fertilizer without having done a soil test to determine nutrient 
needs [6] [7] [8]. In Missouri, actual soil tests in the Springfield area [7] and 
Boone County (which includes Hinkson Creek watershed) [9] found that soil P 
and potassium (K) levels were high. Fifty-four percent of Boone County lawn 
and garden soil samples had high or very high P levels, and 66 percent had high 
or very high K levels. Homeowners also imply “a lot of minds to change”; it is 
estimated that 38 million people overfertilize their lawns [10].  

This study examines the factors affecting household adoption of two fertilizers 
that may have environmental benefits: composted manure/organic fertilizer and 
P-free fertilizer, which are described below. While many people may view or-
ganic products as being environmentally superior, P-free fertilizers actually ad-
dress the environmental problem of algal blooms, so comparing these products 
is important. To our knowledge, this is the first study to examine the use of or-
ganic fertilizers by households and the first to compare these two products.  

Livestock manure is a major contributor to agricultural runoff that causes wa-
ter quality problems [11] [12] [13]. Agriculture has become more specialized, 
resulting in some farmers with no livestock and others with livestock but essen-
tially no land for manure application [14]. Interest in manure transfers is in-
creasing due to fertilizer costs, renewable energy, and water quality issues (e.g. 
[15] [16]). New uses for manure can be win-win opportunities for livestock far-
mers, new users, and the environment. While there is increasing interest by crop 
farmers in using manure as a source of P, nitrogen (N), micronutrients, and or-
ganic matter, another potential market is households. If manure nutrients from 
livestock farmers are in excess of on-farm crop needs, and if the manure used off 
the farm substitutes for commercial fertilizer; nutrient pollution may be reduced. 
However, livestock manure typically has higher P/N ratios than needed by crops 
or lawns so applications that are based on N will lead to an accumulation of P in 
the soil, unless complemented with a commercial N source. Proper composting 
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of manure kills weed seeds and pathogens but some of the ammonia-N is lost, 
exacerbating this problem. In addition, the composition of manure is variable. 
Many gardening and home improvement stores sell composted manure as an 
organic alternative to commercial fertilizer.  

P-free fertilizers for home use were developed because established lawns 
usually need no additional P. Under these circumstances, balanced fertilizers (con-
taining N, P and K) can result in greater P runoff from urban landscapes [17]. In 
the previous decade, there were educational campaigns such as the one by the 
Lawn to Lake Consortium that used the phrase “Don’t ‘P’ on your lawn”. There 
have also been legislative efforts. Eleven states have passed laws that limit the use 
of P-containing fertilizers on lawns except for establishing new turf or if a soil 
test indicates a need for P. Minnesota passed their law in 2002 but most of the 
other states passed their laws in 2010 or 2011 [18]. Scott’s Miracle-Gro removed 
P from their Turf-Builder products in 2013, and no further laws have been 
passed since then. Consumers in other states, such as Missouri, can choose to 
buy commercial fertilizers without P if they know that the middle number on the 
fertilizer bag indicates the P content or if they read the label carefully. These fer-
tilizers are not organic, however they can improve water quality by reducing P 
runoff [19].  

These two alternative fertilizers for home use have different characteristics. 
While both have the potential to improve water quality by reducing overall nu-
trient pollution, composted manure is a natural product that can be produced 
organically, and which has a variety of on-site benefits for gardens, while P-free 
fertilizers are a commercial, chemically-produced fertilizer product. Therefore 
we hypothesize that the factors affecting adoption of these products, such as 
demographic factors, environmental attitudes, gardening habits, and informa-
tion sources, may differ. In the next section, the literature is reviewed to develop 
specific hypotheses which are used to build the conceptual model. The hypo-
theses are tested using mail survey data from an urbanizing watershed in Co-
lumbia, Missouri.  

This research can be used to increase adoption rates of these practices by im-
proving educational and advertising efforts and the design of new products. 
Since a number of states have policies restricting the sale of fertilizers with P for 
home use, this may also be useful information for other states that are consider-
ing such policies. This research also supplements the relatively meagre literature 
on residential adoption of environmentally-friendly practices for lawns and gar-
dens.  

2. Literature Review 

Most research on adoption of environmental practices to improve water quality 
has focused on farmers instead of households. Economics and sociology both 
examine adoption and diffusion of innovations in general and conservation 
practices in particular (see reviews by [20] [21] [22] [23]). The literature shows 
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that perceived characteristics of the practice (e.g. profitability, relative advan-
tage), adoption of complementary practices, as well as characteristics of the farm 
and farmer are important.  

Regarding household landscape management practices, demographic charac-
teristics affect adoption. Higher incomes typically are associated with higher 
adoption probability (e.g. [24] for rain barrels, [25] for chemical use on lawns, 
[26] for water conservation practices, [27] for appropriate disposal of pet waste 
and grass clippings, and [28] for fertilizer). A study that specifically examined 
adoption of P-free fertilizers found that it was positively influenced by income 
level [27].  

While the literature on farmers often finds that adoption of best management 
practices (BMPs) increases with education and decreases with age, studies of 
households often find insignificant effects. Reference [27] found that adoption of 
appropriate management of grass clippings increased with education level, but 
that it did not have an effect on adoption of P-free fertilizers. Reference [24] 
found no effect of education on rain barrel adoption, but [26] found more edu-
cation increased use of water conservation practices both inside and outside the 
home. Studies examining age and household practice adoption typically find in-
significant relationships (e.g. [27] on lawn care BMPs, [24] on rain barrels, [29] 
on rain gardens).  

Studies often find that women are more likely than men to have pro-environmental 
attitudes (e.g. [30]) and to adopt environmental practices. Reference [29] found 
that men were more likely to have never heard of rain barrels than to adopt them 
but that there was no effect for rain gardens. Men were less likely to correctly 
dispose of grass clippings but there was no effect on the other BMPs (including 
P-free fertilizer) examined by [27].  

In addition to demographic variables, gardening interests and complementary 
practices may be relevant. Serious gardeners have been shown to be more likely 
to adopt stormwater management [29] [31] since they would tend to be more 
aware of the practices and may get utility from trying them out. Gardeners typi-
cally want a landscape that is aesthetically pleasing which may be in conflict with 
their environmental preferences [25] [32]. Reference [29] found that those who 
watered their lawn as needed to keep it green were more likely to have adopted 
rain gardens. However, concern about the appearance of rain barrels and rain 
gardens was not significant for either practice, all else equal. Compatibility with 
other features was a concern that limited adoption of rain barrels in that study. 
Reference [33] found that water conservation behaviors that required permanent 
changes to the landscape had lower adoption intensions. Related landscape man-
agement practices, such as soil testing or using a lawn care service, may affect 
adoption rates [34]. Reference [29] found that use of a lawn care service was ne-
gatively associated with adoption of rain barrels.  

Environmental knowledge and attitudes both affect adoption intentions of 
household BMPs [6] [35]. Adoption of residential BMPs may be increased by 
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knowledge regarding BMPs and the existence of a watershed management plan 
[10] [29] [36]. Reference [27] did not find an effect of knowledge about a wa-
tershed management plan, however a knowledge scale developed from know-
ledge of all the BMPs examined was highly significant for all practices, including 
the use of P-free fertilizer. Reference [24] showed that awareness of the effects of 
rain barrels had a positive impact on their adoption, while [29] found that among 
adopters, none doubted the water quality benefits of rain barrels.  

Pro-environmental attitudes and trusting information from environmental 
organizations, can also impact adoption of BMPs. However, [30] found that know-
ledge of horticultural practices and adoption of them was not linked to general 
environmental attitudes. According to [37], if households trust information sources, 
they would be more likely to follow the group’s recommendations regarding en-
vironmental practices for the landscape. Reference [29] found that people who 
trusted environmental groups very much were more likely to have adopted rain 
barrels. 

3. Conceptual Model 

Given the different characteristics of these two practices, we examined whether 
the factors affecting adoption differed between the two. In this study, households 
are assumed to choose the fertilizer product(s) that maximize their utility. As 
explained later, homeowners who did not apply any fertilizer were eliminated 
from the dataset so the comparison in each case is with use of standard commer-
cial fertilizers.  

From the literature on the effects of demographic characteristics, we expect 
the likelihood of adoption of both practices to increase with education, and to be 
lower for men compared to women. While neither of these practices is especially 
expensive, and neither requires permanent changes to the landscape, and thus 
neither requires additional financial outlays, the opportunity cost associated 
with higher incomes may have an effect. P-free fertilizers are a concentrated 
source of nitrogen, are easy to use, and widely available so those with higher in-
comes and thus a higher opportunity cost of time, would not be more likely to 
use P-free rather than balanced fertilizer. (P-free fertilizers are not more expen-
sive than balanced commercial fertilizers). Organic fertilizers on the other hand 
are more cumbersome and less available. Thus, contrary to typical analyses, we 
expect households with higher incomes to be less likely to adopt organic fertiliz-
er and for there to be little or no effect on P-free fertilizers since time require-
ments would be similar in that case.  

In addition to demographic factors that are often related to adoption, we include 
knowledge of the watershed concept since people interested in environmental 
issues may be more likely to have learned about it, and knowing that informa-
tion, be more likely to adopt BMPs. Since this is a fairly general indicator, we 
expect it would probably positively affect adoption of both practices. A more spe-
cific indicator of attitudes toward water quality versus economic development would 
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be expected to have greater impact on P-free fertilizer use since this product directly 
affects water quality and little else. Another indicator of pro-environmental atti-
tudes is whether they trust environmental groups very much. We expect this to 
be more important for organic fertilizer since some of these people may distrust 
any commercial fertilizer.  

Other landscape management practices may also have effects on adoption. We 
expect that people who fertilize more often than recommended by Extension to 
be less likely to adopt either practice. We expect a positive correlation with use 
of soil testing for both practices but for the effect to be stronger for P-free ferti-
lizer use since households would have good information on current soil P levels 
as well as specific recommendations for P applications. Composted manure has 
a variety of positive impacts on yards and gardens, such as improving soil tilth 
and providing trace elements, which are not obtained from typical commercial 
fertilizers. Serious gardeners, as measured by time spent gardening, may be more 
aware of the additional benefits provided by composted manure and thus more 
likely to use it, however these households would also be more likely to be aware 
of the availability of P-free fertilizers. We expect time spent gardening to in-
crease adoption of both practices relative to balanced commercial fertilizers but 
for the effect on compost to be stronger.  

On the other hand, households who hire mowing and chemical application 
services would be expected to gain less utility from yard and lawn care and thus 
to be less aware of both products and less likely to adopt them. Residents pre-
ferred sources of fertilizer information may also affect adoption. Those who dis-
trust conventional sources of fertilizer information, such as commercials and 
store employees, would be more likely to adopt organic fertilizer, but we expect 
little effect for P-free fertilizers.  

4. Data and Methods 

We conducted a mail survey of Columbia, Missouri households in spring of 
2014. A random sample of 2000 names and addresses was obtained from Survey 
Sampling Incorporated for three zip codes (65201, 65202, and 65203) that in-
cluded the City of Columbia as well as nearby rural and suburban residents. Us-
ing ZIP codes to create the sample is relatively simple and may cause less sample 
clustering [38]. We asked that the sampling eliminate multi-family housing to 
focus on detached homes with yards. The design of the survey and the survey 
process followed the Dillman methodology [39]. (For more information on the 
survey, see [29]).  

The survey was designed to examine adoption of a range of environmental 
practices relevant to households, including organic fertilizer (composted manure 
was a second term provided) and phosphate-free (P-free) fertilizer. The survey 
instrument included questions that were modified from [40] to measure envi-
ronmental attitudes, and from [41] to examine lawn care practices. Some other 
questions were from the Social Indicators for Planning and Evaluation System 
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(SIPES) [42]. The cover letter asked the person most responsible for lawn care to 
complete the survey.  

To improve the survey, we pre-tested it using respondent debriefing since re-
searchers are able to discuss the survey with respondents immediately after they 
take the survey in order to better understand how they interpreted the questions 
[43]. The survey was modified somewhat after discussion with two groups of a 
dozen volunteers. That version of the survey and other correspondence was ap-
proved by the Institutional Review Board of the University of Missouri.  

The Dillman Total Design Method [39] consists of many techniques designed 
to increase response rates and the validity of the responses. In addition to mul-
tiple mailings of the survey packet, we also included a magnet with a picture of 
Hinkson Creek and the county Extension Service’s website1. The effective re-
sponse rate was calculated by first removing 200 cases where people had moved 
or died as well as 27 cases for whom the survey was not relevant, such as those 
with no lawn. Of the remaining 1773 questionnaires, 783 were completed and 
returned resulting in an effective response rate of 44.1%.  

The dependent variables, use of organic fertilizer and P-free fertilizer, are di-
chotomous variables (1 = currently use it, and 0 = otherwise, including res-
ponses of “know how to use it, but not using it”, “somewhat familiar with it, but 
not using it”, and “never heard of it”). Explanatory variables are created from the 
survey data, similar to those of [29]. 

The dummy variable for knowledge of the watershed concept is “Know what 
it means” while the base is created by combining “I have heard of it but I’m not 
sure what it means”, and “Never heard of it”. Another variable measured their 
level of agreement with the sentence “It is important to protect water quality 
even if it slows economic development”, using a Likert scale (1 = Strongly disag-
ree to 5 = Strongly agree). Responses of 1, 2, or 3 are used as the base category 
and responses of 4 or 5 are combined to create the agree dummy variable. Atti-
tude about neighbors was evaluated by their level of agreement with the state-
ment “It is important to me that my neighbors think I have a nice lawn”, using 
the same Likert scale. The agree dummy variable again consists of responses 4 or 
5. Environmental attitudes are measured by the level of trust in environmental 
groups as information providers about soil and water issues; responses of not at 
all, slightly, and moderately form the base, while very much is used as the dum-
my variable.  

For household’s lawn care behavior variables, four categories of frequency of 
fertilizing their lawn are combined to reflect three subcategories: never, 1 to 2 
times per year (base category), and more than 3 times per year. Frequency of 
watering lawn responses were: “as needed to keep it green”, “infrequently in 
summer”, “only in severe drought” and “never water”. The low watering variable 
consists of the last two options while the first two form the base in the regres-
sion. The lawn care service variable includes three categories: no service (base 

 

 

1See [29] for specific information on the timing and content of mailings. 
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category), service just for mowing, and a service that involves chemical use in-
cluding fertilization and pest control. Household gardening behavior was as-
sessed by asking about the “average hours a month spent during the March to 
November growing season”. The four possible response categories were com-
bined to form a base category of 0 - 10 hours and a dummy variable of greater 
than 10 hours. Use of a soil test is a dichotomous variable (1 = currently use it, 
and 0 = do not use).  

For demographic variables, a male (vs female) dummy variable for gender is 
used. Annual household income consists of; less than $24,999, $25,000 - $49,999, 
$50,000 - $74,999 (base category), $75,000 - $99,999 and more than $100,000. 
Education level responses include: high school diploma or GED, 2 year college 
degree, 4 year college degree (base category), and post-graduate degree. Homeow-
nership is a dummy variable with renter as the base. Location or residence variables 
include living in the city of Columbia (base category), suburban, and rural. 

Most important fertilizer information source options included eight catego-
ries: Not applicable/do not fertilize, TV/newspaper commercial, Internet infor-
mation, Information on the label/package, Employees in store, Profession-
al/extension service (base category), Neighbors/family/friends, and other. Those 
checking other were asked to specify the source and the most common response 
was lawn care service employees.  

We removed 66 respondents (about ten percent of usable surveys) who we be-
lieve never use fertilizer of any kind, i.e. if they say they never fertilize their lawn, 
they do not use a service for fertilization, and they also indicate that information 
on fertilizer is not applicable to them. The base in the regressions is thus impli-
citly typical commercial fertilizer.  

Due to the dichotomous nature of the dependent variables, a bivariate probit 
model is employed. The independent variables were categorical or used Likert 
scales and were recoded into dummy variables for the regression analysis. Given 
a variety of factors that are hypothesized to influence adoption likelihood for 
homeowner i, ( )1 2 3, , , ,i kx x x x=x 

, the probability of adoption is denoted as 

( )1|i i ip P Y= = x , which is assumed to be given by the standard normal distri-
bution ( )β′Φ x  for probit models [44]. If unobservable error terms are inde-
pendent, we can obtain consistent estimates by using this single-equation probit 
model. However, adoption decisions for composted manure are likely not inde-
pendent of the adoption of P-free fertilizer. Therefore, the single equation probit 
regression may not be efficient since it ignores the correlation between the error 
terms [44]. The bivariate probit model overcomes this problem by the joint pre-
diction of adoption decisions. Thus, we apply the bivariate probit model in order 
to test this correlation. The data were analyzed using STATA 13. We first report 
the summary statistics since the adoption rates themselves are also of interest.  

5. Results and Discussion 

As shown in Table 1, about 31 percent of respondents indicated they used “organic  
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Table 1. Summary statistics.  

Variable Obs Mean Std. Dev. 

Organic fertilizer P-free fertilizer 

Adopters Non-adopters Adopters Non-adopters 

Mean Mean Mean Mean 

Organic fertilizer 590 0.308 0.462 0.308 0.692 0.526 0.240 

P-free fertilizer 581 0.234 0.424 0.399 0.159 0.234 0.766 

Environmental Knowledge and Attitudes  
     

Knowledge of watershed 601 0.637 0.481 0.772 0.575 0.754 0.598 

Importance of water quality 610 0.813 0.390 0.857 0.792 0.868 0.796 

Concern about neighbors’ opinions 605 0.430 0.495 0.333 0.478 0.425 0.436 

Trust env. group very much 584 0.175 0.380 0.273 0.125 0.215 0.151 

Yard Management Behavior 
       

Fertilizing habits 
       

No fertilizer use 601 0.121 0.327 0.303 0.037 0.142 0.113 

1-2 times (base) 601 0.567 0.496 0.534 0.599 0.530 0.588 

More than 3 times 601 0.285 0.452 0.146 0.333 0.313 0.267 

Watering habits 
       

As needed to keep lawn green 603 0.264 0.441 0.211 0.283 0.319 0.251 

Infrequently (base) 603 0.420 0.494 0.383 0.436 0.356 0.430 

Never/ Severe drought 603 0.269 0.444 0.350 0.239 0.274 0.274 

Use lawn care service 
       

No use (base) 603 0.635 0.482 0.750 0.591 0.637 0.643 

Mowing only 603 0.050 0.218 0.056 0.049 0.044 0.054 

Chemical use 603 0.315 0.465 0.194 0.360 0.319 0.303 

Hours spent on gardening/lawn 
       

More than 10 hours 600 0.487 0.500 0.641 0.420 0.590 0.456 

Conducted soil test 592 0.147 0.354 0.264 0.093 0.311 0.094 

Personal Characteristics 
       

Male 600 0.667 0.472 0.628 0.682 0.659 0.674 

Education 
       

High school degree or GED 603 0.103 0.304 0.088 0.112 0.088 0.107 

2yr college degree 603 0.189 0.392 0.243 0.161 0.228 0.171 

4yr college degree (base) 603 0.350 0.477 0.326 0.360 0.331 0.355 

Graduate degree 603 0.358 0.480 0.343 0.367 0.353 0.367 

Household income 
       

$0 - $25,000 550 0.047 0.212 0.054 0.044 0.048 0.045 

$25,000 - $49,999 550 0.171 0.377 0.226 0.145 0.184 0.170 

$50,000 - $74,999 (base) 550 0.262 0.440 0.321 0.238 0.264 0.259 
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Continued 

$75,000 - $99,999 550 0.185 0.389 0.131 0.208 0.152 0.192 

$100,000+ 550 0.335 0.472 0.268 0.366 0.352 0.334 

Homeownership 602 0.944 0.231 0.923 0.953 0.934 0.945 

Where you live 
       

Urban area (base) 605 0.648 0.478 0.619 0.664 0.647 0.651 

Suburban area 605 0.236 0.425 0.199 0.252 0.235 0.238 

Rural area 605 0.116 0.320 0.182 0.084 0.118 0.111 

Information Source 
       

Not applicable 598 0.100 0.301 0.250 0.025 0.134 0.084 

Commercials 598 0.033 0.180 0.017 0.040 0.037 0.034 

Internet 598 0.054 0.225 0.072 0.045 0.060 0.053 

Label 598 0.296 0.457 0.306 0.303 0.231 0.322 

Retail store recommend 598 0.047 0.211 0.022 0.060 0.060 0.046 

Extension/professionals (base) 598 0.161 0.367 0.094 0.190 0.201 0.146 

Neighbors 598 0.112 0.316 0.089 0.128 0.082 0.126 

Others 598 0.197 0.398 0.150 0.210 0.194 0.189 

 
fertilizer (composted manure)” and 23 percent indicated they used “phosphor-
ous-free fertilizer”. Of those using organic fertilizer, about 40 percent also use 
P-free fertilizer. About 52 percent of those using P-free fertilizer indicated that 
they also used organic fertilizer. Adopters of each practice tend to have higher 
knowledge of the watershed concept and to have more environmentally-oriented 
attitudes. Those who use organic manure tend to be less concerned about their 
neighbors’ opinion of their yards. Across all respondents, 57 percent fertilized 1 
- 2 times per year as recommended by University of Missouri Extension staff but 
only 15 percent had conducted a soil test. This is unfortunate since P is generally 
at sufficient levels in established lawns. This rate is slightly lower than the 18 
percent rate reported by [30] for New Jersey. The most common watering fre-
quency was infrequently. Almost two-thirds of respondents indicated they never 
used a lawn service, and those who do were more likely to use them for fertilizer 
and pesticide applications than mowing. Almost half of respondents indicated 
that they spent more than 10 hours per month on yardwork during the growing 
season. We asked the member of the household who did the majority of the 
yardwork to fill out the survey and two-thirds of respondents were male. The 
respondents were highly educated with over 70 percent indicating they had at 
least a four year degree. Census data for the City of Columbia give that number 
as 55 percent. The most common household income category was over $100,000 
while the most common one based on Census data is less than $50,000. Given 
that Columbia is a college town and that people living in houses tend to be more 
educated and wealthier than those living in apartments, this is not unexpected, 
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however some bias may exist. Almost 95 percent of respondents owned their 
home and the majority lived in the City of Columbia. The most common source 
of information on which fertilizer to use was the product label.  

To test for multicollinearity we examined correlation coefficients as well as the 
variance inflation factor (VIF) for each variable. None of the correlations was 
higher than 0.5. The VIF for all variables in the models (maximum of 2.21) was 
below the cutoff of 10 proposed by [45]. Thus there is no evidence of multicolli-
nearity in the bivariate probit regressions. Univariate logit regression results 
were used to estimate the McFadden pseudo-R2 which was 0.29 for the organic 
fertilizer model and 0.13 for the P-free model.  

As indicated above, it is possible that the adoption decisions for the two prac-
tices are correlated so a bivariate probit model was analyzed. The value of rho 
(which has a possible range of −1 to 1) was 0.38 and it was highly significant (P < 
0.01) indicating that adoption of one practice is positively correlated with adop-
tion of the other. The analyses shown in Table 2 thus relate to the bivariate pro-
bit which accounts for the correlation of the error terms. Variables that are sig-
nificant at the P < 0.10 level or below are discussed. Three variables had a posi-
tive effect on adoption of both practices: knowledge of the watershed concept, 
spending more than 10 hours gardening, and whether they had also adopted soil 
testing. Adopters thus tend to be serious gardeners who are well-informed on 
nutrient applications as well as water quality issues. The effect of hours spent 
gardening was both larger and more significant for organic fertilizer, as ex-
pected.  

In other cases, the significant variables varied by practice. Those who indi-
cated they never fertilize their lawn were significantly more likely to use organic 
fertilizer, while those who fertilized more than two times per year were less likely 
to adopt it. The location of the organic fertilizer use was not indicated so it is 
possible they do not fertilize their lawns but do fertilize their vegetable or flower 
gardens. Given the way the survey was designed, we do not know where these 
two fertilizer products were applied. However, it seems more likely that these 
people do not consider composted manure to be fertilizer. While better for the 
environment than typical commercial fertilizer, the P-free product is regarded as 
fertilizer since it did not vary with fertilization frequency.  

Contrary to the organic fertilizer case, one of the variables for environmental 
attitudes, that protecting water quality is more important than economic growth, 
was positively associated with adoption of P-free fertilizer. This is in line with 
our hypotheses about this water quality-specific variable. For organic fertilizer, 
the variable for trust in environmental groups was very close to significance (P < 
0.1010) and was significant before dropping the 66 observations that we deemed 
to have not used fertilizer of any kind. Those who use a service for mowing were 
less likely to adopt organic fertilizer and those who use a service that includes 
chemical application were less likely to use P-free fertilizer.  

Some demographic variables also differed by practice. For P-free fertilizer, no 
demographic variables were significant, again highlighting the fact that its use  
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Table 2. Bivariate probit regression results. 

Variable 
Organic fertilizer 

Coef. 
P-free fertilizer 

Coef. 

Environmental Knowledge and Attitudes 
  

Knowledge of watershed 0.390** 0.344** 

Importance of water quality 0.097 0.422** 

Concern about neighbors’ opinions −0.198 −0.100 

Trust env. group very much 0.306 0.086 

Yard Management Behavior 
  

Lawn fertilizing habits (base: 1 - 2 times) 
  

No use of fertilizer 0.753*** −0.445 

More than 3 times −0.391** 0.091 

Lawn watering habits (base: infrequently) 
  

As needed to keep lawn green 0.209 0.286 

Never/severe drought −0.111 −0.029 

Use lawn care service (base: No use) 
  

Mowing only −0.918* −0.018 

Chemical use −0.333 −0.390* 

Hours spent on gardening/lawn 
  

More than 10 hours 0.481*** 0.241* 

Conducted soil test 0.988*** 0.958*** 

Personal Characteristics 
  

Male −0.295 −0.133 

Education (base: 4 yrs college degree) 
  

High School degree or GED −0.188 −0.020 

2 yr college degree 0.514** 0.304 

Graduate degree 0.124 −0.178 

Household income (base:$50,000 - $74,999) 
  

$0 - $25,000 −0.073 −0.394 

$25,000 - $49,999 −0.044 −0.077 

$75,000 - $99,999 −0.483** −0.164 

$100,000+ −0.231 0.022 

Homeownership −0.038 −0.395 

Where you live (base: Urban area) 
  

Suburban area −0.091 −0.101 

Rural area −0.008 −0.412 

Information Source (Base: Extension/Professionals) 
  

Not applicable 1.454*** 0.252 

Commercials 0.113 −0.040 
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Continued 

Internet 0.673* −0.194 

Label 0.161 −0.408 

Retail store recommend −0.443 −0.201 

Neighbors 0.054 −0.627* 

Others 0.229 −0.181 

Constant −1.071** −0.731 

Goodness of Fit 
  

N 489 484 

Log pseudo likelihood −215.892 −226.025 

Wald chi2 (30) 180.568 69.196 

Prob > chi2 0 0 

Psuedo-R2 (McFadden) 0.295 0.133 

AIC 493.784 514.049 

BIC (df = 31) 623.747 643.694 

 
characteristics are very similar to those of balanced fertilizers. This is contrary to 
the positive income effect and negative gender effect for P-free fertilizers found 
by [27], but similar to their education result. Those with some college or a two-year 
degree were more likely to adopt organic fertilizer than those with a B.S. degree. 
This result is somewhat puzzling but it may be that some of the adopters were 
current college students and it is in line with the findings of [29]. Those earning 
$75,000 - 99,999 were less likely than those with a household income of $50,000 - 
74,999 to use organic fertilizer. Again, use of this environmental practice does 
not seem to conform to the general findings of the literature, but it may be linked 
to the opportunity cost of time for this group since commercial fertilizer is easier 
to obtain and use relative to composted manure. Neither homeownership nor 
location of the home affected adoption of either practice, ceteris paribus. Given 
that no permanent landscape changes are required, the homeownership result is 
not surprising. We had expected rural households to be more aware of manure and 
thus more likely to use it. Reference [29] had found that rural households were 
more likely to use rain barrels than urban ones and [46] had found rural resi-
dents were more likely to plant drought tolerant plants.  

The two practices also differed with respect to preferred sources of informa-
tion. Compared to those whose preferred source for fertilizer information was 
professionals/Extension, adopters of organic manure were more likely to prefer 
the internet and to indicate “not applicable”. Again, those who adopt composted 
manure do not seem to view it as a fertilizer. Adopters of P-free fertilizer were 
less likely to consult neighbors than the base category of professionals or Exten-
sion.  

For both practices, adopters are knowledgeable about water quality in general 
as proxied by their knowledge of the watershed concept, as well as being in-
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formed about the nutrient status of their own landscape as evidenced by their 
use of soil testing. They are also serious gardeners who tend to take care of their 
lawn and garden themselves. From responses to the fertilizer frequency question 
as well as the question on sources of information, organic fertilizer users do not 
seem to regard the product as a fertilizer. Demographic variables had little ex-
planatory power for P-free fertilizer. The effect of demographic variables for or-
ganic fertilizer was not linear but rather adopters tended to have levels of educa-
tion and income that were in the middle of the range of categories. Given some 
of our other research on water management practices (e.g. [29]), the lack of ef-
fect of home location for either practice was interesting. The results regarding 
preferred sources of information indicate that those using organic fertilizer may 
either distrust standard sources of information or do not find them helpful so 
they use the internet. This has implications for producers of organic fertilizers; 
advertising on the internet may be a good way to reach these households. Those 
using P-free fertilizer do seem to trust traditional information sources such as 
Extension staff or horticulture professionals as much as other sources of infor-
mation and more than neighbors. Additional educational efforts oriented to 
households regarding fertilizers and soil testing may be warranted.  

6. Conclusions and Implications 

These results seem to indicate that adoption of these practices is likely driven in 
part by a desire to improve the environment but that these people are also keen, 
well-informed gardeners. Making these products both available and prominent 
at gardening supply stores may increase adoption rates since adopters would 
tend to buy plants and seeds as well as fertilizers at these stores. Educators could 
emphasize the importance of soil tests since it is positively associated with adop-
tion of these practices but also because adoption of soil testing is quite low in the 
US and P levels in urban soils tend to be high. Presentations at gardening clubs 
might increase adoption of P-free fertilizers among gardeners who are con-
cerned with the appearance of their lawns and gardens. Presentations that target 
those who want to use natural products may need to indicate that P build-up 
could occur with the use of composted manures. Some adopters may be unwil-
ling to supplement this product with commercial N sources but based on the fact 
that there was joint adoption of the two practices, complementing organic ferti-
lizer with P-free fertilizer may be a beneficial strategy. Educational efforts aimed 
at homeowners must recognize that they may have multiple goals that may po-
tentially be in conflict. Homeowners may want to be environmentally friendly 
but they also want an attractive lawn and garden [25]. 

Educational programs targeted to lawn care companies might be very useful 
since most companies apply the same types and rates of fertilizers to all lawns in 
their service areas and do not typically conduct soil tests to identify fertilizer 
needs [46]. Educating landscape professionals may be one way to affect fertilizer 
management of households who would otherwise be hard to reach since they are 
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not particularly interested in gardening. For those who are nevertheless inter-
ested in helping the environment, a tailored, eco-friendly service might be a po-
tential niche market for some of the independent companies.  

Since the use of P-free fertilizers seems to have little down-side for households 
with established lawns but P runoff from urban areas is a problem, and given the 
large number of fertilizer options available at home improvement and gardening 
supply stores, regulations limiting access to lawn fertilizers with P may be rea-
sonable. The default for households would thus change from a balanced fertilizer 
like 10-10-10 to one that only supplied nitrogen or nitrogen and potassium. At 
the very least, sellers could be encouraged to display P-free fertilizers more 
prominently so those who grab the first bag of fertilizer they see on the endcap, 
buy the product that is better for the environment.  
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