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Implications of Lawn Care and Landscape
Maintenance Firm Profiles for Adoption of
Pest-Management Practices
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ABSTRACT

Firm characteristics and managers’ attitudes and opinions about pesticide safety were used
to classify lawn care and landscape management firms into four categories and compare
them using the logit procedure. Survey data obtained from 223 firms was used in the
empirical investigation of the adoption of the IPM techniques. Results showed the need
for continued transfer of new technology to independently owned firms, multidisciplinary
assessment of IPM methods before their transfer to ascertain the economic viability of
proposed methods, public investment in programs training workers in knowledge-based
pesticide applications, possible assistance in obtaining capital, and investment in consumer

education.
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Increased plantings of ornamentals and grasses
have created the demand for maintenance ser-
vices provided by the lawn care and landscape
maintenance (LCLM) industry. The LCLM
services include the use of chemicals to con-
trol unwanted organisms on residential and
commercial properties. LCLM firms sell ser-
vices which must meet the expectations of
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their buyers. The appearance of lawns and
landscapes plays a vital role in fulfilling a
property owner’s LCLM demands. A reliable,
fast, and cost-effective service can be provid-
ed by choosing to use pesticides on a pre-
scribed schedule with additional treatments
when necessary. Such an approach assures an
LCLM firm of revenues and increases the po-
tential for contract renewals (future revenues),
satisfying the goal of profitability. A survey of
U.S. professional lawn care and landscape
maintenance firms found that the industry
spent an estimated $271 million for pesticides
in 1994 (SRI Consulting).

The supplier of LCLM services seldom has
control over the selection of plants in the land-
scape. The lack of homogeneity in a landscape
complicates pest-management decisions be-
cause various plants may require different
treatments (Braman). How LCLM firms arrive
at a final insect-control decision can be ad-
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dressed by understanding the firms’ goals and
objectives and their influence on firms’ behav-
ior demonstrated in the actual use of different
treatments.

The use of pesticides on residential and
commercial properties by the LCLM industry
has led to concerns about the health of the
public and the environment. To control both
lawn/landscape appearance and environmental
outcomes, LCLM firms may have to balance
the expectations of the customer and the use
of chemicals. About 60 percent of consumers
surveyed in the Pacific Northwest (Dunlap and
Beus) felt that the use of pesticides to protect
ornamental plants was not necessary. Alavanja
et al. reported that 37 percent of commercial
applicators indicated exposure to pesticides
while Gadon found that despite the use of
safety measures, some lawn care and tree ser-
vice workers were subject to pesticide poison-
ings. Zahm corroborated the link between der-
mal exposure and the occurrence of
non-Hodgkin’s lymphoma among pesticide
lawn applicators. Firms may also use alterna-
tives to agrichemicals providing LCLM pest
management services. Alternative input man-
agement systems in the LCLM industry are,
however, less developed and understood than
those in commercial production agriculture.

This study generates information needed
for policy design including efforts to enhance
LCLM firms’ knowledge of about the array of
pest-management practices which are acces-
sible and can be used by the industry. The
purpose of this paper is to explore the linkages
between firm objectives and use of pest-man-
agement practices. A firm’s objectives influ-
ence the selection of pest-management prac-
tices; therefore, we classify LCLM firms into
relatively homogenous groups according to
applied practices in order to derive the under-
lying goals and objectives for firms within
each group. Moreover, the study tests hypoth-
eses regarding the impacts on firm classifica-
tion of 1) firm economic characteristics and 2)
LCLM managers’ attitudes and opinions re-
garding the importance of pesticide safety.
Classification of LCLM firms is accomplished
by applying cluster analysis to survey data. A
multinomial logit model is used to test the re-
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lationship between firm classification and firm
characteristics and managerial attitudes and
opinions.

Knowledge about the link between LCLM
firm characteristics and pesticide management
provides guidance for the development of out-
reach programs which can effectively transfer
outcomes of research projects to their users.
Carefully targeted outreach programs are nec-
essary because the industry’s goals are not
identical with goals of individual firms, and
information needs are likely to vary across
firm classifications. By accounting for differ-
ences in pest-management practices, the tar-
geted information dissemination can close the
gap between firms relying mostly on chemi-
cals and firms applying an integrated approach
to lawn and landscape maintenance (EPA).
The advancement of knowledge across the
LCLM industry could involve the industry in
consumer education by promoting environ-
mentally sound practices and save the cost of
designing regulations and enforcement by en-
couraging self-regulation.

The health of the personnel providing
LCLM services, the buyers of the services,
and the general public enter into the decision-
making process and must be considered to un-
derstand and interpret firm behavior. Use of
alternative pest-management practices reflects
both firm and consumer objectives for reduced
environmental impact, while use of only
chemical-based pest-management practices
may indicate that consumers and firms are not
aware of or are unconcerned about impacts of
these practices. Classification of LCL.M firms
into categories which mirror the applied man-
agement practices permits the investigation of
the links between a firm’s characteristics and
its choice of pest-management practices.

Data Collection

A survey of landscape maintenance and lawn
care firms in the Atlanta, Georgia metro area
(AMA) was conducted in 1994, This area was
selected because of the high concentration of
commercial activity and high population den-
sity. The AMA was defined as the Atlanta Sta-
tistical Reporting District, which included 20
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counties. Mailing lists were collected from
professional associations of the LCLM indus-
try: the Professional Lawn Care Association
of America, the Metro Atlanta Lawn and Turf
Association, the Georgia Green Industry As-
sociation, and the Professional Grounds Man-
agement Society. County governments in all
20 counties were also contacted to obtain lists
of business licenses issued for landscape
maintenance and lawn care firms. Compiled
lists were based on the county government re-
cords using the Standard Industry Code (SIC).
However, some inconsistencies were found in
the use of SIC codes. Such inconsistencies
may have led to omission of some companies
relevant to the survey, but the developed list
was considered the best available alternative.
The population included all residential and
commercial LCLM firms, excluding those ser-
vicing golf courses and those servicing pri-
marily large utilities and right-of-ways. Golf
courses represent a special group of establish-
ments, often using in-house ground mainte-
nance crews.

The survey was sent to 1678 firms, of
which 350 returned usable questionnaires. The
survey requested information on firm charac-
teristics, services provided, major pest prob-
lems, pest-management practices, opinions on
the importance of various economic and en-
vironmental factors, information sources for
agrichemical management, adequacy of infor-
mation about agrichemicals, and agrichemical
applications. In general, the respondents were
representative of the population, suggesting
little concern about non-response bias. How-
ever, there was a slightly higher proportion of
larger firms in the sample than in the popu-
lation. This may have been due to non-re-
sponse by very small lawn mowing and trim-
ming firms who have little involvement with
pest management.

For the empirical analysis, 127 of the 350
LCLM firms were excluded because they do
not offer pest-management services. This re-
sulted in an adjusted sample size of 223 firms.

Classification of LCLM Firms

Cluster analysis has been used to classify Ne-
braska farms based on production practices
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(Bernhardt, Allen, and Helmers) and Ontario
pork producers based on farm size, structure,
and management and production practices
(Rosenberg and Turvey). Cluster analysis is a
statistical technique usetul for distinguishing
relatively homogeneous populations within a
larger set of observations based on the simi-
larity of attributes of observations. Basically,
clustering algorithms use some measure of
distance in attribute space to determine how
near observational units are to each other. Ob-
servations that are near to each other are
grouped and then the resulting clusters are
checked against other clusters to determine
whether further grouping will increase the pro-
portion of the variation in the data explained.
The cluster analysis in this paper follows the
procedures outlined in Romesburg.

The selection of variables for the cluster
analysis was guided by conceptual and empir-
ical considerations. Transferring the approach
used to classify farms into categories accord-
ing to the degree of the sustainability of ap-
plied practices, the LCLM firms can be clas-
sified given reported use of pest-management
practices. Consequently, a set of physical and
management practices known to be used by
the LCLM industry is the appropriate source
of variables to cluster analyze to reflect the
efforts of the firm to achieve desired profit-
ability and environmental objectives.

Hubbell et al., showed that pest-manage-
ment systems used by LCLM firms can be
classified along the continuum from conven-
tional methods of pest control to alternative,
IPM methods. The scale was based on 18 var-
iables representing chemical applications and
information sources identifying five pest-man-
agement factors. However, microeconomic
firm characteristics were excluded from that
analysis. Given the objectives of this study,
the clustering procedure used to classify firms
into groups is based on their pest-management
practices, while the development of the cluster
profiles includes both pest-management prac-
tices and microeconomic and management
characteristics. Firms with similar pest-man-
agement practices, reflecting the use of chem-
icals and alternative pest-management meth-
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Table 1. Percent of LCLM Firms Employing Pest-Management Practices

Percent of Sample

Employing
Management Practice Classification Practice
Customer Options:
IPM option Alternative 28
Organic option Alternative 15
Predetermined Use of:
Insecticides Conventional 19
Fungicides Conventional 24
Herbicides Conventional 63
Pesticide Treatment Criteria:
Predetermined schedule Conventional 36
Customer requests Conventional 53
Pests or damage present Alternative/Conventional 82
Monitoring pest populations Alternative 43
Monttoring beneficial insects Alternative 11
IPM Practices:
Scouting Alternative 73
Soaps and oils Alternative 33
Biological control agents Alternative 10
Chemicals only when necessary Alternative 85
Identify beneficial insects Alternative 21
Insect growth regulators Alternative 6
Insect traps Alternative 6
Information Sources:
Commercial sales representatives Conventional 68
Peers Conventional 38
Trade magazines Alternative 58
University or extension specialists Alternative 59

ods, can be located on a continuum from
conventional to IPM approach.

This study models LCLM firms’ use of
pest-management practices without the explicit
effort to identity the relative weights firms
place on achieving a specific objective. Rather,
the survey instrument was designed to collect
data on a number of issues, ranging from the
firm’s economic profile to types of chemicals
used, application methods, pest problems, per-
ception of important issues influencing the op-
eration of the firm, and characteristics of the
LCLM manager completing the questionnaire.
Therefore, goals are identified and measured in-
directly by the responses to questions in the
survey.

The observational unit for this analysis is the
firm. Attributes are pest-management practices.
These attributes are selected because they will

allow LCLM firms to be grouped into clusters
which can be used to test hypotheses concerning
firm demographic characteristics and the loca-
tion of firms on the pest-management scale.

Data was collected on 21 pest-management
practices. Of these practices, listed in Table 1
with the proportion of the sample adopting each,
13 are subjectively identified as being associated
with ‘alternative’ management. All of the pest-
management variables are binary, equal to one
if the practice is used and zero if not. Because
of the binary nature of the classification vari-
ables, it was not necessary to standardize the
variables as is generally done in cluster analysis
when variables are quantitative.

Cluster analysis requires the calculation of
both similarity between observations and clus-
tering of observations based on similarity. This
requires the analyst to choose both a similarity
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Table 2. Pest-Management Practices: Percent of Cluster Group Employing the Practice

Cluster Groups

“See and Low Tech, Full Integrated
Spray”  Low Input Service Pest
Managers Managers Managers Managers

Management Practice (44 Firms) (70 Firms) (22 Firms) (87 Firms)  p-Value®
Customer Options:

IPM option 18 1 59 47 .0000

Organic option 14 1 45 18 .0000
Predetermined Use of:

Insecticides 45 4 73 3 .0000

Fungicides 43 3 95 13 .0000

Herbicides 50 39 100 80 .0000

Pesticide Treatment Criteria:

Pests or damage present 84 67 95 89 0014

Monitoring pest populations 64 7 77 53 .0000

Monitoring beneficial insects 11 0 50 10 .0000

Customer requests 77 29 68 56 .0000

Predetermined schedule 55 20 95 24 .0000
IPM Practices:

Scouting 86 34 91 93 .0000

Soaps and oils 18 13 08 48 .0000

Biological control agents 9 3 14 15 NS

Chemicals only when necessary 73 83 95 90 .0338

Identify beneficial insects 9 1 64 31 .0000

Insect growth regulators 5 1 18 8 .0323

Insect traps 9 3 5 8 NS
Information Sources:

Commercial sales representatives 43 56 91 84 .0000

Trade magazines 36 39 86 77 .0000

University/extension specialists 50 39 82 75 .0000

Peers 25 9 45 67 .0000

* Probability of obtaining the chi-square test statistic for testing independence between cluster membership and the pest
management practice. P-values greater than 0.05 are listed as NS.

measure and a clustering algorithm. Based on
the binary nature of the classification variables,
the binary squared Euclidean distance is used as
the measure of similarity. Ward’s clustering al-
gorithm was used to cluster analyze the firms
(Romesburg). This algorithm minimizes the sum
of squared distances between firms within clus-
ters while maximizing the squared distance be-
tween clusters. This method provides clusters
which are very distinct between each other, with
member firms that are very similar to each other.

Results of Cluster Analysis

Application of Ward’s clustering algorithm re-
sulted in four distinct clusters based on 21 pest-

management practices. Following previous ap-
plications of cluster analysis, labels are
descriptive and intended to simplify the discus-
sion of the clusters. The four clusters in this
analysis are labeled “see and spray” managers;
low-tech low-input managers; full-service man-
agers; and integrated pest managers.

Table 2 shows the percent of each cluster
group employing the pest-management practices
used in clustering the firms. In addition, Table
2 lists the p-values associated with the chi-
square tests for independence between the clus-
tering variables and the cluster groups. All but
two of the clustering variables were significant,
indicating that the group of pest-management
practices were useful in delineating clusters.
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Cluster groups have been labeled based on the
dominant pest-management practices in the clus-
ter. Starting from the leftmost column, cluster
groups are ordered from highest reliance on con-
ventional pesticide applications on the left to
highest reliance on alternative pest management
on the right. The following sections provide
more elaborate descriptions of the clusters, tying
the cluster characteristics into the goal structure
outlined above.

“See and Spray’ Managers

These firms are characterized by high reliance
on customer requests and observed pest pop-
ulations for treatment decisions (Table 2). This
cluster also has a high proportion of firms us-
ing predetermined insecticide and fungicide
applications. This group does not utilize sourc-
es of information about pest control and most
members do not offer either an IPM or organic
pest-control option. With the exception of
scouting and use of chemicals only when nec-
essary,' firms in this cluster do not tend to use
IPM practices.

Firms in this cluster are largely indepen-
dently owned, have mainly residential ac-
counts, have sales less than $100,000 per year
and have low ecquipment value (Table 3).
Characteristics of this cluster suggest that the
goal structure of member firms is dominated
by the profit objective, and reflects the con-
sumer objective of appearance.

Low-Tech, Low-Input Managers

Firms in the low-tech, low-input cluster have
the lowest overall use of predetermined pes-
ticide applications. However, they also have
the lowest use of most IPM practices, and only
one percent of these firms offers either IPM
or organic pest-control options. The primary
pesticide treatment criterion for this group is
pests or damage present, and only 34 percent

' Note that “‘use of chemicals only when neces-
sary” is determined subjectively by the respondent,
rather than based on any objectively determined cri-
terion, such as an economic threshold. Thus a firm may
consider that when a customer asks for a spray, it is
“necessary’’ to make an application.
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of this group report using scouting, less than
half that of any other cluster (Table 2).

Firms in this cluster are largely indepen-
dently owned, have sales less than $100,000
per year, and have less experience than any
other cluster (Table 3). The primary sub-goals
dominating firms in this cluster appear to be
profit and health. Given the low sales and low
experience of firms in this cluster, the primary
factors used to achieve the profit objective are
likely to be ease of use and low costs.

Full-Service Managers

This cluster is characterized by a high per-
centage of firms using almost all of the pest-
management practices, both conventional and
alternative. This suggests that these firms are
customer driven, offering a wide range of ser-
vices to meet the differing needs of their cli-
ents. The firms in this group have the highest
percentage offering IPM or organic pest con-
trol (Table 2). However, this group also has
the highest percentage using predetermined
applications of insecticides, fungicides, and
herbicides. Likewise, a high percentage of this
group uses each of the pesticide treatment cri-
teria and IPM practices, with the exception of
insect traps.

Members of this cluster make use of all
information sources, with the dominant sourc-
es being commercial representatives, trade
magazines, and university or extension spe-
cialists. This group has the highest percentage
of corporate owned or franchise operations,
has sales mainly above $100,000, has high
equipment value, has the most experience and
the highest level of education of any cluster
(Table 3). The dominant objectives for firms
in this cluster appear to be profit and environ-
mental protection. Given the provision of both
conventional and alternative pest-management
service options, it is likely that pest-manage-
ment practices provided by these firms reflect
a derived demand by consumers with goals of
environmental quality or health protection, as
well as management attitudes concerning en-
vironmental protection.



Table 3. Cluster Group Characteristics?

Means of Variables by Cluster Group

“See and Low Tech, Full Integrated
Combined Spray™ Low Input Service Pest
Survey Variables Sample Managers Managers Managers Managers
Binary variables:®
Independently owned firm 82 94 90 67 75
Corporate owned or franchise ] 18 6 10 33 25
Sales <$100,000 51 65 67 27 38
Sales >$100,000 49 35 33 73 62
Equipment value <$25,000 45 62 55 40 32
Equipment value >$25,000 55 38 45 60 68
Provide services to inner metro counties 88 76 84 100 95
Provide services to suburban counties 46 44 43 53 47
Provide services to fringe counties 65 62 55 93 67
Continuous variables:
Percent residential sites 67 76 65 72 64
Percent commercial sites 33 24 35 28 36
Years in business 8.11 8.82 7.18 11.00 7.79
Years of education 12.08 11.44 11.86 13.40 12.26
Age 37.79 37.29 37.80 37.93 38.99
Categorical variables:©
Importance of impact of applied chemicals on water quality 431 4.44 4.10 3.93 4.47
Importance of safety of pesticides to the public 4.63 4.56 4.55 4.53 4.73
Importance of pesticide exposure to non-target organisms 4.35 4.47 4.10 4.67 4.40
Importance of resistance to pesticides 4.23 4.32 4.04 4.47 4.26

= Because of missing data on economic characteristics and opinions, cluster characteristics are based on sample sizes of 34, 49, 15, and 73 for the clusters from left to right,
respectively.

b Binary variable, percent of sample with characteristic is listed instead of the mean.

¢ Variable measured on an importance scale ranging from 1 = Not important to 5 = Very important.
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Integrated Pest Managers

This group has a high percentage of firms of-
fering IPM or organic pest control. In addition,
they have a low percentage using predeter-
mined insecticide or fungicide applications.
This group has a relatively high proportion us-
ing most of the IPM practices, with the ex-
ception of insect growth regulators and insect
traps (Table 2). Firms in this cluster use all
sources of information, including the highest
use of peer information of any cluster. Firms
in this cluster are largely independently
owned, have sales greater than $100,000 and
have high equipment value (Table 3). Firms in
this cluster are the most likely to have goal
structures heavily influenced by environmental
and health objectives.

With the exception of the low tech, low
input managers, all clusters had a high per-
centage of firms using predetermined appli-
cations of herbicides. This may reflect the less-
developed state of weed IPM. Firms may have
few alternatives to prophylactic herbicide ap-
plications. All clusters had a large percentage
of firms reporting that they use chemicals only
when necessary, even when a large percentage
also reported using predetermined applica-
tions. This may reflect an underlying attitude
that some predetermined pesticide applications
are necessary to ensure adequate pest control.

Relationships between Cluster
Membership and Characteristics of Firms
and Managers

Classification of LCLM firms into four rela-
tively homogenous groups based on pest con-
trol methods provides a basis for evaluating
the current status of the LCLM industry with
regard to adoption of desired practices. From
a policy standpoint and because of the need to
broaden the acceptance and use of more en-
vironmentally appropriate methods, it is help-
ful to identify those firm or manager charac-
teristics which are correlated with membership
in each of the four clusters identified in the
previous section.

A firm’s human and physical capital is like-
ly to influence the selection of methods used
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in providing LCLM services, and it is expect-
ed that IPM methods are management inten-
sive and require additional, specialized infor-
mation (Hall and Duncan). Factors such as the
experience, age, and educational attainment of
the firm operator, as well as the value of equip-
ment, indicate the firm’s accumulated capital.
The types of customers served and the geo-
graphical focus of the firm help identify the
relative importance of particular practices to a
firm because of the nature of services provid-
ed; i.e., residential customers in densely pop-
ulated areas may have different demands from
commercial customers or residential customers
in sparsely populated areas. The ability to of-
fer alternative services can be influenced by
the firm’s revenues; ‘alternative’ practices may
imply higher risk associated with the unde-
fined market size or the inability to guarantee
expected results. Generally, the larger the rev-
enue, the greater will be the ability and will-
ingness to offer alternative services. In addi-
tion, firm ownership can affect the ability to
offer alternative services. Corporate-owned
firms or franchise operations may have better
access to research on alternative practices than
independently owned firms, lessening the need
for costly investments in developing expertise
in providing quality alternative LCLM servic-
es.

Management attitudes and opinions may be
important in determining whether a firm will
offer alternative methods of pest control and
reflect the goals underlying the firm’s behav-
ior. Variables reflecting the relative importance
of environmental and health issues surround-
ing pesticide use are examined to account for
the relevance of the environmental and health
objectives of the LCLM firm.

A multinomial logit model was estimated
to explore the relationship between pest man-
agement cluster membership and firm charac-
teristics, The multinomial logit model esti-
mates the probability that a firm will be
classified into a given group as a function of
firm and manager characteristics. The form of
the multinomial logit probabilities are:

ehj-Xk

= =14
Eeﬁi—xk
b=1

k=1,...,N.

(M P
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Table 4. Results of Multinomial Logit Estimation®b¢
Cluster
Low Tech, Full Integrated
Low Input  Service Pest
Managers Managers Managers
Constant 2.94 —3.93 3.01
(2.12) (3.82) (2.21)
Independently owned firm —1.15 —-2.17 —-2.27
(1.02) (1.15) (0.96)
Sales <$100,000 0.47 —2.61 —0.78
(0.68) (1.31) (0.62)
Equipment value <$25,000 —0.66 1.31 -1.16
(0.62) (1.35) (0.60)
Provide services to fringe counties —0.34 3.36 -0.15
(0.53) (1.47) (0.52)
Years in business —0.03 0.00 —-0.07
(0.03) (0.03) (0.03)
Years of education —0.02 0.17 0.00
(0.05) (0.09) (0.05)
Importance of the impact of applied chemicals on water quality? —0.60 —-0.99 —0.29
(—0.38) (0.55) (0.39)
Importance of safety of pesticides to the public? 1.45 —1.62 1.49
(0.58) (1.17) (0.60)
Importance of pesticide exposure to non-target organisms! —1.06 1.59 —0.89
(0.47) 0.97) (0.48)
McFadden R-square 0.19

* Coefficients for ““See and Spray Managers” cluster normalized to zero.

b Standard errors are in parentheses.

¢ This table reports coefficients only for those variables for which at least one coefficient was significant. Complete

results are available from the authors,

¢ Importance variables measured on a scale trom 1 = not important to 5 = very important.

In equation (1), py is the probability that firm
k will be a member of cluster j, B; is the co-
efficient vector corresponding to the jth clus-
ter, and X, is the vector of explanatory vari-
ables for the kth firm. As discussed above,
firm characteristics included are firm owner-
ship; sales; equipment value; customer base;
and owner experience, age, and education. In
addition, four attitudinal variables measuring
the importance of water quality, public safety,
non-target organism safety, and pesticide re-
sistance to firm managers were included in the
model specifications.

Results of the multinomial logit estimation
are presented in Table 4. Overall, the model
correctly classified 59 percent of the firms.
However, the percentage of correctly classified
firms varies by cluster, with 40 percent correct
predictions for the full-service managers clus-

ter, 43 percent for the low-tech, low-input
managers cluster, 47 percent for the “‘see and
spray”’ managers cluster, and 79 percent for
the integrated pest managers cluster.

The multinomial logit estimation procedure
requires that the coefficient vector for one of
the clusters be normalized to zero for model
identification. The omitted cluster, the “see
and spray’” managers, serves as a benchmark
for comparisons with the remaining clusters.
Relative to the ‘“‘see and spray” managers
cluster, firm characteristics had no significant
impact on the probability of a firm being clas-
sified as a low-tech, low-input manager (Table
4). Independently owned firms and firms with
low sales had a significantly lower probability
of being classified as full-service managers.
Firms providing services to counties on the
fringe of the Atlanta metro area had a signif-
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icantly higher probability of being classified
as full-service managers. In addition, higher
education increased the probability of being
classified as a full-service manager.

Independent ownership and low equipment
value decreased the probability of being clas-
sified as an integrated pest manager. Younger
firms had a higher probability of being clas-
sified as integrated pest managers.

Three of the four attitudinal variables had
significant impacts on cluster membership (Ta-
ble 4). Importance of resistance to pesticides
had no significant impact on cluster member-
ship. Firms indicating a higher importance rat-
ing for the impact of pesticides on water qual-
ity were less likely to be classified as
full-service managers. Firms indicating a
higher importance rating for the safety of pes-
ticides to the public were more likely to be
low-tech, low-input managers or integrated
pest managers. However, firms indicating a
higher importance rating for pesticide expo-
sure to non-target organisms were less likely
to be classified as low-tech, low-input man-
agers or integrated pest managers.

Results regarding firm and manager char-
acteristics suggest that large, corporate-owned
or franchise LCLM firms are more likely to
be members of clusters that oftfer IPM and or-
ganic pest control methods. This may be due
to the ability of corporations to engage in re-
search programs or absorb risk associated with
adopting new techniques better than indepen-
dent operations. Firm size, as measured by the
value of sales, may reflect a greater customer
base that can support alternative pest-control
programs. Equipment value has a positive im-
pact on membership in the integrated pest
managers cluster, suggesting that firms may
have to make capital investments to be able to
offer alternative pest-management options to
clients.

Results suggest that the influence of atti-
tudinal variables was generally consistent with
the classification of firms. The importance of
water quality, public safety, and impacts on
non-target organisms reflects the goals of
LCLM firms and was included in the model
specification without any implied relative
rankings in terms of importance in decision-
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making. As expected, firms that indicated
safety of pesticides to the public is important
have a higher probability of being in a cluster
with low use of pesticides, i.e. low-tech, low-
input managers and integrated pest manage-
ment.

Implications

With the continuing growth in both the de-
mand for LCLM services and the accompa-
nying growth in pesticide use by LCLM firms,
public policy may address alternative LCLM
pest- control methods. As a part of public pol-
icy, the development of research and extension
programs to increase the availability of alter-
native LCLM services is necessary. The ef-
fectiveness of such programs will be improved
by identifying segments of the LCLM industry
currently providing alternative pest-control
methods and those relying on conventional
pesticide-based pest management.

Our goals for this analysis were (1) to de-
velop a classification of LCLM firms based on
the employment of chemical and non-chemical
pest-management practices and reflecting un-
derlying goals of firms and consumers, (2) to
explore the effects of firm economic and de-
mographic characteristics on firm classifica-
tion, and (3) to determine whether firm opin-
ions about the importance of pesticide safety
had impacts on firm classification. Using a
cluster analysis with 21 clustering variables,
we identified four distinct groups of firms,
ranging from highly conventional chemical in-
tensive firms to alternative, management-in-
tensive firms. Multinomial logit analysis re-
vealed that firm ownership, size, equipment
value, and years in business, as well as the age
and education of the owner/manager, were all
significant determinants of cluster member-
ship. Several implications stem from the re-
sults of this analysis. Their importance is sup-
ported by other observations based on survey
results and developments in research on alter-
native pest-management practices.

Independent operators require assistance
in adopting less chemical-dependent practices.
In the Atlanta metropolitan area, these firms
represent the largest portion of LCLM firms
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and outreach programs can, therefore, focus
on helping many firms to quickly broaden
their expertise and the array of services of-
fered to customers beyond the currently used
chemical pest management. For some firms,
this step would allow for transition to a full-
service company and possibly increase the
value of service sales above the $100,000
identified as the threshold level by the model.
Full-service firms tend to be the largest in
terms of sales value and are more likely to
reach a wider segment of the population than
any other class. These firms provide IPM and
organic options, but also provide traditional,
chemical-intensive pest-management options.

Continuous update of pest management
methods used by firms is highly desirable to
offset the knowledge gap between recent en-
trants and established firms. Age of firms mat-
ters in the adoption of IPM practices. Recent
entrants were more likely to be classified as
IPM users than firms which have been in busi-
ness for a number of years. This result is con-
sistent with expectations that the decision to
enter an industry or service sector is influ-
enced by the availability of new technologies
offering higher returns than the existing meth-
ods. It is also conceivable that recent entrants
were exposed to the benefits of new technol-
ogies and the shortcomings of traditional tech-
niques during their education, reinforcing the
use of new approaches to pest management.
However, the age of the respondent was not a
significant influence on pest management clas-
sification, while more educated managers
tended to work for firms classified as ““full-
service.” An alternative explanation is that
firms were able to stay in business longer be-
cause their use of chemicals guaranteed the
economic viability of the firm. The influence
of education, on the other hand, seems to be
related in this study to the need for manage-
ment skills encompassing various tasks and
not limited to the use of a single pest man-
agement practice.

Multidisciplinary assessment of new IPM
methods before their transfer will ensure eco-
nomic viability of firms. The emphasis on the
economic viability of the firm and the rela-
tively limited importance of education regard-
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ing the use of IPM practices suggests that with
the exception of firms already applying IPM
others need to be informed about them. Link-
ing decreased dependence on chemicals to
practical evidence of cost effectiveness of such
an approach is a necessary component of out-
reach programs. Because outreach is based on
research results, scientists developing and test-
ing alternative approaches must measure their
effectiveness in economic terms. Multidisci-
plinary teams which include agricultural econ-
omists will develop IPM techniques with
proven cost-effectiveness which can lead to
the tfaster adoption of tested methods. Eco-
nomic performance of LCLM firms will re-
main important and will determine the degree
of the industry’s confidence in new tech-
niques.

Public investment in improvement of
LCLM workers will encourage knowledge-
based reduced pesticide application. LCLM
firms are serious about the exposure of the
public or non- target organisms to pesticides.
This awareness had so far resulted in a signif-
icant number of firms choosing to use low-
input or IPM approaches. These approaches,
although both leading to lower chemical use,
represent very different attitudes. It appears
that low-input firms show great risk aversion
regarding consequences of pesticide applica-
tion, whereas IPM firms deliberately choose to
apply alternative techniques. Low-input firms
may be particularly interested in learning
sound IPM practices so as to recognize new
market opportunities for additional services.
Public investment in human capital develop-
ment in the LCLM industry can provide ben-
efits to the whole population.

Expanding human capital will involve
LCLM firms in the process of lowering the use
of pesticides, a goal pursued by government
agencies. Knowledge of reduced application
rates and changing patterns of chemical appli-
cations can readily be applied because it does
not require a wholesale abandonment of cur-
rent pest-management methods. Furthermore,
by working with the LCLM industry organi-
zations, the government may encourage effec-
tive and rapid dissemination of new tech-
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niques, self-regulation, and industry-led
consumer education.

Assistance in obtaining physical capital
will accelerate adoption of IPM techniques.
To accelerate the adoption of alternative pes-
ticide-management techniques a firm may re-
quire investment in physical capital. Given in-
dependent ownership, limited sales value, and
low equipment value, many LCLM firms may
have little opportunity to commit resources to
additional purchase of pest-management
equipment. These firms may need financial as-
sistance in purchasing or leasing equipment.
Incentive programs in the form of subsidies or
cost-sharing programs, successfully applied to
soil conservation and timber management,
may be necessary to increase adoption of IPM
by existing firms. Such approach received in-
ternational support regarding reduction of pes-
ticide use by farmers (OECD). Additional re-

-search identifying barriers to IPM adoption
and how to effectively encourage adoption of
alternative practices by LCLM firms is war-
ranted.

Consumers need to be educated about ben-
efits of alternative treatments. Increased use of
IPM methods creates the potential to lower use
of chemicals, but the final outcome depends
on local growing conditions and consumer de-
mand. In the southeastern United States, the
long growing season, coupled with high rela-
tive temperatures and humidity, presents a
challenge for LCLM service providers. Fur-
thermore, because the evaluation of service
quality is highly subjective and dependent on
customer perception of lawn or landscape ap-
pearance, education of the public about the
broader benefits of the IPM approach is need-
ed. Over 30 percent of LCLLM firms use cus-
tomer requests as a criterion for making chem-
ical treatment decisions, indicating that there
is a good opportunity for reducing LCLM
chemical use through consumer education
about IPM and organic pest-control alterna-
tives. Also, education of consumers regarding
the limited benefits of predetermined chemical
applications may enhance the demand for IPM
based services. The specific content of the
message aimed at the public and the medium
for communicating it may be selected by
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LCLM firms in cooperation with researchers
and extension specialists and may vary from
region to region, emphasizing specific climatic
or ecological conditions. In addition to re-
questing chemical treatments, LCLM service
consumers can also reduce the off-site impacts
of lawn chemical use through proper manage-
ment of lawn clippings, i.e., on-site compost-
ing or mulching. This may help to prevent
large-scale leaching of chemicals from munic-
ipal waste sites.

Future studies may address the relation be-
tween adoption of the IPM approach and prof-
itability in the LCLM industry. An especially
important set of empirical questions concerns
the way IPM alters profitability and how pro-
viding IPM affects the market share of LCLM
firms. If there is a public demand for IPM ser-
vices, then firms may be able to increase prof-
its or market share by offering IPM. Also im-
portant is the determination of the extent to
which changing public attitudes and percep-
tions of lawn and landscape appearance and
health can lead to substitution of biological for
chemical pest controls. Public education on
the benefits of an IPM approach may increase
consumer demand for IPM and thus encourage
LCLM firms to supply IPM services. The ac-
ceptance by firms and consumers of the ex-
plicit costs associated with changing pest-con-
trol methods and the implicit costs in the form
of altered landscape appearance will in part
determine the speed of IPM adoption in the
LCLM industry.
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