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I. Introduction 

Throughout the course of agricultural history, humans have found ways to cope with pest 

damage.  Some of the earliest forms of controls consisted of manipulating natural interactions 

between pests and beneficial organisms that predate or parasitize the pest.  This manipulation is 

known as biological control, and the beneficial organisms, usually insects, are known as natural 

enemies of the pest.  The earliest known use of biological control dates back to about 300 BC.  

Growers in ancient China used Oecophylla smaragdena, an ant species, to control caterpillars in 

citrus groves.  They moved the ants’ nests from wild trees into their groves and used bamboo to 

connect the nests with trees (Hajek, 2004). 

 By the 1800s, pest control evolved to include the introduction of substances toxic or 

repelling to pests.  Some of these substances included red pepper, sulfur, tobacco, and quick 

lime.  As the chemical industry grew during the first half of the twentieth century, synthetic 

pesticides were developed, including the now infamous dichlorodiphenyltrichloroethane (DDT) 

in 1939 as well as organophosphates and methyl carbamates.  However, the negative effects of 

these chemical controls soon became apparent as secondary pest outbreaks became common, and 

non-target organisms were affected (Smith and Kennedy, 2002). 

The concept of integrated pest management (IPM) emerged in the 1960s.  This system of 

pest management considers the farm to be an agroecosystem and emphasizes the use of cultural 

and biological control when technically and economically feasible.  While many university 

extension programs emphasize IPM, adoption has been slow, and chemical control is still the 

primary method of pest control in much of the United States (Smith and Kennedy, 2002).  

Current conventional pesticide use today lowers the populations of natural enemies on 

treated fields relative to fields not treated with conventional pesticides (Bengtsson et al., 2005; 
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Letourneau and Goldstein, 2001; Schmidt et al., 2005).  While studies have been done at the field 

level, to the best of my knowledge, no work has examined the effect of conventional pesticide 

use on landscape levels of natural enemies.  If landscape-level effects are the same as field-level 

effects, growers who would like to use IPM or organic practices in areas with high conventional 

pesticide use will have a difficult time doing so.   

The use of IPM practices is fairly common among citrus growers (UCCE, 2003) and 

there are also almost 200 organic citrus growers in California (CCOF, 2009).  Both types of 

growers could rely on biological control for control of several pests, discussed further in the next 

section, if enough beneficial insects are present.  However, the use of conventional pesticides by 

other citrus growers and neighboring producers of other crops may hamper this use.  This paper 

investigates this externality. 

Specifically, this paper tests three hypotheses related to beneficial insect prevalence and 

use in the California citrus industry.  First, I test the hypothesis that citrus groves in areas with 

higher levels of conventional pesticide use are less likely to have detectable beneficial insect 

populations than groves in areas with less conventional pesticide use.  This will occur if the 

range of beneficial insect populations is larger than an individual grove, in which case, use of 

pesticides on one grove will affect all other groves included in the same population range.  

Second, I test the hypothesis that, for a given level of pest pressure, growers in areas with higher 

levels of conventional pesticide use are more likely to apply pesticides to treat pest populations 

than growers in other areas.  This spatial correlation could be due to three factors: shared 

information sources, a tendency on the part of growers to use controls others in the area use (peer 

effects), and/or less natural control by natural enemies, necessitating chemical control.  Finally, I 

test the hypothesis that, for a given level of pest pressure, growers in areas with higher levels of 
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conventional pesticide use will use chemical programs that are less compatible with an integrated 

pest management program.  Such behavior will occur for the same reasons that are given for the 

previous hypothesis.    

 

II. California Citrus Pest Control 

There are four main citrus growing regions in California: the San Joaquin Valley, the Coastal-

Intermediate Region (Santa Barbara County to the San Diego-Mexican border), the Interior 

Region (western Riverside and San Bernadino Counties, and inland areas of San Diego, Los 

Angeles, and Orange Counties), and the Desert Region (Coachella and Imperial Valleys) 

(UCCE, 2003).   

Natural enemies can adequately control four major citrus pests, barring severe pest 

outbreaks.  Aphytis melinus, a parasitic wasp, lays its eggs in the California red scale, a primary 

citrus pest in the San Joaquin Valley, the Coastal-Intermediate Region, and the Interior Region.1  

When the wasp’s eggs hatch, the larvae eat the scale, and the scale dies.  The wasp is produced 

by commercial insectaries and can be purchased and released by growers to control the 

California red scale.  However, carbaryl (Sevin), chlorpyrifos (Lorsban), and methidation 

(Supracide), pesticides used to treat red scale and a variety of other citrus pests, and acetamiprid 

(Assail), cyfluthrin (Baythroid), and fenpropathrin (Danitol), pesticides used to treat citrus pests 

other than red scale, are toxic to the wasp (UC IPM, 2008; Grafton-Cardwell, 2010).   All of 

these pesticides are also used on non-citrus crops (CDPR PUR, 2004-2009), and Aphytis melinus 

also provides control of pests of non-citrus crops.  

A predatory mite, Euseius tularensis, provides control of both citrus red mite, a primary 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 A primary pest is one that causes economically significant damage in most years, while a 
secondary pest is one that only sporadically reaches economic significance. 
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pest in the San Joaquin Valley and the Interior Region and a secondary pest in the Desert Region, 

and citrus thrips, a primary pest in all of California’s growing regions.  Unlike Aphytis melinus, 

Euseius tularensis is not commercially available, but it can be collected from fields and released 

in other fields (Weeden et al., 2007).  The predacious mite is susceptible to four pesticides used 

to treat citrus pests.  Cyfluthrin (Baythroid) and fenpropathrin (Danitol) are used primarily for 

thrips control.  Dimethoate and formetanate hydrochloride (Carzol) are used to treat thrips as 

well as a variety of other citrus pests (UC IPM, 2009a).  Like the pesticides that are toxic to 

Aphytis melinus, all of the pesticides that are toxic to Euseius tularensis are also used on a 

variety of non-citrus crops, and Euseius tularensis predates pests of non-citrus crops as well.  

Perhaps the most interesting citrus pest natural enemy is Rodolia cardinalis, commonly 

known as the vedalia beetle.  In the late 1800s, the cottony cushion scale, an invasive citrus pest, 

threatened to eliminate the entire California citrus industry.  Entomologists went to Australia, the 

origin of the cottony cushion scale, to find its natural enemies.  In the winter of 1888-1889, the 

vedalia beetle was brought back to California and released, and by the fall of 1889, the cottony 

cushion scale was under full control by the beetle in the areas of release.  The beetle spread 

throughout the citrus growing regions and provided complete control of the cottony cushion 

scale until recent years when several pests proved toxic to the beetle, including cyfluthrin, 

fenpropathrin, acetamiprid, imidacloprid, and buprofezin (Applaud) and pyriproxifen (Esteem), 

new insect growth regulators used for red scale control (Grafton-Cardwell, 2005, UC IPM, 

2009b).  The only effective pesticides available to treat the cottony cushion scale are 

conventional organophosphates (UCCE, 2003), so organic growers and conventional growers 

following an integrated pest management program are dependent on control by the beetle.  

However, the use of high-risk pesticides on neighboring fields results in beetle population kill-
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offs not only on the treated field but also on the adjacent fields, most likely due to the highly 

mobile nature of the beetle (Weeden et al., 2007).  Currently, vedalia beetles are not 

commercially available, so organic or IPM-based growers facing diminished beetle populations 

must either suffer crop damage from the scale or seek out beetles on other farms in unaffected 

areas to collect and release in their own fields (Weeden et al., 2007).  Non-citrus growers also 

apply pesticides that are toxic to the beetle, but the beetle only predates the cottony cushion 

scale, a pest of only citrus and olives.  

 

III. Literature Review 

Several papers have addressed the issue of pesticide choice in the presence of 

externalities and on-farm negative effects.  Two such papers focus on theoretical modeling, with 

one considering off-farm externalities, and one considering on-farm negative effects of pesticide 

use.  Two papers use empirical models, and again, one considers off-farm externalities while the 

other considers on-farm negative effects of pesticide use.  In the first category, Reichelderfer and 

Bender (1979) consider the effect of pest control both on and off the farm of interest.  They 

model the privately and socially optimal choices of one soybean grower who can choose between 

chemical control and biological control of the Mexican bean beetle.  They assume that the 

grower maximizes profit without considering the externalities of his choice of control method.  

In contrast, the socially optimal decision includes externalities associated with chemical and 

biological control.  For chemical control, the authors use the estimated per acre effect of 

insecticide use in 1974 on honeybees as a lower bound on all environmental externalities that 

chemical control could cause.  For biological control, they include the cost of using public 

resources to rear natural enemies on cropland donated by participating growers.  They find that 
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biological control results in a higher level of social welfare.  While their model considers the 

choice between two types of pest control and includes some of the environmental and other 

social externalities of each type of pest control, it does not include the externalities regarding the 

costs and benefits of pest control that are imposed on neighboring growers. 

Harper and Zilberman (1989) ignore off-farm effects and focus on negative effects 

induced by pest control within one farm. They model a farm that faces a primary pest and a 

secondary pest.  There is one input that both increases potential yield and the primary pest 

population; this input might be something like irrigation water.  Control of the primary pest 

involves broad-spectrum pesticides that kill natural predators of the secondary pest.  This leads 

to an increase in the secondary pest population and an increased need for control of this 

secondary pest. 

They determine that reduced use of the non-pesticide input can be optimal because, while 

the input improves potential yield, using less of it reduces damage from pests and avoids the cost 

of the input.  They also determine that decreasing control of the primary pest may be optimal 

since doing so reduces the need for control of the secondary pest and also avoids the cost of the 

primary pesticide.  Their model does not allow for alternative pest control methods.  

Goodhue, Klonksy, and Mohapatra (2010) and Hubbell and Carlson (1998) empirically 

analyze pesticide choices.  Hubbell and Carlson (1998) look at insecticide product and rate 

choices by apple growers in the United States, using a two-stage model.  In the first stage, they 

estimate a random utility model of the choice of insecticide, and in the second, they estimate an 

application rate model.  They assume growers receive utility from apple production profits as 

well as from avoiding exposure to environmental contamination from insecticides.  Shorter soil 

half-lives, lower mammalian toxicity, and higher efficacy against the target pest increase the 
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probability that an insecticide is selected.  They find that beneficial insect use is associated with 

selection of pesticides that are less toxic to beneficial insects.  While they consider the 

environmental effects of pesticides, they do not consider how the use of conventional pesticides 

or natural enemies at the landscape level influences the grower’s decision. 

 Goodhue, Klonsky, and Mohapatra (2010) estimate the effect of a program geared 

towards lowering organophosphate (OP) use in California almond orchards in an effort to reduce 

surface water contamination resulting from OP runoff.  They use a two-step estimation procedure 

to first determine the factors that affect whether or not a grower applies any OPs in a given 

growing season, and then, conditional on having applied at least one application, to estimate the 

percent of almond acreage to which OPs are applied (the “intensity” of use).  They find that the 

program reduced the likelihood of growers applying OPs and may have decreased the intensity 

of OP use.  They also find that pesticide prices, orchard size, almond inventories, weather 

variables, region, and the quantity of last year’s rejected almonds are significant determinants of 

OP use and intensity.  While their paper considers dis-adoption of negative externality-

generating pesticides, it does not take into account the use of beneficial insects by almond 

growers, nor does it consider the effect of neighboring growers’ decisions on the modeled 

grower’s decision. 

 This paper contributes to the existing literature by including the effects of other growers’ 

actions in the grower’s decision-making process.  By studying this interaction, I can determine if 

convention pesticide use negatively effects the use beneficial insects both directly and through 

the effect of the grower’s decisions on his neighbors’ decisions.  Additionally, I can determine 

whether pest control generates positive externalities for neighboring growers. 
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IV. Data 

This paper uses three main sets of data: survey data, Pesticide Use Reporting data from the 

California Department of Pesticide Regulation, and pest data from the University of California 

Integrated Pest Management Program. 

 

IV.a. Survey Data 

To gather information on chemical pest control applications, natural enemy releases, the 

presence or absence of natural enemies, cultural control methods, and grower characteristics, I 

conducted a mail survey of California citrus growers in the spring of 2010.  I obtained citrus 

grower addresses from eighteen county agricultural commissioner’s offices (county’s percentage 

of total California citrus acreage in parentheses): Butte (0.1%), Fresno (13.7%), Glenn (0.1%), 

Imperial (2.1%), Kern (22.2%), Kings (0.1%), Los Angeles (0.1%), Madera (1.8%), Orange 

(0.2%), Riverside (8.2%), San Bernadino (0.9%), San Diego (5.6%), San Joaquin (<0.1%), San 

Luis Obispo (0.7%), Santa Barbara (0.6%), Stanislaus (0.2%), Tulare (32.8%), and Ventura 

(10.0%) counties.  These counties contain 99.1% of California citrus acreage (USDA, 2007b).   

 All questions pertain to the 2009 pre-bloom to harvest season.  The survey asks growers 

for their citrus acreage as well as acreage of vegetables, other fruits, nuts, livestock, and “other” 

crops.  Growers with smaller field sizes will likely be more affected by neighboring growers’ 

actions since their boundary to area ratio will likely be smaller than growers with larger field 

sizes.  Growers with small acreage will tend to fall into the former category, while growers with 

larger acreage could fall into either category.2 

The survey then asks about the presence or absence of citrus red scale, cottony cushion 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Field shape will also affect the boundary to area ratio, but I do not have data on respondents’ 
field shapes.	  
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scale, citrus red mite, and citrus thrips and whether or not any insecticides were applied to 

control the pests, if the pests were present.  Following the section on pests, the survey asks about 

the presence of the vedalia beetle, Aphytis melinus, and Euseius tularensis during the 2009 

growing season. 

 The next section of the survey asks about the use of cultural control methods, sources of 

pest control information, and prices received.  Cultural controls may be a substitute for chemical 

controls of certain pests, and some cultural controls also help to support natural enemy 

populations.  Prices received provide an indicator of fruit quality since packing houses, the main 

outlet for citrus in California, price citrus based on its quality.  Unfortunately, 123 growers chose 

to leave this section blank, and many who did report prices reported units that were too vague to 

provide useful information.3  The survey also asks how much of their citrus crop was sold to 

various outlets.  This is, in part, also an indicator of quality.  Citrus sold to processors is 

generally of lower quality than citrus sold as fresh fruit.  About 97% of respondents answered 

this question.   

The next section asks about the grower’s gender, ethnic background, education, age, 

experience, and the share of agricultural and citrus production in the household’s income.  For 

growers whose acreage includes organic citrus, there are additional questions about when the 

grower first received organic certification, what the share of organic output they expect to sell at 

an organic price premium is, and whether or not they expect to continue their organic 

certification.  Finally, this section asks growers to rate the importance of various factors, such an 

environmental sustainability, consumer health, and price premiums, in their decisions to farm 

organically. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Example included listing price per box or price per carton instead of listing price per x lb. box 
or carton, and a wide variety of box and carton sizes are used.  
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 The survey was mailed on March 18, 2010 to 3,959 growers, and a reminder postcard 

was mailed on April 15, 2010.  Of this number, 348 surveys and an additional 28 postcards were 

undeliverable.4  Table 1 lists the postal service’s reasons for why they were not deliverable.  

Another 88 surveys were mailed to people who responded that they did not produce citrus, no 

longer produced citrus, were in the citrus industry but had no acreage, or had less than an acre of 

citrus production for personal use.  Additionally, information for 15 growers was included on 

other forms by farm managers who consolidated all managed acreage onto one survey form.  

Given the above, 3,480 surveys were mailed to individuals who presumably had citrus 

production in 2009 and could have responded.  Of these, 429 growers did respond by June 3, 

2010, resulting in a 12.3% response rate. 

Tables 2 through 8 report survey responses.  Tables 2 and 3 provide summary statistics 

for citrus acreage while Table 4 reports production outlets.  Tables 5 through 7 summarize pest 

and natural enemy presence as well as pesticide applications.  Finally, Table 8 summarizes 

grower characteristics.   

Oranges make up the vast majority of citrus acreage among respondents, accounting for 

about 20,000 acres (Table 2).  Lemons, mandarins, and grapefruits are third, fourth, and fifth, 

respectively.  The majority of “other” citrus were limes and blood oranges.  The USDA’s 2007 

Census of Agriculture reports 7,358 citrus farms covering 303,101 acres in California, and 6,925 

citrus farms covering 300,310 acres in the counties included in this survey (USDA, 2007a, 

USDA, 2007b).  The respondents represent about 11.6% of the acreage reported by the census 

for the surveyed counties.  Table 2 reports the percent of acreage reported by respondents that 

contains each variety, 2007 Census of Agricultural percent of acreage by variety, and the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 Additional postcards were returned for addresses for which the surveys were also returned after 
the postcard mailing, but these are not included here to avoid counting these addresses twice. 
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USDA’s 2008 Citrus Acreage Survey percent of acreage by variety to compare how 

representative of varietal acreage the crops grown by respondents are.  Neither the census nor the 

citrus acreage survey reports conventional and organic acreage separately, so the percentages 

listed in the table contain both conventional and organic acreage.  Orange acreage is slightly 

underrepresented by respondents, while lemons, mandarins, tangelos, and “other” are slightly 

higher than the census estimates.  However, comparing 2007 and 2008 citrus acreage by crop 

suggests that there might be a trend of placing orange trees with mandarins.  Since oranges tend 

to be a lower valued crop than other types of citrus, underrepresentation of orange production 

among my respondents may imply that my respondents are more likely to apply pest control than 

a more representative group of growers. 

Table 3 reports the breakdown of respondents by total citrus acres and compares 

respondents to the growers in the 2007 census.  The size distribution of respondents’ operations 

appears to be fairly representative of California citrus growers.  

The majority of growers sell their fruit to packers and shippers (Table 4a).  Farmers’ 

markets and fruit stands, processors, and “other” are predominantly outlets for smaller growers 

(Table 4b).  The “other” category includes respondents who sold to restaurants and school 

programs and who sold their fruit on-site through u-pick or on-site stores. 

Table 5 summarizes the responses pertaining to pest presence and corresponding 

pesticide applications.  The most common pest among respondents was citrus thrips, with just 

over half reporting the pest present, followed by red scale, with just under half reporting the pest 

present.   The numbers here may underestimate the actual presence of pests.  Small “hobby” 

growers with groves of 10 acres or less make up 53% of the respondents.  The responses of many 

of these growers suggested that they did not really know which insects, pest or beneficial, were 
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present in their fields.5  Fortunately, the responses of these smaller growers should not bias my 

results significantly.  Respondents were given the option of indicating that they did not know if a 

particular natural enemy was present, and the models of pesticide application decisions are 

estimated conditional on growers knowing that the pest was present.  These two facets will 

eliminate most growers who did not know what insects were on their fields.  Furthermore, 

comparisons of farm size between respondents and all California citrus growers indicate that 

small growers are not overrepresented by my respondents. 

Table 6 summarizes the presence of the natural enemies.  Interestingly, the vedalia beetle 

is the most common natural enemy naturally occurring on respondents’ fields, even though the 

cottony cushion scale, the beetle’s only food source, is the least common pest.  This is consistent 

with the possibility that more growers have cottony cushion scale present, but the vedalia beetle 

keeps it below economic thresholds.  

Table 7 summarizes the augmentative releases of respondents.  Over 10% of respondents 

augmented their natural enemy populations.  Releases of Aphytis melinus and  Cryptolaemus 

montrouzieri (mealy bug destroyer) are most common.  Releases of “other” include decollate 

snails, gopher snakes, green lacewings, chickens, ducks, gecko lizards, owls, and ladybugs.  

Table 8 presents summary statistics of grower characteristics.  The majority of 

respondents were white males with college degrees.  The average age of respondents is 64 years, 

and average farming experience is almost 26 years.  For most growers, citrus production is less 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 One grower who responded that no pests were present wrote in the comment section, “My 
lemons don't get much of my attention due to the difficulties of having a small farm picked.  The 
crew may not show up for months and I lose my quality waiting.”  Another grower who reported 
no pests present wrote, “I have my oranges sprayed every other year with Applaud.  A 
professional sprayer uses the required recommended amount for my acreage.  Nothing else is 
used.  I'm sure there is/are various kinds of insects but Applaud seems to keep them under 
control.” 
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than half of their household’s income.  The majority of growers consider crop consultants or pest 

control advisors to be their primary source of pest control information.  Information sources in 

the “other” category include insectaries, growers’ own experience, web research, packinghouse 

information, and entomologists.  

 
IV.b.  Pesticide Use Reporting Data 

Since my respondents’ pesticide use does not capture all pesticide use in the major citrus 

growing regions, for some models, I supplement my survey data with data from the California 

Department of Pesticide Regulation’s Pesticide Use Reporting (PUR) data.  I use pounds of 

active ingredient applied per 100,000 acres of county land area (agricultural and non-agricultural 

land area) for the 18 counties in my survey, and I construct these measures for 11 pesticides that 

are toxic to the natural enemies of interest from 2004 through 2008.  The respondents’ pesticide 

application rates suggest that many, although not all, growers apply the recommended or label 

rates of pesticides.  As a result, these county-level pesticide use variables will measure a 

combination of application rates and the total county area on which the pesticide was applied. 

Since all of the 11 pesticides are used both on citrus and non-citrus fields, I construct these 

variables for citrus and non-citrus use.  Ideally, I would include surrounding pesticide use on a 

smaller and more consistent spatial scale than the county, but the pesticide use data are best 

matched to respondents by county.  Additionally, the construction of these variables implicitly 

assumes that pesticide use is uniformly distributed across counties, which may not be the case.  

As a result of this assumption, I may not capture all external effects. 

The 2009 pesticide use data will be endogenous to my survey respondents’ pesticide use 

and the presence of pests and beneficial insects if the insects and pest control undertaken on the 

respondents’ fields affect pest control on non-respondents’ fields.  Consequently, I use 2008 
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PUR data and an average of 2004 to 2008 PUR data.  Regressions of pesticide use in time t on 

use in time t-1 indicate that 2008 is a very good predictor of 2009 use.  For most pesticides and 

time periods, the R2 from the regressions was 0.9 or higher with coefficient estimates centered 

around 1.  Table 9 shows pesticide use data for citrus and non-citrus fields. 

 

IV.c. Pest Data 

The last set of data regards pest pressure.  To estimate pest pressure, I use the University of 

California Integrated Pest Management’s degree-day calculators.  For weather stations 

throughout the survey regions, I used the calculators to estimate three sets of degree-days from 

February 25 to October 26, dates used by the Kearney Agricultural Center.  I construct degree-

days for 2009 and average degree-days for 2004 to 2009.  The first degree-day variable is the 

number of degree-days above 53oF, the threshold for red scale development (UC IPM, 2008a).  

This variable will also be used to control for cottony cushion scale pest pressure because cottony 

cushion scale thresholds are not available.  The second is the number of degree-days between 

49.5oF and 86oF, the range in which Aphytis melinus develops (UC IPM, 2003).  The third 

calculation is the number of degree-days above 58oF, the lower threshold for citrus thrips 

development (UC IPM, 2009).  For each survey respondent, I determine the closest weather 

station and use the corresponding degree-day variables from that station.  Forty weather stations 

are used in total.  About 41% of respondents have addresses associated with towns with their 

own weather station.  Table 10 shows the weather station summary statistics for the degree-days 

data, weighted by the station’s frequency of use among respondents. 
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V. Empirical Models and Results 

I examine pest control decisions involving the two most commonly found natural enemies 

among respondents, the vedalia beetle and Aphytis melinus, and the two most commonly found 

pests among respondents, red scale and thrips.  Figure 1 outlines the grower’s pest control 

decision-making process for a particular pest and indicates the three components of the decision-

making process that I analyze.  Figures 2 through 4 outline the models used for each node of 

Figure 1.  Table 12a lists the variables used in the models and lists the hypothesized effect of 

each variable for each set of models in which it is used.  Table 12b summarizes the results.  Here, 

I will discuss the decision-making process and the general model predictions.  Sections V.a-c 

will discuss each set of models and their results in detail. 

For each step in the decision-making process, I am interested in the effects of 

neighboring growers’ actions on the decision or dependent variable.  I measure these effects 

using two methods.  In the first method, I implicitly control for spatial effects using aggregated 

county-level pesticide use per 100,000 acres of county land, and, in the second, I explicitly 

control for spatial effects using spatial lag and error models.  From a statistical viewpoint, the 

spatial lag and error models are preferred over accounting for spatial effects at the county level, 

but the explicitly spatial method cannot separate the effects of pesticide use from other spatial 

correlations.  Consequently, I use both methods.  The significance of the coefficients on the 

county-level variables and the significance of spatial correlation in the spatial lag and error 

models suggest that positive and negative externalities exist among growers.   

In the pest control decision-making process, the grower first must assess whether or not 
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the pest is present.6  If it is not present, the process for that particular pest stops.  If it is present, 

the grower will likely assess whether or not the corresponding natural enemy is present.  In 

Section V.a., I model the probability of a given natural enemy’s presence and test for 

externalities generated by neighboring growers’ pest control decisions and natural enemy 

populations.  Three sets of factors will affect whether or not the natural enemy is present, and 

these include pesticide use, climatic factors, and habitat factors.   

First, I hypothesize that the use of pesticides that are toxic to natural enemies will 

decrease the probability of the natural enemy’s presence.  Grower i’s use of these pesticides and 

pesticide use in the surrounding area are predicted to decrease the probability of finding that 

natural enemy on grower i’s fields.  To measure surrounding pesticide use, I will use county-

level pesticide use.  Admittedly, this is an imperfect measure of “surrounding” use since county 

size varies and can be quite large relative to the size of growers.  Nonetheless, it is the best 

available measure.   

Second, weather and climate factors will influence the presence of the natural enemy.  

Pest degree-days are predicted to increase the probability that the natural enemy is present 

because it indicates a larger food or egg-host source for the natural enemy.  Similarly, natural 

enemy degree-days should increase the probability that the natural enemy is present since this 

variable indicates the amount of time for which the temperature is conducive to natural enemy 

development.  

Third, habitat factors will affect the presence of the natural enemy.  Holding pest 

management practices constant, total citrus acreage will likely increase the probability that the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  The economic threshold for applying pest control will be discussed as part of the third step in 
the decision-making process.	  
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natural enemy is present since it indicates a larger habitat for the natural enemy.7  Also holding 

pest management practices constant, total crop acres, including citrus and non-citrus may or may 

not be associated with an increased probability of having the natural enemy present.  If the 

natural enemy predates or parasitizes both citrus and non-citrus pests, as is the case for Aphytis 

melinus and Euseius tularensis, an increase in crop acreage, regardless of the crop, may increase 

habitat and food or egg-host sources for the natural enemy.  On the other hand, an increase in 

total acreage might indicate that citrus is more spread out throughout the grower’s property, 

fragmenting habitat for the natural enemy. Organic production will likely be associated with a 

higher probability of having the natural enemy present since such production often includes the 

provision of habitat and resources for beneficial insects.  In this analysis, the presence of two 

cultural controls associated with IPM, hedgerows and cover crops, are included since these can 

provide habitat and resources for natural enemies.  I predict that the presence of these cultural 

controls will increase the probability of having the natural enemy present.  Finally, the models 

include dummy variables for the type of citrus grown.  The type of citrus grown could create an 

environment more or less suitable for the natural enemy, resulting in a positive or negative 

effect. 

In the second state of the decision-making process, given the knowledge of the presence 

or absence of a natural enemy population, the grower chooses whether or not to apply a 

pesticide, if the pest is present.  In Section V.b, I model the probability that a grower applies a 

pesticide, given the presence of the pest, and, again, I test for externalities generated by 

neighboring growers.  Six sets of variables will affect whether or not grower i applies a pesticide, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 This hypothesis assumes that a given grower’s fields are contiguous or, at a minimum, located 
close to one another.  For some respondents, this is the case, while for others, fields are scattered 
over multiple zip codes. 
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including pest control, weather and climate, habitat factors, economic factors, information 

sources, and grower characteristics. 

First, I hypothesize that county-level use of pesticides that are toxic to natural enemies 

will increase the probability that grower i applies a pesticide to treat the pest since (s)he will 

have fewer natural enemies to provide natural pest control.  Growers who actively make use of 

the natural enemy population should also be less likely to apply a pesticide.   

Second, weather and climate will again be important.  Pest degree-days indicate increased 

pest pressure, so this variable should be associated with an increased probability of an 

application.  Conversely, natural enemy degree-days indicate a potentially larger natural enemy 

population that could decrease the probability of a pesticide application. 

Third, habitat factors will affect decisions, and these are entangled with economic factors. 

The effects of citrus acreage and total acreage are theoretically ambiguous.  Larger growers may 

be able to support larger population of natural enemies, decreasing the need for pesticide 

applications, but they may also support larger populations of pests, increasing the need for 

pesticide applications.  Additionally, there may exist economies of scale that make applications 

less expensive per acre for larger growers, increasing the likelihood that larger growers will 

apply a pesticide.  The effect of citrus crop type is ambiguous as well; crops that receive a higher 

price are more likely to receive a pesticide application, but pest pressure may also vary by crop.  

Growers with no commercial output or growers selling to processors are predicted to be less 

likely to apply pesticides since these growers receive a zero or a low price for their output, 

respectively.  The effects of production outlets like farmers markets’ or sales on-site have no 

predicted sign.  Organic growers may be less likely to apply a pesticide than conventional 

growers due to lower efficacy, increased cost, or both associated with organic pesticides relative 
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to conventional pesticides. 

Fifth, the sources upon which growers rely for pest control information will affect their 

decisions.  The effects of information sources, however, are ambiguous.  If a specific source 

recommends pesticide applications, it will have a positive effect, but if the source recommends 

other methods, it will have a negative effect on the probability of an application.   

Finally, grower characteristics such as education, experience, gender, and race may affect 

decisions.  The effects of education and experience are ambiguous.  The education of 

respondents is not necessarily agriculture-related and may not affect decisions.8  Experienced 

growers have a better idea of what works well for their farm and region, and this may or may not 

involve pesticide applications.  Previous work suggests that women have stronger preferences for 

environmental quality, higher perceptions of pesticide risk, and stronger preferences for 

decreased pesticide exposure than men (Baker and Crosbie, 1993; Cabrera and Leckie, 2009; 

Loureiro et al., 2001; Fukukawa et al., 2007; Konisky et al., 2008).  Studies also suggest that 

minorities perceive higher risks associated with environmental and social risks than Caucasians 

(Finucane et al., 2000; Slovic, 2000).  Given these findings, I hypothesize that dummy variables 

for female and minority groups will be associated with a lower probability of applying a 

pesticide. 

In the last step of the decision-making process, if the grower has decided to apply a 

pesticide, he chooses which pesticide to apply.  This pesticide will fall somewhere on a spectrum 

of compatibility with an integrated pest management program.  In Section V.c, I model this 

decision and test for externalities.  Seven sets of factors affect this decision, including pest 

control decisions, weather and climate, habitat factors, economic factors, information sources, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 Grower comments next to the education question indicated that education included teaching 
certificates, medical degrees, and music degrees. 
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grower characteristics, and combined pest pressure.   

First, county-level use of pesticides that are toxic to natural enemies will likely decrease 

the level of IPM compatibility, since these growers will likely have lower natural enemy 

populations.  Second, weather and climate will affect decisions.  Pest degree-days may or not 

increase IPM compatibility, depending on the relative efficacies of the various options under 

different levels of pest pressure.  Natural enemy degree-days should increase IPM compatibility 

since this variable indicates the potential for a larger natural enemy population.   

Again, habitat factors will affect the grower’s decision, and again, they will be entangled 

with economic factors.  As before, the effects of citrus acreage and total acreage are ambiguous 

for the reasons discussed previously.  The effect of production outlet is ambiguous and will be 

determined by the relative cost and efficacy of the pesticides along the spectrum of IPM 

compatibility.  Organic production should be associated with a higher level of IPM compatibility 

due to the pesticide restrictions faced by organic growers. 

Information sources will certainly play a role in this decision.  For most sources of 

information, the effect is theoretically ambiguous and will depend upon the emphasis placed on 

IPM by the particular source.  For growers relying on chemical suppliers for information, 

however, the effect is likely a reduction in IPM compatibility.   

Sixth, grower characteristics will affect the decision.  If pesticides with increased IPM 

compatibility involve lower risks, I expect that female and minority growers will apply pesticides 

with a higher level of IPM compatibility.  As before, the effects of education and experience are 

ambiguous. 

Finally, combined pest pressure may affect the grower’s decision.  The presence of 

multiple pests will likely decrease IPM compatibility since pesticides with decreased 
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compatibility are often effective against a variety of pests. 

 

V.a.  The Presence of Natural Enemies 

To test my first hypothesis that conventional pesticide use decreases the prevalence of natural 

enemies on neighboring fields, my first set of models estimate whether grower i detects natural 

enemy k on his fields. As mentioned above, I use two methods to estimate this set of models: an 

implicitly spatial model based on aggregate county-level pesticide use and an explicitly spatial 

model based on the behavior of neighboring growers. 

 

V.a.i. The Presence of Natural Enemies with Probit Estimation 

First, I use a probit model to estimate the probability of the known presence of natural enemy k 

on grower i’s field, taking into account the pesticide use occurring at the county level.  Let yik
*  be 

the true natural enemy population.  I observe  

yik
* = 1 if yik

* > yk
yik

* = 1 if yik
* ≤ yk

 

where yk  is a minimum population size below which the presence of the natural enemy is not 

detectable.   

If  

yik
* = α k + xik 'βk + εik , then 

 Pr(yik
* > yk | xik ) = Pr(α k + xik 'β + εik > yk | xik ) = Pr((α k − yk ) + xik 'β + εik > 0 | xik ) .    

Assuming that the error term is normally distributed and that y  is constant across growers, I can 

estimate 

Pr(yik
* − y > 0 | x) = Pr(εik < ((α − yk ) + xik 'β | xik ) = F((α − yk ) + xik 'βk ) . 
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 For this estimation, I assume that the latent population of natural enemy k on grower i’s 

field can be written as: 

yik
* = α k + xik 'βk + xik

c 'γ k
c + xik

nc 'γ k
nc + ddik 'δk + zi 'θk + εik . 

xik is a J x 1 vector of dummy variables indicating if grower i applied pesticide j , j ∈{1,..., J}  

where J is the number of pesticides considered by the model which are toxic to natural enemy k.  

If grower i did not apply any pesticides toxic to the natural enemy, all dummy variables will be 

zero.  xik
c

 is a J x 1 vector containing the pounds of each active ingredient which is toxic to 

natural enemy k applied on citrus acreage per 100,000 acres of county land in grower i’s county.  

This vector measures the prevalence of pesticide use which is toxic to natural enemy k on citrus 

groves in the region surrounding grower i.  xik
nc  is a J x 1 vector containing the pounds of each 

active ingredient which is toxic to natural enemy k applied on non-citrus acreage per 100,000 

acres of county land in grower i’s county.  This vector measures the prevalence of pesticide use 

which is toxic to natural enemy k on non-citrus fields in the region surrounding grower i.  These 

two vectors will measure the effect of surrounding citrus and non-citrus growers on grower i’s 

natural enemy population.  ddik  is a measure of degree-days for the pest consumed or parasitized 

by natural enemy k.  For Aphytis melinus, ddik is a vector containing degree-days for both citrus 

red scale and Aphytis melinus.  Finally, zi  is a vector of farm and grower characteristics.  It 

includes total acreage of citrus and total acreage of all crops, dummy variables for the type or 

types of citrus grown excluding oranges, a dummy variable if the grower has organic production, 

and dummy variables for the use hedgerows and cover crops. 

Areas with more citrus pests tend to have more of all kinds of pests due to climates that 

support large populations of a wide range of herbivorous insects.  Consequently, areas of high 

citrus pesticide usage tend to have high non-citrus pesticide usage.  This multicollinearity 
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between citrus and non-citrus pesticide use prevents convergence of the probit models when both 

types of use are included.  Consequently, for each natural enemy, I consider three models: 

(1) yik
* = α k + xik 'β + xik

c+nc 'γ c+nc + ddik 'δ + zi 'θ + εik  

(2) yik
* = α k + xik 'β + xik

c 'γ c + ddik 'δ + zi 'θ + εik  

(3) yik
* = α k + xik 'β + xik

nc 'γ nc + ddik 'δ + zi 'θ + εik  

The models only differ in terms of the county-level pesticide use included.  I estimate a model 

with county-level citrus and non-citrus use combined (1), a model where only citrus pesticide use 

is included at the county level (2) and a model where only non-citrus pesticide use is included at 

the county level (3).  None of the three models are ideal, but together, they provide information 

about the effect of county-level pesticide use on the presence of the natural enemy.  Because the 

effects of citrus and non-citrus pesticide use on natural enemy k may differ, (1) may imprecisely 

estimate the combined effect.  Since (2) and (3) omit one of the uses, they may suffer from 

omitted variables bias.  However, if a county-level pesticide use coefficient is statistically 

significant in (1) and the coefficient on the same pesticide is significant and has the same sign in 

only (2) or (3), I hypothesize that the significant use in (2) or (3) (citrus or non-citrus use) likely 

drives the significance found in (1) where both uses are combined.  If a county-level pesticide 

use coefficient is statistically significant in (1), but insignificant in (2) and (3), it is possible that 

both groups effect the natural enemy population in combination, but the models excluding one 

group suffer from omitted variables bias.  If a county-level pesticide use coefficient is 

insignificant in (1) but is significant in (2) and/or (3), it is possible that combining the uses in (1) 

led to insignificance, and that the effects with use estimated separately are accurate.  It is also 

possible that the coefficients in (2) and (3) may also be picking up effects of the omitted type of 

use, given the correlation between the two types of use.  
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The vedalia beetle is primarily important through late April or early May, and begins to 

disperse in May (Grafton-Cardwell, 2005), so pesticide use included in the vedalia beetle model 

is calculated from January 1 through May 15 for 2008.  The January 1 starting point is used 

because residues of pesticides applied in January can still remain at levels toxic to the beetle 

during its period of activity.  For the Aphytis melinus models, pesticide usage includes the entire 

calendar year since the wasp provides control throughout the citrus-growing season.  For all 

crops and regions, the season begins with pre-bloom in February or March, so the January 

starting date for pesticide use captures pesticides whose residues may still remain at the start of 

the season.  Harvest marks the end of the season, and the timing of harvest varies by crop and 

region.  For many citrus crops and regions, harvest occurs in the winter, so the calendar year 

approximates the growing season for the average citrus grower (CCQC, 2003). 

 For each of the three models above, I measure county-level pesticide usage using 2008 

usage and an average of usage from 2004 to 2008, resulting in six regressions.  I run the 

regressions using robust standard errors clustered by county.    

 I begin with analysis of the presence of the vedalia beetle.  The results of these 

regressions are shown in Table 12.  The first three columns of output report the results of models 

(1), (2), and (3) with 2008 county-level pesticide usage while the second three columns of output 

report the results of models (1), (2), and (3) with an average of 2004-2008 county-level pesticide 

usage.  The county-level pesticide usage variables are the only variables that differ across the six 

specifications.  The dummy variables for the individual grower’s use of acetamiprid, buprofezin, 

and fenpropthrin were dropped.  Three growers applied fenpropathrin and one grower applied 

acetamiprid, and the beetle was present on all four growers’ fields, making these dummy 

variables perfect predictors of success.  Buprofezin was not applied by any growers who 
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responded to the vedalia beetle presence question. 

 When county-level citrus and non-citrus pesticide usage are combined (1), the only 

county-level pesticide use variable that is statistically significant is pounds of cyfluthrin applied 

per 100,000 acres of county land.  However, the sign when using 2008 usage differs from the 

sign when using an average of usage from 2004 to 2008 usage, and no other county-level 

pesticide use variables are statistically significant when combining county-level citrus and non-

citrus use.  When considering 2008 county-level pesticide usage on citrus acreage only (2), the 

coefficients on county-level cyfluthrin and buprofezin are statistically significant and positive 

while the coefficients on county-level fenprofezin and pyriproxifen are statistically significant 

and negative.  Interestingly, cyfluthrin and fenpropathrin are both applied to control citrus thrips 

but fenpropathrin residues remain toxic to the beetle for a longer period of time.  Similarly, 

buprofezin and pyriproxifen are both applied to control citrus red scale, and pyriproxifen 

residues remain toxic to the beetle for a longer period of time (UC IPM, 2008b).  The signs on 

these two sets of pesticides likely pick up the relative beetle population benefits of applying the 

pesticide with a shorter residue toxicity period. 

 When looking at 2008 non-citrus pesticide use (3), the coefficient on county-level 

pyriproxifen is statistically significant and positive while the coefficient on county-level 

buprofezin is statistically significant and negative.  Recall that both of the pesticides are used to 

treat red scale.  The reversal of the coefficient signs in (3) relative to (2) may indicate a positive 

externality generated by application of pyriproxifen on non-citrus acreage.  While the residues of 

pyriproxifen remain toxic to the beetle longer than residues of buprofezin, the former pesticide is 

more effective than the latter pesticide for red scale control, in part due to the longer lasting 

residues (Grafton-Cardwell and Reagan, 2004).  Applications of pyriproxifen on neighboring 
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non-citrus fields to manage codling moths, leafrollers, scales, aphids, leafminers, and peach twig 

borers on apples, pears, tree nuts, and stonefruit may lessen the need to control for red scale on 

citrus fields.  This, in turn, leads to a larger beetle population on citrus fields relative to areas 

with higher usage of buprofezin on non-citrus acreage to control scales, leafhoppers, and 

mealybugs on grapes, pears, persimmons, apples, and mangos. 

 The combination of the negative externality generated by longer lasting residues of 

pesticides on citrus found in the (2) specification and the positive externality of longer lasting 

residues of pesticides on non-citrus found in the (3) specification makes sense if red scale spends 

more time on non-citrus crops than the vedalia beetle.  These relative dispersal patterns would 

imply that buprofezin and pyriproxyfen use on non-citrus is more likely to kill red scale while 

their use on citrus is more likely to kill the beetle, allowing for differing externalities based on 

application crop type.  Both red scale and cottony cushion scale are pests of citrus and olives, so 

the red scale and beetle will both move between citrus and olive fields (UC IPM, 2009c, UC 

IPM, 2003).  However, there is reason to believe that the beetle is better at moving directly to 

citrus or olives fields than the red scale.  Only the crawler stage of the female red scale is mobile, 

and as the name of this stage implies, it is only capable of crawling.  It does, however, travel 

longer distances through wind and bird movement and by transportation on people and 

machinery (Kerns et al., 2004).  This dependence on other transportation mediums will lead to 

more random movement of the red scale.  In contrast, all stages of both genders of the beetle are 

mobile, with both genders of adults capable of flight, allowing the beetle to have more control 

over its destinations than the red scale.  Additionally, the speed with which the vedalia beetle 

saved the California citrus industry from devastation by the cottony cushion scale suggests that 

the vedalia beetle is very good at finding cottony cushion scale.  If these movement hypotheses 
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are correct, then the findings here suggest that positive externalities from county-level non-citrus 

pesticide usage and negative externalities from county-level citrus pesticide usage exist.  

 Additionally, in the model using 2008 non-citrus pesticide usage, the coefficient county-

level imidacloprid is statistically significant and negative, suggesting that usage of this pesticide 

on neighboring non-citrus fields may lower populations of the beetle on citrus fields.  Finally, the 

coefficient on cyfluthrin is again statistically significant and positive, but fenpropathrin is no 

longer statistically significant. 

 In five of the six models, the coefficient on the mandarin dummy variable is statistically 

significant and positive, and in one of the six models, the coefficient on the tangelo dummy 

variable is also statistically significant and positive.  This could occur for one or more of a few 

reasons.  First, mandarin and tangelo groves may differ from orange groves in ways that create a 

better environment for the beetle, increasing the probability of having a population of it in these 

groves.  Second, growers who choose to produce a variety such as mandarins may differ in their 

management strategies and do more to encourage beneficial insect populations.  Finally, if the 

majority of mandarin growers produce seedless varieties, they may be enacting measures to 

isolate their groves from bees to prevent cross-pollination with seeded varieties.  These measures 

may also keep out insects that compete with the vedalia beetle or help to limit the movement of 

beetles out of groves, preventing them from being affected by neighboring pesticide use. 

 While it was hypothesized that organic growers might be more likely to have beneficial 

insect populations due to practices about which the survey did not ask, the coefficient on the 

organic dummy variable is insignificant.  Additionally, the use of hedgerows and cover crops, 

two cultural controls that potentially support beneficial insects, is not a significant determinant of 

beetle presence.  Total citrus acreage has a positive and significant effect on the probability that 
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vedalia beetle population exists. 

 Lastly, it is important to note that the models including 2008 county-level pesticide use 

contain more significant county-level use coefficients than the models using 2004-2008 average 

levels and have slightly higher pseudo R2 values.  Given the dispersal pattern of the vedalia 

beetle, this weakened relationship with historical usage makes sense; usage farther back in time 

will have a smaller effect than recent usage. 

 I run the same models for Aphytis melinus.  The results of these models are shown in 

Table 13.  The dummy variables for the individual grower’s use of acetamiprid, carbaryl, 

fenpropathrin, and methidation were dropped by the program due to too few respondents 

applying these pesticides.  The county-level use of these pesticides is still included. 

When considering combined citrus and non-citrus pesticide use for 2008 or for the 

average of 2004 to 2008, the coefficient on county-level methidathion is statistically significantly 

negative, suggesting that neighboring growers applying methidathion lower their neighbor’s 

populations of parasitic wasps.  Additionally, when considering average pesticide use from 2004 

to 2008, the coefficient on county-level acetamiprid usage is negative.  When only including 

citrus pesticide usage, either for 2008 or the average of 2004 to 2008, none of the coefficients on 

the county-level pesticide usage variables are statistically different from zero.  When looking at 

non-citrus pesticide usage from 2004 to 2008, the coefficient on county-level methidathion is 

negative and statistically significant.  These results are consistent with non-citrus use of 

methidathion driving the negative coefficient in the models for total pesticide usage (1).  

Additionally, when including only average county-level non-citrus pesticide use for 2004 to 

2008, the coefficient on fenpropathrin is positive and significant, but this is not robust to the 

other specifications.   
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Unlike the models for the vedalia beetle, the models for Aphytis melinus that use 

pesticide use averaged over 2004 to 2008 more frequently detect externalities than when 

considering only 2008.  From survey respondents’ comments, it appears that established 

populations of Aphytis melinus remain relatively stationary.  With less long-distance dispersal, 

historical usage in a region will have a larger effect on current populations than it would with 

populations of insects that have more interregional movement. 

 Interestingly, growers with more total acreage of any crop, citrus or non-citrus, are more 

likely to have a population of the wasp than growers with fewer acres.  Unlike the vedalia beetle, 

which only eats the cottony cushion scale, Aphytis melinus parasitizes a wide range of scales 

found on a wide range of crops.  Consequently, larger farms growing any crops with scale pests 

will be able to support larger populations of the wasp than smaller farms.  The presence of a 

cover crop is also positively correlated with a naturally occurring wasp population, while 

hedgerows are negatively correlated with the wasp population.  One possible explanation for this 

negative correlation is that insects harbored by hedgerows may compete with wasps for 

resources.  Additionally, hedgerows are sometimes used to create buffers between a field and the 

neighboring field or surrounding habitat.  Since the wasp is more likely to occur on farms with 

more acreage, hedgerows may effectively fragment farms creating smaller patches of habitat for 

the wasp.   

 While mandarin production is associated with a higher likelihood of having the vedalia 

beetle present, grapefruit production is associated with a higher likelihood of having Aphytis 

melinus present.  The change in dummy variable significance across beneficial insects suggests 

that the type of citrus may have an effect on the presence of the specific beneficial insect. 

 Not surprisingly, wasp degree-days are a significant and positive determinant of the 
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presence of the wasp.  Additionally, individual growers who apply cyfluthrin are less likely to 

have a wasp population present.  Unfortunately, the causality in this relationship is uncertain.  

Growers may choose to apply cyfluthrin to control their citrus thrips population if they know 

they do not have a population of natural enemies or the application of cyfluthrin may lower the 

local natural enemy population below detectable levels. 

 

V.a.ii.  The Presence of Natural Enemies with Spatial Lag and Spatial Error Models 

In the explicitly spatial models, I estimate linear probability models for both natural enemies 

using spatial lag and spatial error models.  Since natural enemies move between fields, the 

presence of the natural enemy on grower i’s fields may lead to the presence of the natural enemy 

on neighboring fields.  Such an occurrence requires a spatial lag model such that  

y* = ρWy* + Xβ + ε  

where X is a matrix of the explanatory variables in (1-3) except excluding xik
c  and xik

nc , the 

previously used measures of spatial patterns.  Inclusion of these vectors in explicitly spatial 

models would lead to over-counting neighboring pesticide use.  W is a spatial weights matrix 

such that growers within a given bandwidth are considered to be neighbors and the effect of the 

presence of natural enemies on neighboring fields diminishes with distance.  If B denotes the 

bandwidth used and dij  denotes the Euclidian distance between growers i and j, then 

wij =
0 if dij > B
1
dij

 if dij ≤ B

⎧

⎨
⎪

⎩
⎪

 

I vary the bandwidth to see if results change when the bandwidth changes.  Growers’ latitudinal 

and longitudinal locations were constructed using their mailing addresses and an online geocoder 
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(http://geocoder.us).  Because the difference in growers’ latitudes and longitudes is only at most 

7.25 and 2.57 degrees, respectively, and since Stata’s default minimum bandwidth is 1 digital 

unit, the coordinates were scaled by 100.  Growers for which only post office boxes were known 

were unable to be geocoded and are consequently not included in this section’s analysis.  This 

reduces the number of growers included in the vedalia beetle analysis from 140 to 120 and the 

number included in the Aphytis melinus analysis from 135 to 127.    

 Importantly, this model includes all management decisions by neighboring growers that 

affect the natural enemy population.  Although neighboring pesticide use is included implicitly in 

the model for grower i’s natural enemy population, the effect of pesticide use cannot be 

disentangled from the effects of other decisions. 

 Additionally, I estimate spatial error models.  In contrast to the spatial lag model, if the 

presence of the natural enemy on grower i’s field has no direct effect on his neighbors, but 

instead, there is some unobservable variable that is shared by growers within a region which has 

a positive or negative effect on the presence of the natural enemy, a spatial error model is 

appropriate.  Such a model would imply: 

 

y* = Xβ + u
u = ρWu + ε
ε  N(0,σ 2In )

 

Again, X is a matrix of the explanatory variables in (1-3) excluding xik
c  and xik

nc , and W is a 

spatial weights matrix constructed as described above. 

 Positive and significant estimates of ρ  in the spatial lag model will indicate positive 

externalities generated by the natural enemy population on grower i’s fields.  Positive and 

significant estimates of ρ  in the spatial error model will indicate the presence of other 

unobserved characteristics that affect the natural enemy population and that are correlated across 
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space.  Negative estimates of ρ  could occur for either spatial model but would be 

counterintuitive because it would imply that grower i is less likely to have the natural enemy 

population present if his neighbors have the population present.9   

 I begin with the spatial lag and spatial error models for the presence of the vedalia beetle.  

I begin with the approximate minimum bandwidth for which all growers have at least one 

neighbor who falls within the bandwidth, implying that everyone is affected by or has an error 

term correlated with at least one grower.  I increase the width up to a bandwidth for which all 

growers fall within the bandwidth for all other growers, implying that each grower affects all 

other growers or has an error term correlated with all other growers’ error terms.  I increase the 

bandwidth in increments of 50 digital units, and report the results for the lowest and highest 

bandwidths as well as an intermediate bandwidth (Table 14).  Adjusting the bandwidth does not 

significantly affect the results, nor does it change the significance of the measures of spatial 

correlation.  In both models, ρ is positive and statistically significant.  It is higher for the spatial 

error model than for the spatial lag model.  This could be due to the response rate and the 

omission of non-citrus growers in these models.  Grower i’s error term will contain the pesticide 

use of all growers in his region who are not included among the survey respondents.  If pesticide 

use of growers not included in survey respondents is correlated across space, the individual error 

terms will also be correlated across space. 

 As hypothesized, degree-days are a significant positive predictor of the beetle population 

in these spatial models, while they were not significant in the previous implicitly spatial model.  

This suggests that the spatial correlation may bias estimates in the non-spatial model, making 

degree-days insignificant.  Similarly, the presence of hedgerows is positively related to the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 While other chapters discuss the possibly of aggregating movement which would lead to 
negative estimates of ρ , this type of movement is not as common as dispersive movement. 
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presence of the vedalia beetle once I control for spatial correlation.  Total citrus acreage is no 

longer significant once I control for spatial correlation.  Looking at the distribution of citrus 

acreage of respondents across counties suggests that Kern, Madera, and Tulare counties tend to 

have larger citrus groves, with average groves sizes exceeding 100 acreages.  Fresno, San 

Bernadino, and Ventura have moderate size groves with average acreages ranging from about 50 

to 65 acres.  County-level averages for the remaining counties are all less than 35 acres.  If larger 

citrus growers tend to be clustered in space, and if this clustering increases the presence of the 

beetle, the non-spatial models would attribute the presence of the beetle to the size of the 

grower’s citrus operation, when instead, the region’s citrus acreage is important.  Finally, the 

positive effect of mandarin production remains in the spatial lag and error models.  

 While spatial correlation exists for the presence of the vedalia beetle, the correlation is 

not statistically significant for Aphytis melinus.  Neither the spatial lag nor spatial error models 

demonstrate spatial correlation (Table 15).  Several growers wrote on their surveys that they had 

released Aphytis melinus for several years, and now had established populations on their fields.  

There are two possibilities for why establishment is possible.  First, if the wasp’s dispersal 

pattern keeps it within an individual grower’s fields, neighboring growers’ actions would not 

impede establishment, and this dispersal pattern would also limit the degree of spatial correlation 

of the wasp.  Second, if enough growers release or did release the wasp in an area, the wasp 

would be present in the entire region, regardless of dispersal patterns.  However, this second 

possibility should yield spatial correlation, and spatial correlation is not evident.   

Interestingly, the scale and wasp degree-days are statistically significant in the spatial lag 

model but not in the spatial error model.  This suggests that there is some unobservable factor, 

likely climate or habitat-related, correlated across space that is also correlated with degree-days.  
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Once I control for error correlation, the degree-day variables are insignificant. 

In the spatial models, total acreage and cover crops are again associated with a higher 

probability of having the wasp present.    Once accounting for spatial correlation, however, the 

“other” citrus type is significant and negative, while grapefruit is no longer significant.  

Correlation of crop types across space might have led to this switch in significance.    

 

V.a.iii.  Summary of the Externalities Associated with the Presence of Natural Enemies 

The models here find evidence in support of the hypothesis that neighboring pesticide use and 

neighboring insect populations affect the presence of natural enemies, but the results differ for 

the beetle and wasp, in part due to the different dispersal patterns of the two species. 

For the vedalia beetle, usage of pesticides with longer-lasting residues on neighboring 

citrus fields decreases the likelihood of having the beetle present.  On the other hand, usage of 

pesticides that are toxic to the red scale on neighboring non-citrus fields appears to lower levels 

of red scale on citrus fields and reduces the need to apply pesticides that are toxic to the beetle on 

these citrus fields.  The spatial models also suggest that growers who support beetle populations 

will positively affect their neighbor’s beetle populations because beetle presence is correlated 

across space.  Finally, the movement of the beetle reduces the link between historical pesticide 

usage and the beetle population.  This type of movement may increase the probability of citrus 

growers applying pesticides that are toxic to the beetle since the full cost of applying the 

pesticides, in terms of beetle population reductions, are spread across all growers’ fields through 

which the beetles would have moved, had they not been killed. 

 For Aphytis melinus, there is evidence that non-citrus pesticide usage affects the presence 

of the wasp on citrus fields, but there is no evidence of negative effects of citrus pesticide usage 
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on the presence of the wasp.  Section V.c. will discuss the prevalence of the use of the parasitic 

wasp on citrus fields.  This prevalence likely reduces the usage of pesticides on citrus fields that 

are toxic to the wasp.  Additionally, the more limited movement of Aphytis melinus leads to little 

spatial correlation of the presence of the wasp.  This limited movement will also reduce the 

possibility of externalities generated by pesticide use and helps to internalize the possible 

externalities generated by growers’ pest control decisions, unlike vedalia beetle movement. 

   

V.b.  Pesticide Application 

In the next set of models, I estimate whether or not grower i will apply a pesticide if pest k is 

present.  Ideally, I would model the application rate decision as well.  However, many growers 

simply applied the label rates, while others did not indicate what rate was applied.  The lack of 

variation in the survey responses and missing responses do not lend themselves to a rich analysis 

of this decision.  I could also estimate the number of applications applied, but, for both pests that 

I consider, about 70% of growers who applied any pesticides only used one application.  Again, I 

use implicitly and explicitly spatial models. 

 

V.b.i.  Pesticide Application Probit Models 

In the implicitly spatial model, I again use a probit model, accounting for pesticide use at the 

county level.  For the decision of whether or not to apply a pesticide, I observe:  

y = 1 if U(Apply = 1) >U(Apply = 0)
y = 0 if U(Apply = 1) ≤U(Apply = 0)  

where U(Apply = 1)  is grower i’s utility from applying at least one pesticide to control pest k, 

and U(Apply = 0) is the utility from not applying any pesticides.  Utility will largely be a 

function of expected profits under the two alternatives but it may also include measures of the 
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grower’s disutility from pesticide use due to potential health and environmental effects generated 

by pesticide use.  

If  

y* =U(Apply = 1) −U(Apply = 0) = α + x 'β + ε , then  

Pr(y* > 0 | x) = Pr(α + x 'β + ε > 0 | x) .   

Assuming that the distribution of the error term is normally distributed, I can estimate 

Pr(y* > 0 | x) = Pr(ε <α + x 'β | x) = F(α + x 'β) . 

I model the difference in utility as 

yik
* = α k + xik

cγ k
c + xik

ncγ k
nc + ddik 'δk + zi 'θk + εik . 

xik
c , xik

nc , and ddik  are as defined previously.  As in section V.a, I use three models: one where 

county-level citrus and non-citrus pesticide use is combined, one containing only county-level 

citrus pesticide use, and one containing only county-level non-citrus pesticide use.   

zi  now includes a larger set of variables than in section V.a.  It includes three variables to 

indicate how grower i sells his output which will directly affect expected profits.  First, it 

includes a dummy variable that equals 1 if the grower has no current commercial production.  

This could occur if the grower is quarantined for the Asian citrus psyllid and previously sold to 

areas outside of the quarantine, if the trees are immature, or if the grower could not find a buyer 

for his or her produce.10  The second variable is a measure of the percent of output sold to a 

processor.  Fruit sold to processors tends to be of lower quality than fruit sold to other outlets 

since it will be converted to juice.  Third, there is a variable that includes the percent of 

production sold to outlets other than processors and packinghouses.  The majority of this 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 Currently, all of Imperial, Los Angeles, and Orange counties and portions of San Bernadino, 
San Diego, and Riverside are under quarantine (CDFA, 2010). 
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production is sold at farmers’ markets, to grocery stores, or to wholesalers.  Fruit in this category 

may differ in quality than fruit sold to processors or packing houses.  The vector also contains 

measures of education and agricultural experience that will likely affect the grower’s 

management ability, and consequently affect profits.  Similarly, the vector includes dummy 

variables for the grower’s primary source of information.  These include extension agents, 

extension publications, other growers, farm or chemical suppliers, trade magazines, and “other.”  

Growers relying on crop consultants or pest control advisors are the base group.  Lastly, the 

vector controls for gender and ethnicity, two demographic factors that could affect the grower’s 

decision-making, as discussed earlier.  As before, zi  includes dummy variables for types of 

citrus grown, with orange-only production as the base group, and a dummy variable if the grower 

produces organically.  Finally, the vector includes acres of citrus and acres of all production.   

 The variables that are included in zi  here but not in the models for the presence of the 

natural enemy are all variables that may affect the grower’s pest control decisions.  The pest 

control decisions that might affect the natural enemy are included in Section V.a’s models, so the 

determinants of the decisions do not need to be included in those models.   

The analysis here includes models for the treatment of red scale and citrus thrips, the two 

most commonly found pests among respondents.  The treatment of cottony cushion scale is 

omitted for two reasons.  First, conventional growers only occasionally apply pesticides 

specifically aimed at controlling cottony cushion scale.  Insect growth regulators used to control 

citrus red scale as well as organophosphates used to control a variety of other citrus pests provide 

control of the cottony cushion scale, so only conventional growers who do not face these other 

pests would consider specifically treating for cottony cushion scale.  Second, organic growers 

rely primarily on the vedalia beetle for cottony cushion scale and no organically-approved 
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pesticide exists to control the cottony cushion scale.  In other words, pesticide application 

decisions for the cottony cushion scale are complex for conventional growers and trivial for 

organic growers.  

 I begin with the results for the decision to apply one or more pesticides to control the 

citrus red scale.  The model predicts that neighbors’ pesticide use will affect a grower’s decision 

to apply a pesticide to control the scale.  Neighboring non-citrus use of acetamiprid and 

chlorpyrifos and both neighboring citrus and non-citrus use of cyfluthrin increase the probability 

that grower i applies a pesticide to control red scale (Table 16).  Of these pesticides, only 

chlorpyrifos is used to control red scale, so the significance of acetamiprid and cyfluthrin is not 

simply due to the effects of elevated red scale pressure or a correlation of behavior among 

neighboring growers.  County-level total use of carbaryl, and total and non-citrus use of 

methidathion are associated with a decreased probability of applying a pesticide to treat red 

scale.  Both of these pesticides are used to treat red scale on citrus, but treat other pests such as 

aphids, mealybugs, and leafhoppers on other crops.  As noted earlier, the random movement of 

red scale may allow pesticide use on non-citrus crops to lower the population found on citrus 

crops.  The results here further support this hypothesis.      

Growers making use of the wasp, either naturally occurring or purchased and released, 

are less likely to apply a pesticide to control red scale, so the coefficient on neighboring pesticide 

use could be reflecting the effect of these pesticides on the presence of the parasitic wasp.  As 

hypothesized, lack of commercial production and in increase in the share of sales going to 

processors are negatively associated with the likelihood of applying a pesticide.   

As total acreage increases, the likelihood of applying a pesticide increases at a decreasing 

rate.  This could be due to a higher red scale population in larger operations, regardless of the 
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crops grown or due to less scouting and more preventative pesticide applications on larger 

operations.  It could also be due to economies of scale in pesticide applications that make the per 

acre cost of applications lower for larger growers.  It is worth noting that the coefficient on the 

organic dummy variable is insignificant.  Organically-approved oils are available for the 

treatment of red scale, and the efficacy of these oils is high enough that even conventional 

growers choose to apply them, despite having a wider range of options.  This relatively high 

efficacy may lead organic growers to apply pesticides for red scale when they may be less 

inclined to do so for pests with less effective controls.   

Growers of tangelos and “other” types of citrus are less and more likely, respectively, to 

apply pesticides.  The growers of “other” citrus were previously found to have a lower 

probability of having Aphytis melinus present, so the increased probability of these growers 

applying a pesticide may be due to fewer beneficial insects. 

Information sources are also significant determinants of whether or not growers apply a 

pesticide to treat red scale.  Growers who rely on information from other growers and from trade 

magazines are less likely to apply a pesticide than growers who rely on crop consultants or pest 

control advisors.  Pest control advisors may be inclined to recommend applications, causing the 

base group of growers to be more inclined to apply a pesticide than the other groups. 

Lastly, Hispanic growers are less likely than white growers to apply a pesticide for red 

scale control, and females are less likely than males to apply a pesticide for red scale control.  

These findings coincide with previous work that find that females and minorities have higher 

perceptions of environmental risk than males and white people.  

 Like the models for red scale that exhibit both positive and negative externalities 

generated by neighboring pesticide usage, the models for citrus thrips exhibit both types of 
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externalities as well (Table 17).  The county-level use of cyfluthrin and dimethoate on 

neighboring non-citrus acreage and county-level use of fenpropathrin on citrus acreage are 

negatively associated with pesticide applications.  All three of these pesticides are toxic to the 

predatory mite that eats thrips, but they are also used to control thrips.  The latter effect appears 

to outweigh the former effect.  The use of formetanate hydrochloride on both citrus and non-

citrus acreage is positively associated with the likelihood of applying a pesticide to control for 

thrips.  This pesticide is also toxic to the predatory mite and used to control thrips, but it appears 

that the negative externality outweighs the positive externality.   

 As was the case with the red scale model, the use of natural enemies and no commercial 

production decreases the likelihood of applying a pesticide to control thrips.  Interestingly, 

production sold to outlets other than processors and packinghouses is associated with a decrease 

in the probability of an application.  Thrips leave scars on the fruit that would result in a lower 

grade and price received from a packinghouse.  Farmers’ markets and “other” make up the 

majority of outlets in this category, and of the “other” many include direct sales or sales on site.  

Citrus sold directly to the consumer is never graded, and the negative sign on the coefficient 

suggests that consumers are willing to purchase fruit with some scarring that would be 

downgraded if sold to a packinghouse before being sold to the consumer.  Growers who sell 

more of their output to processors are associated with a higher probability of applying a pesticide 

for thrips, but this finding is not robust across specifications and is somewhat counterintuitive.  

Thrips scarring does not affect juice quality so there is no particular reason for growers who 

planned to sell to processors at the start of the season to treat for thrips.  The apparent 

relationship may be due to increased thrips pest pressure resulting in growers selling to 

processors. 
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 Similar to the findings for red scale pesticide applications, growers of tangelos are less 

likely to apply a pesticide to control citrus thrips.  Additionally, organic growers are less likely to 

apply a pesticide than non-organic growers, most likely due to the inefficacy of organic control 

options.  Organic options for thrips control are limited, and no conventional grower in the survey 

chose to apply an organic pesticide for their thrips control, unlike conventional decisions for red 

scale control. 

 Information sources are again a significant determinant of whether or not growers apply a 

pesticide.  Growers who primarily rely on extension publications or other growers are less likely 

to apply a pesticide than growers who primarily rely on crop consultants or pest control advisors.  

Again, this may be due to pest control advisors frequently recommending chemical control of 

pests. 

 

V.b.ii.  Pesticide Application with Spatial Lag and Spatial Error Models 

In addition to the probit models discussed in the previous section, I estimate linear probability 

models with an explicit spatial component.  The spatial lag model implies that grower i’s 

decision of whether or not to apply at least one pesticide affects neighboring growers’ decisions 

of whether or not to apply at least one pesticide.  This could occur if growers tend to do what 

other growers in their area are doing or if other growers’ applications affect the pest population 

on grower i’s field.  The former phenomenon predicts positive spatial correlation, while the latter 

phenomenon could produce negative correlation.  The top four primary sources of information 

for growers are all likely to result in correlation of decisions across growers.  Crop consultants, 

pest control advisors, extension advisors, farm suppliers, and chemical dealers are likely to 

interact with growers within a given geographical region.  Additionally, the third most important 
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source of information among respondents is other growers.  Presumably, growers will 

communicate more frequently with growers who are nearby, creating spatial correlation about 

application decisions. 

 The spatial error model assumes that growers’ decisions about whether or not to apply a 

pesticide have no effect on each other.  Instead, there are some unobservable factors that are 

correlated across growers.  Pest pressure could be one factor.  The degree-days variable controls 

for pest pressure to an extent, but other factors, such as precipitation or historical pest ranges, 

contribute to pest pressure and are included in the error term. 

 The spatial weights matrix for this model is the same as the one used in section V.a.ii, 

and the independent variables are as described above in section V.b.i except that, as in section 

V.a.ii, the county-level pesticide use variables, the previously-used measures of spatial patterns, 

are excluded in this explicitly spatial model.  The geocoding method results in the number of 

observations decreasing from 168 to 134 growers for the red scale control models and from 179 

to 152 for the thrips control models. 

 I begin with the results for control of red scale.  Like the model for the presence of 

Aphytis melinus, the natural enemy of red scale, the model for treatment of red scale does not 

exhibit spatial correlation in the pest control decision or the error term (Table 18).  As predicted 

from the non-spatial probit models, the use of the wasp and the lack of commercial agriculture 

are negatively associated with the likelihood of applying a pesticide to treat for red scale.  Unlike 

the non-spatial models, the spatial models predict that growers with organic acreage are less 

likely to apply a pesticide to treat red scale than growers without organic acreage.  The lack of 

significance of this dummy variable in the non-spatial models suggests that organic growers are 
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clustered spatially, consistent with previous work has found evidence of clustering of organic 

operations (Parker and Munroe, 2007). 

The model also predicts that Asian growers are more likely to apply a pesticide to control 

red scale than white growers while growers who rely on extension publications are less likely to 

apply a pesticide than growers who rely on crop consultants or pest control advisors.  The use of 

a particular extension agent or groups of agents is likely correlated across space due to county 

and regional-level organization of cooperative extension service in California.  This may explain 

the change in significance of this variable, once spatial correlation is addressed.  The lack of 

significance of other growers as an information source is likely due to the fact that growers who 

rely on fellow growers for information are likely to use similar forms of control, and growers are 

more likely to talk to growers closer to them than farther away.  The spatial models will capture 

this communication and render the “other grower” variable insignificant.  

 Unlike the models for red scale control, the models predicting whether or not a grower 

will apply at least one pesticide to control citrus thrips do exhibit spatial correlation (Table 19).  

Again, the errors exhibit more correlation than grower decisions, likely due to the omission of 

the citrus growers who did not respond and non-citrus growers.  Thrips degree-days are a 

significant predictor of pesticide applications, indicating that as pest pressure increases growers 

are more likely to apply a pesticide.  The use of the predaceous mite, a lack of commercial 

production, and sales to outlets other than processors and packinghouses are all negatively 

associated with the likelihood of applying a pesticide to control thrips, consistent with the non-

spatial thrips pesticide models.   

In this model, there are also two information sources that are statistically significant.  

Growers relying on extension publications and trade magazines are less likely to apply a 
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pesticide than growers who rely on crop consultants or pest control advisors.  Additionally, this 

model predicts that Asian growers are more likely to apply a pesticide than white growers while 

Hispanic growers are less likely to do so than white growers.   

The types of crops grown are also significant, but the significance is not robust to the 

various model specifications.  The mandarin variable is only significant in the spatial lag models, 

suggesting that some unobserved variable is associated with mandarin production and thrips 

pesticide applications.  One possibility is that some climatic or environmental factor makes 

regions more suitable for mandarin production but also more suitable for thrips populations.  The 

coefficients on lemon and other are only significant in error models for the smallest or medium 

band size, respectively. 

 

V.b.iii.  Summary of the Externalities of Pesticide Application Decisions 

The results for application decisions vary across the two pests.  There is evidence of negative and 

positive externalities for both types of pest control, but spatial patterns of applications differ.   

The county-level use models for both red scale and thrips control suggest that the use of 

some pesticides generates positive externalities felt by nearby growers, while the use of other 

pesticides generates negative externalities.  The hypothesized erratic movement of red scale 

appears to allow non-citrus pesticide usage to positively affect citrus growers through inadvertent 

control of red scale off of citrus fields.  

 The explicitly spatial models do not detect spatial correlation across citrus growers’ 

decisions to apply a pesticide to control red scale, suggesting two possible phenomena.  First, red 

scale pest pressure may exhibit little spatial correlation, resulting in little spatial correlation in 

terms of whether or not growers choose to apply a pesticide to treat the scale.  Second, the lack 
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of spatial correlation in wasp populations may lead to little spatial correlation in the use of the 

wasp, which in turn limits the spatial correlation in the use of pesticide applications.   

 The spatial correlation detected in the models for citrus thrips control suggests that either 

thrips population pressure is spatially correlated and the degree-days measure does not 

adequately control for pest pressure or growers tend to use forms of pest control that are similar 

to their neighbors.  The next section will explore the latter possibility. 

 

V.c.  Level of Integrated Pest Management  

Ideally, this analysis would include multinomial logit estimation of grower i’s choice of pest 

control bundle.  However, the limited number of observations combined with the number of 

variables required for a complete analysis does not yield enough degrees of freedom to estimate 

such models.  Consequently, I index each respondent’s decision according to its level of 

compatibility with an integrated pest management program in order to create a single dependent 

variable.  For citrus red scale and citrus thrips, the University of California’s Integrated Pest 

Management Program (UC IPM) provides a list of pesticides used to treat the pests and ranks 

them by their compatibility with an integrated pest management program.  I convert this ordinal 

information to a cardinal index of compatibility by assigning a higher number to control options 

with a greater compatibility with an integrated pest management program.  I then classify the 

respondents’ practices using this index.  For respondents who used a combination of ranked 

pesticides, I assign the ranking of the least compatible pesticide.  Table 20 provides the 

treatments and their index values as well as the percent of growers, among those growers who 

control for the given pest, falling into each category.  Just over half of all growers who control 

for red scale make use of Aphytis melinus, and only one grower uses any of the four lowest 
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ranked pesticides to control red scale.  The picture is a bit different for thrips control.  Only about 

one-fifth of growers use Euseius tularensis, some in combination with other generalist 

predaceous insects such as the green lacewing.  Almost 27% of growers use pesticides ranked in 

the lowest four for thrips control.   

 

V.c.i.  Level of Integrated Pest Management with Ordered Probit 

Again, I begin the discussion of this set of models with an implicitly spatial model that accounts 

for pesticide use at the county level.  I use an ordered probit model that predicts the probability 

that grower i will apply a pesticide with a given IPM compatibility index.  Grower i’s optimal 

choice of IPM compatibility can be written as: 

(4) yik
* = α k + xik

c 'γ k
c + xik

nc 'γ k
nc + ddik 'δk

dd + CPPk 'δk
CPP + zi 'θk + εik  

where all variables are the same as in the model in V.b.i except that now the equation includes a 

measure of combined pest pressure, CPP.  The combined pest pressure variable indicates how 

many of the four pests on which the survey focused were present in the 2009 growing season.  

This is an imperfect measure of combined pest pressure since growers face other pests not 

discussed in the survey, but it is the best measure available.  As the number of pests faced 

increases, growers might move to lower-ranked pesticides that are less compatible with IPM 

since these pesticides control a wider range of pests than more highly ranked pesticides. 

 Instead of observing y* , I observe the choice of the pesticide that has the closest IPM 

compatibility of all available pesticides.  This implies 
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yik =

1 if yik
* ≤ µ1

2 if µ1 < yik
* ≤ µ2

3 if µ2 < yik
* ≤ µ3

.
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.
K  if µk−1 ≤ yik

*

⎧

⎨

⎪
⎪
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⎪

  

where K is the number of pest control options available, ranked such that pest control option 1 is 

the least compatible with an IPM program and pest control option K is the most compatible with 

an IPM program, and µi−1  and µi  represent the latent levels of compatibility that separate 

pesticide i from i-1 and i+1. 

 If the equation for y*  is re-written for ease of demonstration as  

yik
* = Xik 'βk + εik   

where X includes all of the regressors in (4), then: 

Pr(yik = 1 | Xik ) = Φ(µ0 − Xik 'βk )
Pr(yik = 2 | Xik ) = Φ(µ1 − Xik 'βk ) − Φ(µ0 − Xik 'βk )
.
.
.
Pr(yik = K | Xik ) = 1− Φ(µk−1 − Xik 'βk )

 

which can be estimated as an ordered probit model. 

 I begin with results for the model of the IPM compatibility level decision for red scale.  

In the three specifications for this model using 2008 PUR data, county-level intensity of non-

citrus acetamiprid, clorpyrifos, and methidation, citrus use of cyfluthrin, and total use of 

chlorpyrifos and fenpropathrin have a negative effect on the IPM compatibility level chosen.  

Total and non-citrus use of carbaryl has a positive effect on the IPM compatibility level chosen, 
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suggesting a positive externality of non-citrus carbaryl use.  Methidathion and chlorpyrifos are 

both used to control red scale, so this negative effect may be due to growers applying pesticides 

that are the same or similar to their non-citrus neighbors as well as possibly due to the negative 

externality of applying these pesticides.  Acetamiprid and cyfluthrin, however, are not used to 

control red scale, and the negative coefficient on county-level non-citrus and citrus usage, 

respectively, may be indicating a negative externality generated by usage of these pesticides that 

lowers levels of the parasitic wasp.  The negative coefficient on fenpropathrin is only found in 

the specification with total usage and not for specifications containing only citrus or non-citrus 

usage, so the group of growers driving this coefficient is unknown. 

 The degree-days variables are significant in the models containing only 2008 county-

level non-citrus or citrus pesticide usage.  Pest degree-days are associated with a higher level of 

IPM compatibility, which might suggest that IPM practices work better under higher pest 

pressure.  Wasp degree-days, however, are negatively associated with IPM compatibility level.  

This is counterintuitive because as wasp degree-days increases, the grower is likely to have a 

larger wasp population, increasing his ability to use biological control.  A high degree of 

multicollinearity exists between the two degree-days measures, and both of these models omit 

the county-level pesticide usage of the other type of grower so these coefficient estimates may be 

biased.  As predicted, combined pest pressure is negatively associated with IPM compatibility 

level, and this finding is robust to all model specifications. 

 Crop type is also a significant determinant of IPM compatibility level.  Growers of 

tangelos and “other” citrus are associated with a higher level of compatibility than growers of 

oranges, and, in one of the six models, the coefficient on mandarins is also positive and 
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statistically significant.  This suggests that growers of the more specialized varieties of citrus 

may choose higher levels of IPM than orange growers.     

Not surprisingly, organic growers use more IPM-compatible management.  Acres of 

citrus and total acres of all crops are negatively associated with IPM compatibility level.  If an 

IPM program requires more time and knowledge, growers with larger acreage of citrus and/or 

non-citrus crops may choose to allocate their time and effort to other areas of production and 

simply apply broad-spectrum pesticides on their citrus groves. 

In the models predicting whether or not a grower will apply a pesticide, education was 

not a significant variable, but for the choice of IPM compatibility level, it is.  The level of 

education is positively associated with IPM compatibility, which may indicate one or more of a 

few possibilities.  IPM involves more flexible and complex decision-making compared to 

applying the same broad-spectrum pesticides year after year.  The positive effects of education 

could be due to additional technical training and/or due to better decision-making skills. 

 While most information sources are not significant in the models of whether or not to 

apply a pesticide, discussed in section V.b, four are significant here.  Growers relying primarily 

on other growers or “other” sources of information are associated with a higher level of IPM 

compatibility while growers who rely on extension publications and farm or chemical suppliers 

for information are associated with lower levels of IPM compatibility, relative to growers who 

rely on crop consultants or pest control advisors. 

 Contrary to the predictions of previous work on risk perceptions, women and minorities 

do not necessarily practice higher levels of IPM compatibility.  In fact, Asian and “other” 

growers are associated with lower levels of IPM compatibility.  In one of the six models, the 
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coefficient on female is statistically significantly greater than zero, and four of the remaining five 

have positive, but insignificant coefficients. 

 Results regarding the level of IPM compatibility chosen for citrus thrips differ with 

regards to the effects of county-level use.  County-level total and citrus usage of cyfluthrin and 

fenpropathrin are positively associated with higher levels of IPM compatibility while county-

level usage of dimethoate and formetanate hydrochloride on citrus is negatively associated with 

the level of IPM compatibility chosen (Table 22).  The former two pesticides rank just above the 

latter two in terms of IPM compatibility.  The range of compatibility among these four pesticides 

is relatively small, so it is unlikely that cyfluthrin and fenpropathrin are significantly less harmful 

to the predaceous mite or other natural enemies.  Consequently, these coefficients likely reflect 

correlation in decisions across growers, and this will be tested in the next section. 

 In the model using 2008 county-level citrus pesticide usage, thrips degree-days are 

negatively associated with IPM compatibility level, suggesting that as thrips pest pressure 

increases, growers are more likely to use less compatible pesticides.  The coefficient on 

combined pest pressure, however, is insignificant. 

 As seen in the set of IPM compatibility estimates for red scale, crop type is a significant 

predictor for IPM compatibility for thrips management.  However, now tangelos and mandarins 

are associated with a lower level of IPM compatibility, while grapefruits, and “other” are 

associated with a higher level.  The change in sign of the coefficients on tangelos and mandarins 

suggests that individual crop types may be better suited for IPM that others, given differences in 

the ecosystem created by the crop type.  Additionally, the efficacy of IPM compatible pesticides 

may differ by crop type, causing growers to vary their compatibility across pest infestations. 
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 As expected, organic growers are positively associated with IPM compatibility, and 

unlike the models for red scale IPM compatibility, citrus growers with higher acreage are 

associated with higher levels of IPM.  In this set of models, a quadratic relationship exists 

between education and IPM compatibility.  Between some high school and college degree, as 

education increases, compatibility decreases, but as education increases from college degree to 

some graduate/profession school and graduate/professional degree, compatibility increases.  This 

relationship is consistent with the hypothesis posited before that more educated people tend to 

undertake the complexity of IPM-based decision-making.  While advanced degrees are 

associated with increased IPM compatibility, agricultural experience has a negative effect on 

compatibility.  Given the relative newness of IPM in citrus, this may suggest that the time costs 

associated with learning IPM may exceed the benefits for growers with a shorter period of time 

left in agricultural production.  Additionally, the benefits of having a large amount of experience 

with current methods may outweigh the benefits of using a newer form of control.  Again, the 

source of information is a significant determinant of the level of IPM compatibility chosen.  

Growers relying on extension agents, extension publications, other growers, and “other” sources 

choose a higher level of IPM compatibility than growers relying on crop consultants or pest 

control advisors.  Additionally, growers relying on farm or chemical suppliers use a lower level 

of IPM compatibility, as hypothesized.  Female growers are associated with lower levels of IPM 

compatibility.  None of the ethnicity variables are significant. 
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V.c.ii.  Level of Integrated Pest Management Compatibility with Spatial Lag and Spatial 

Error Models 

I estimate spatial lag and spatial error models for the level of IPM compatibility chosen.  The 

spatial weights matrix is constructed as previously done for the last two sets of spatial models, 

and the independent variables are the same as in V.c.i except that county-level pesticide usage is 

not included.   

 Even though the citrus thrips model in the preceding section suggested that grower 

decisions are spatially correlated, neither type of model predicts spatial dependence for either 

type of pest control.  The insignificance of the spatial measures may be due to the low number of 

observations.  While all models had the number of observations reduced by growers who chose 

not to respond to particular questions, the spatial models also lost growers whose addresses were 

post office boxes.   

In the model for red scale control, total acreage has a negative effect on the level of IPM 

compatibility chosen, but now citrus acreage has a positive effect on compatibility, suggesting 

economies of scale (Table 23).  In addition, education increases the probability of choosing a 

higher level of IPM compatibility.  The effects of information coming from other growers, other 

sources, and farm or chemical dealers remain unchanged with the addition of the explicit spatial 

component.  In these spatial models, when the band size is moderate to large, the coefficient on 

the extension agent dummy variable is positive and significant, whereas it was insignificant in 

the non-spatial models.    

 Once I explicitly control for spatial correlation, both degree-days variables and combined 

pest pressure lose their significance.  These variables are all correlated across space and will 

cause growers located near each other to behave similarly.     
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 In the spatial models for citrus thrips control, thrips degree-days decrease the level of 

IPM compatibility, suggesting that as pest pressure increases, growers choose less compatible 

control options (Table 24).  The coefficients on the grapefruit, mandarin, and tangelo dummy 

variables are all robust to the addition of explicit spatial controls, although “other” has become 

insignificant.  Grapefruits are associated with higher IPM compatibility while mandarins and 

tangelos are associated with lower compatibility.  Grapefruits were also associated with higher 

compatibility of red scale control, so grapefruit growers may tend towards IPM practices or the 

environmental factors that are unique to grapefruits may make IPM more feasible compared with 

IPM in orange production. 

 As expected and as was seen in the non-spatial models, organic growers are associated 

with higher levels of IPM compatibility for thrips control.  Additionally, the addition of explicit 

spatial controls does not affect the coefficients on the experience variables; increasing experience 

is still associated with decreased IPM compatibility. 

All of the information sources have the same qualitative effect in the spatial models as 

they did in the implicitly spatial models for thrips control except for the coefficient on extension 

publications which is no longer significant.  As found in the red scale models, Asian growers are 

associated with a lower level of IPM compatibility than white growers.  Interestingly, the spatial 

model for whether or not growers apply a pesticide for thrips control predicts that Hispanic 

growers are less likely to apply pesticides, but the IPM compatibility model predicts that, if 

Hispanic growers do apply controls for thrips, they apply a pesticide that is less compatible with 

an IPM program.  This suggests that the lower likelihood of applying a pesticide at all is not due 

to adherence with an IPM program, but instead due to a higher pest threshold above which 
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Hispanic growers will choose to apply a pesticide relative to white growers, all else equal.  

Finally, the “other” racial category is associated with a higher level of IPM compatibility.   

 

V.c.iii.  Summary of Externalities for IPM Compatibility Level Decisions 

The models for IPM compatibility for the control of red scale suggest that the use of pesticides 

on neighboring growers’ fields may affect the degree of IPM compatibility chosen, but the 

models of IPM compatibility for control of thrips likely only detects correlation of decisions 

across growers.  Although the explicitly spatial models do not detect correlation across growers, 

there is reason to believe that this is driven by the small number of observations.  As the number 

of observations decreases, the degrees of freedom decrease, and there are more geographic 

“holes” in the data.  A larger dataset might be able to detect spatial correlation among growers.  

 

VI. Conclusions 

The three sets of models which address three of the pest control decision nodes of Figure 1 all 

detect the presence of externalities in the California citrus industry, and these externalities can be 

positive or negative.  The presence of the vedalia beetle appears to be negatively affected by 

pesticide usage on neighboring citrus fields and possibly positively affected by pesticide usage 

on neighboring non-citrus fields.  The presence of Aphytis melinus appears to be affected by 

neighboring non-citrus usage, and the models do not predict negative effects from neighboring 

citrus usage.  The prevalence of the use of Aphytis melinus likely lessens the applications of 

pesticides harmful to the wasp on citrus fields and leads to timing of applications on citrus fields 

that better coincide with stages in the wasp’s lifecycle that are less susceptible to pesticides.   
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 In terms of the likelihood of applying a pesticide to control for red scale and thrips, 

externalities may also be present.  Pesticide usage on neighboring citrus and non-citrus fields are 

positively associated with the probability of applying a pesticide to control for red scale while 

usage of some pesticides on citrus and non-citrus fields are negatively associated with the 

probability of applying a pesticide to control for thrips.  The former relationship suggests a 

negative externality, while the latter suggests a positive externality generated by neighboring 

growers’ pesticide applications. 

 The models for IPM compatibility suggest that the pest management decisions of 

neighboring growers may impede the use of the parasitic wasp for red scale control.  In contrast, 

citrus thrips control decisions seem to be correlated across space for other reasons. 

 The explicitly spatial models predict spatial correlation for the presence of the vedalia 

beetle and the likelihood of applications to control for thrips.  The lack of spatial correlation for 

the other models could be due to less dispersal among the insects modeled or they could be due 

to the sparse observations used.  A higher response rate with fewer geographic holes might yield 

different results. 

 These models also suggest that grower decisions vary based on the type of information 

used.  The use of extension agents and other growers have a positive effect on IPM compatibility 

relative to the use of pest control agents.  Efforts to increase communication among growers and 

to increase the role of extension work could help disseminate information about IPM practices.  

The significance of Asian and Hispanic ethnicity might suggest that information should be 

provided in a wider variety of languages and in ways that might better appeal to different ethnic 

groups. 
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 With respect to farm size and crop composition, the respondents are fairly representative 

of California citrus growers.  However, the respondents may differ from the representative citrus 

grower in ways that are impossible to test.  Growers who make use of beneficial insects may be 

overrepresented in the survey if the survey’s content was more appealing to them than to growers 

who do not use beneficial insects.  My results may detect larger effects than exist for the 

representative citrus grower.  

 The presence of spatial externalities in California citrus pest management suggest that 

efforts should be made to advance integrated pest management practices among both citrus and 

non-citrus growers since insects move between both types of fields.  There are many active 

proponents of citrus IPM in California and similar efforts for other crops will improve the 

efficacy of IPM across crops. 

 Future work will involve more detailed analysis of the effects of the timing of pesticide 

applications as well as work modeling augmentation decisions.  Additionally, I will analyze 

effects that might differ for growers of differing sizes since acreage will affect how close 

“neighbors” are to the majority of a grower’s production.  Finally, more work will be done to 

determine the relative efficacies and costs associated with different pesticides across crop types 

in order to better understand the significance of the crop type variables.     
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Table 1. Undeliverable or Not Applicable Surveys 
Reason Not Returned Number 
Unable to Deliver 
   Attempted- Not Known 18 
   Deceased 8 
   Duplicate 1 
   Forwarding Order Expired 24 
   Insufficient Address 10 
   Moved 3 
   Not Deliverable 72 
   No Mail Receptacle 107 
   Not at Address 1 
   No Such Number 30 
   No Such Street 3 
   Return to Sender 2 
   Unclaimed 1 
   Unable to Forward 65 
   Vacant 3 
   Postcard Returned as Undeliverable  28 
Total 376 
  
Not Applicable to Addressee 
   Leased out Land 7 
   No Acreage (but in Citrus Industry) 5 
   No Citrus 10 
   No Commercial Production (Personal Use Only) 24 
   No Longer Producing Citrus 24 
   Not Client of Farm Manager 3 
   Retired 1 
   Sold Land 14 
Total 88 
  
Reported on Another Survey 15 
  
Total 479 
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Table 2.  Summary Statistics of Respondents’ Reported Acreage by Crop Type and Type of 
Production vs. USDA Statistics (n = 422) 

 Respondents California 

Variety Mean 
Acres  

St. 
Dev. Min Max Total 

% of 
Total 
Acres 

2007 
Census 

% of 
Acres 

2008 
Citrus 

Acreage 
Survey % 

of Acres 
Conventional        
Orange 50.7 245.5 0.0 3800.0 21363.9 62.6% 70.0% 67.1% 
Lemon 16.1 105.3 0.0 1868.0 6781.0 19.9% 17.6% 17.2% 
Mandarins 7.7 75.7 0.0 1350.0 3228.1 9.5% 7.1% 11.6% 
Grapefruit 2.7 23.3 0.0 450.0 1145.5 3.4% 3.5% 3.4% 
Tangelos 1.7 25.0 0.0 500.0 704.2 2.1% 1.5%  
Tangors 0.0 0.8 0.0 17.0 17.2 0.1%   
Other 0.4 2.6 0.0 40.0 184.6 0.5% 0.3% 0.8% 
         
Certified Organic        
Orange 0.8 4.7 0.0 60.0 321.5 0.9%   
Lemon 0.4 3.5 0.0 52.4 160.2 0.5%   
Mandarins 0.2 2.0 0.0 40.0 66.9 0.2%   
Grapefruit 0.3 3.4 0.0 68.0 125.1 0.4%   
Tangelos 0.0 0.2 0.0 3.0 7.3 0.0%   
Tangors 0.0 0.0 0.0 2.0 2.0 0.0%   
Other 0.0 0.2 0.0 3.5 4.5 0.0%   
Total 
(n=422)         34112.0   303101.0 271281.0 

Souces: USDA, 2007; USDA, 2008 
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Table 3.  Distribution of Respondents’ Total Citrus Production Acres vs. Agricultural 
Census Statistics (n = 422) 

Acres Percent of 
Respondents 

Percent of Growers 
in 2007 Census 

0.1-0.9 10.3 13.8 
0.1-4.9 26.6 34.3 
5-14.9 23.5 19.9 
15-24.9 11.0 9.0 
25-49.9 9.2 9.1 
50-99.9 7.4 6.3 
100-249.9 6.0 4.9 
250-499.9 2.5 1.6 
500-749.9 1.8 0.4 
750-999.9 0.4 0.1 
1,000+ 1.3 0.6 

Source: USDA, 2007 
 
Table 4a.  Average Percentage of Respondents’ Output Sold to Outlet (n = 415) 

Outlet Mean Standard 
Deviation Minimum Maximum 

Packer or Shipper 65.1 46.6 0.0 100.0 
Other 8.7 26.9 0.0 100.0 
Farmers' Market/Fruit Stand 8.1 25.8 0.0 100.0 
Processor 6.3 23.3 0.0 100.0 
Grocery Wholesaler/Distributor 3.5 16.9 0.0 100.0 
Broker 3.0 16.0 0.0 100.0 
Grocery Retailer 1.6 10.7 0.0 100.0 
Community Supported Agriculture 
Boxes 0.7 6.9 0.0 100.0 

Grocery Cooperative 0.5 6.3 0.0 100.0 
 
Table 4b.  Average Percentage of Respondents’ Output Sold to Output for Farms with Less 
than or Equal to 10 Acres and Farms with More than 10 Acres (n = 415) 

Mean Outlet 
Acres  ≤ 10 Acres > 10 

Packer or Shipper 47.8 84.3 
Other 7.6 2.2 
Farmers' Market/Fruit Stand 13.1 2.3 
Processor 8.1 4.1 
Grocery Wholesaler/Distributor 4.8 1.9 
Broker 3.5 2.4 
Grocery Retailer 2.1 1.1 
Community Supported Agriculture Boxes 1.3 0.0 
Grocery Cooperative 0.4 0.5 
  n = 220 n = 195 
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Table 5a.  Percentage of Respondents without Pest Present, with Pest Present but without 
Insecticide Application, and with Pest Present with Pesticide Application 

 Pest Pest Not 
Present 

Pest Present,  
No Insecticide 

Pest Present, 
Insecticide 

Applied 

Number of 
Respondents 

Thrips  45.2% 24.2% 30.6% 389 
Red Scale  52.3% 28.9% 18.8% 394 
Red Mite  69.4% 23.5% 7.1% 393 
Cottony Cushion Scale  70.1% 27.1% 2.8% 391 

 

Table 5b. Percentage of Growers without Pest Present, with Pest Present but without 
Insecticide Application, and with Pest Present with Pesticide Application for Farms with 
Less than or Equal to 10 Acres of Citrus and Farms with More than 10 Acres of Citrus 

Pest 

  

Pest Not 
Present 

Pest 
Present, 

No 
Insecticide 

Pest 
Present, 

Insecticide 
Applied 

Number of 
Respondents 

≤ 10 Acres 60.29% 27.45% 12.25% 204 Thrips 
> 10 Acres 28.65% 20.54% 50.81% 185 
≤ 10 Acres 65.69% 26.96% 7.35% 204 Red Scale 
> 10 Acres 37.89% 31.05% 31.05% 190 
≤ 10 Acres 77.56% 20.98% 1.46% 205 Red Mite 
> 10 Acres 60.5% 26.3% 13.2% 190 
≤ 10 Acres 77.34% 22.17% 0.49% 203 Cottony 

Cushion Scale > 10 Acres 62.23% 32.45% 5.32% 188 
 

Table 6.  Percentage of Growers Reporting that the Natural Enemy is Naturally Occurring, 
Not Naturally Occurring, or They Do Not Know 

 Natural Enemy Naturally 
Occurring 

Not Naturally 
Occurring Unknown Number of 

Respondents 
Vedalia Beetle  26.8% 24.6% 48.6% 284 
Aphytis Melinus  22.3% 26.5% 51.3% 310 
Euseius Tularensis  21.9% 21.0% 57.1% 329 
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Table 7. Summary Statistics of Respondents’ Natural Enemy Releases (N = 422) 
If Releasing 

  

Number 
Releasing 

Average 
Number of 

Releases 

Standard 
Deviation Min Max 

Aphytis Melinus 47.0 4.1 3.8 1.0 18.0 
Cryptolaeumus 
Montrouzieri 15.0 1.7 1.0 1.0 4.0 

Other  15.0 1.7 1.1 1.0 4.0 
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Table 8.  Grower Characteristics  

  Mean St. 
Dev. Min Max Number of 

Respondents 

Education  

College 
Degree 

 
 

Some 
High 

School 

Graduate or 
Professional 

Degree 
393 

Age  64.2 12.8 24.0 94.0 384 
Years Managing Current 
Farm  22.8 15.0 1.0 85.0 394 

Years Managing Any Farm 25.7 15.7 1.0 85.0 394 
Percent Income from Farming  32.8 36.9 -15.0 100.0 373 
Percent Income from Citrus  25.9 33.0 -4.0 100.0 375 
      
  Percent       
Female  18.0    389 
Ethnicity      
     White  86.4    389 
     Asian or Asian American 3.6    389 
     Black 0.3    389 
     Hispanic, Spanish, Latino 6.4    389 
     American Indian or Native   
     American 0.5    389 

     Other11 3.3       389 
Most Important Source of Pest Control 
Information    

     Crop Consultant or Pest  
     Control Advisor 56.0    343 

     Extension Advisors 13.7    343 
     Other Growers 8.2    343 
     Farm Suppliers or  
     Chemical Dealers 7.3    343 

     Other Source 6.7    343 
     Extension Publications 4.4    343 
     Organic Certifying Agent 3.8    343 
     Newsletters, Trade      
     Magazines 1.2    343 

 
 
 
 
 
 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	  The majority of respondents in the “other” category entered “human” or “American” as their 
race.  Essentially, these respondents declined to report their race.	  



	   67	  

 
Table 9.a.  Summary Statistics of County-Level Pesticide Use Reporting Data, 2008  
(pounds of active ingredient per 100,000 acres of county land area) 
 Toxic to  
  Beetle Mite Wasp  Mean St. 

Dev. Min Max 

Citrus 10.0 12.7 0.0 29.7 Acetamiprid X  X Non-Citrus 44.1 55.2 0.3 227.7 
Citrus 32.4 47.4 0.0 105.1 Buprofezin X   Non-Citrus 175.0 212.2 0.0 448.2 
Citrus 161.3 204.1 0.0 478.7 Carbaryl   X Non-Citrus 146.2 148.3 0.4 1250.6 
Citrus 1338.8 1166.6 0.0 2438.6 Chlorpyrifos   X Non-Citrus 1732.6 1786.9 15.9 10787.3 
Citrus 9.7 14.4 0.0 32.2 Cyfluthrin X X X Non-Citrus 51.5 45.7 2.0 462.6 
Citrus 417.4 637.8 0.0 1424.2 Dimethoate  X  Non-Citrus 213.1 263.9 1.4 2021.7 
Citrus 54.6 81.7 0.0 182.9 Fenpropathrin X X X Non-Citrus 69.6 71.8 0.0 455.5 
Citrus 93.6 135.8 0.0 182.9 Formetanate   

Hydrochloride  X  Non-Citrus 69.4 101.8 0.0 346.5 
Citrus 92.6 113.9 0.0 266.5 Imidacloprid X   Non-Citrus 235.7 153.5 2.9 770.7 
Citrus 42.9 63.8 0.0 142.1 Methidathion   X Non-Citrus 28.8 62.6 0.0 328.8 
Citrus 26.8 39.5 0.0 88.9 Pyriproxyfen X   Non-Citrus 10.8 7.9 0.0 40.0 

Source: PUR, 2008 
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Table 9.b.  Summary Statistics of County-Level Pesticide Use Reporting Data, Average of 
2004 - 2008  
(pounds of active ingredient per 100,000 acres of county land area) 

    Mean St. Dev. Min Max 
Citrus 11.3 14.7 0.0 34.2 

Acetamiprid Non-Citrus 42.0 49.3 0.1 463.3 
Citrus 2.6 4.0 0.0 10.7 

Buprofezin Non-Citrus 17.6 22.0 0.0 63.1 
Citrus 219.6 296.9 0.0 684.0 

Carbaryl Non-Citrus 168.4 129.6 13.1 677.5 
Citrus 1403.4 1290.3 3.6 3092.2 

Chlorpyrifos Non-Citrus 2126.5 2012.9 24.1 11473.7 
Citrus 19.5 28.2 0.0 63.4 

Cyfluthrin Non-Citrus 62.3 34.9 6.3 283.1 
Citrus 348.6 528.4 0.0 1182.4 

Dimethoate Non-Citrus 218.9 224.3 5.5 1626.8 
Citrus 53.0 80.1 0.0 179.1 

Fenpropathrin Non-Citrus 64.7 56.7 0.0 233.0 
Formetanate   Citrus 65.1 94.0 0.0 209.3 
Hydrochloride Non-Citrus 59.3 83.0 0.0 219.4 

Citrus 88.1 75.9 0.0 163.7 
Imidacloprid Non-Citrus 285.6 245.9 8.6 1878.3 

Citrus 41.3 59.9 0.0 134.4 
Methidathion Non-Citrus 46.8 58.7 0.0 165.9 

Citrus 0.8 1.2 0.0 3.1 
Pyriproxyfen Non-Citrus 46.8 58.7 0.0 165.9 

Source: PUR 2004-2008 
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Table 10.  Summary Statistics of Weather Station Degree-Day Data 
(Weighted by the Number of Respondents per Station)  

  

Mean  
Degree-Days 

Feb. 25 - Oct. 26 

Standard 
Deviation Minimum Maximum 

California Red Scale     
     2009  3604.1    795.2 1405.3 6508.0 
     2008 3735.8 774.1 1543.8 6577.3 
     2007 3541.4 814.4 1359.3 6395.8 
     2006 3560.7 775.0 1134.6 6396.6 
     2005 3492.2 738.0 1140.5 6285.0 
     2004 3750.2 760.4 1446.6 6587.3 
Aphytis Melinus    
     2009  4191.8 700.6 2055.9 6540.5 
     2008 4302.4 659.0 2192.8 6576.0 
     2007 4147.7 714.1 2012.6 6473.2 
     2006 4123.5 653.8 1833.4 6342.9 
     2005 4111.4 624.7 1859.4 6386.4 
     2004 4383.9 647.8 2174.7 6700.0 
Citrus Thrips     
     2009  2639.4 758.4 717.0 5360.3 
     2008 2639.4 758.4 717.0 5431.8 
     2007 2589.8 764.3 675.1 5238.5 
     2006 2606.5 738.8 423.8 5278.4 
     2005 2516.8 706.3 411.4 5134.2 
     2004 2742.3 724.2 652.2 5399.6 

Source: UC IPM, 2007 
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Figure 1.  Insect Presence and Pesticide Application Decision Flow Chart Indicating 
Sections Discussing Three Components 
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Figure 2.  Specifications for Natural Enemy Presence Model, Applied to Vedalia Beetle and 
Aphytis melinus 
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Figure 3.  Specifications for Pesticide Application Model, Applied to Red Scale and Thrips 
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Figure 4.  Specifications for IPM Compatibility Model, Applied to Red Scale and Thrips 
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Table 11a.  Hypotheses for Three Sets of Models  

 
Probability of 

Natural Enemy 
Presence 

Probability of 
Pesticide 

Application 

IPM 
Compatibility 

Level 

Models Probit 
Spatial 
Lag, 
Error 

Probit 
Spatial 
Lag, 
Error 

Ordered 
Probit 

Spatial 
Lag, 
Error 

Pesticides Toxic to Relevant Enemy 
     Own Use D.V.s (Base:  
     No Use) - -     

     County-Level Use - N/A + N/A - N/A 
Pest Degree-Days + + + + +/- +/- 
Enemy Degree-Days + + - - + + 
Combined Pest Pressure     - - 
Use of Enemy D.V.   - -   
Citrus Crop Type D.V.s  
(Base: Oranges Only) +/- +/- +/- +/- +/- +/- 

Organic Production D.V. + + - - + + 
Cultural Control D.V.’s + +     
Total Citrus Acres + + +/- +/- +/- +/- 
Total Acres +/- +/- +/- +/- +/- +/- 
Production Outlet (Base: Packer/Shipper)     
     Processor   - - +/- +/- 
     Other   +/- +/- +/- +/- 
No Commercial Prod. D.V.   - - +/- +/- 
Education   +/- +/- +/- +/- 
Experience   +/- +/- +/- +/- 
Primary Information Source D.V.’s 
(Base: Crop Consultant/Pest 
Control Advisor) 

     

     Extension Agent   +/- +/- +/- +/- 
     Extension Publications   +/- +/- +/- +/- 
     Other Growers   +/- +/- +/- +/- 
     Farm/Chemical  
     Suppliers   + + - - 

     Other    +/- +/- +/- +/- 
Female D.V.   - - + + 
Race D.V.’s (Base: White)       
     Asian   - - + + 
     Hispanic   - - + + 
     Other   - - + + 
+ indicates positive coefficient hypothesized 
- indicates negative coefficient hypothesized 
+/- indicates either sign possible 
No sign indicates that that variable is not included in the model 
D.V.: Dummy Variable 
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Table 11b. Summarized Results  

 
Probability of 

Natural Enemy 
Presence 

Probability of 
Pesticide 

Application 

IPM 
Compatibility 

Level 

Models Probit 
Spatial 
Lag, 
Error 

Probit 
Spatial 
Lag, 
Error 

Ordered 
Probit 

Spatial 
Lag, 
Error 

Pesticides Toxic to Relevant Enemy 
     Own Use D.V.’s (Base:  
     No Use) - +/-     

     County-Level Use +/-  +/-  +/- N/A 
Pest Degree-Days - +/- - + +/- +/- 
Enemy Degree-Days + + +  - + 
Combined Pest Pressure     - - 
Use of Enemy D.V.   - -   
Citrus Crop Type D.V.’s  
(Base: Oranges Only) + +/- +/- + +/- +/- 

Organic Production D.V.   - - + + 
Cultural Control D.V.’s +/- +     
Total Citrus Acres + +   + +/- 
Total Acres + + +/-  - +/- 
Production Outlets (Base: Packer/Shipper)     
     Processor   +/- +  +/- 
     Other   - -  +/- 
No Commercial Prod. D.V.   - -  +/- 
Education     + +/- 
Experience     - +/- 
Primary Information Source D.V.’s 
(Base: Crop Consultant/Pest 
Control Advisor) 

     

     Extension Agent    - + +/- 
     Extension Publications   - - +/- +/- 
     Other Growers   -  + +/- 
     Farm/Chemical  
     Suppliers     - - 

     Other     - + +/- 
Female D.V.   -  + +/- 
Race D.V.’s (Base: White)       
     Asian    + + - 
     Hispanic   - - + + 
     Other     + - 
+ indicates statistically significant positive coefficient 
- indicates statistically significant negative coefficient 
+/-‐	  indicates	  both	  statistically	  significant	  positive	  and	  negative	  coefficients	  found	  across	  
specifications	  
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Table 12.  Presence of the Vedalia Beetle Probit Models (N = 140) 

  Estimated Parameters, 2008 PUR Data Estimated Parameters, Average of 
2004-2008 PUR Data 

County-Level 
Pesticide 
Use: 

Total Use Citrus Use Non-Citrus 
Use Total Use Citrus Use Non-

Citrus Use 

       
Variable       
Individual Grower (Binary)     
Cyfluthrin 0.1335 0.1326 0.1395 0.2100 0.1156 0.1506 
 (0.2621) (0.2508) (0.2616) (0.2425) (0.2547) (0.2603) 
Imidicloprid -0.1754 -0.2006 -0.1734 -0.2735 -0.1844 -0.2387 
 (0.6483) (0.6628) (0.6477) (0.6717) (0.652) (0.6682) 
Pyriproxifen -0.2362 -0.2395 -0.2339 -0.1843 -0.2521 -0.2766 
 (0.3529) (0.3562) (0.3540) (0.3957) (0.3572) (0.3241) 
County-Level Pounds Per Acre of County Land    
Acetamiprid 0.0116 -3.4400 -0.0041 -0.0002 4.8199** 0.0289* 
 (0.0205) (20.3993) (0.0118) (0.0074) (1.9016) (0.0158) 
Buprofezin -0.0311 188.2913*** -0.0386* -0.0076 10.1093 0.0456*** 
 (0.0350) (72.0820) (0.0199) (0.0302) (6.2797) (0.0160) 
Cyfluthrin 0.0594* 31.9024* 0.0676*** -0.0050* 1.7416 -0.0047* 
 (0.0307) (17.4300) (0.0209) (0.0027) (1.3230) (0.0025) 
Fenpropathrin 0.0006 -3.6973* 0.0241 0.0137 -0.3604 -0.0280 
 (0.0180) (2.1486) (0.0177) (0.0088) (0.3238) (0.0180) 
Imidicloprid -0.0080 0.0892 -0.0077*** -0.0021 0.0072 0.0002 
 (0.0050) (0.0610) (0.0022) (0.0026) (0.0916) (0.0025) 
Pyriproxifen 0.1416 -61.6054*** 0.1545* -0.0018 -39.5104 -0.1080 
  (0.0908) (19.6081) (0.0845) (0.0803) (24.6410) (0.0712) 
Scale Degree 
Days 0.0002 0.0003 0.0002 0.0002 0.0002 0.0002 

 (0.0002) (0.0002) (0.0002) (0.0002) (0.0002) (0.0002) 
Lemon 0.1038 0.0921 0.0926 0.0308 0.0803 0.0616 
 (0.2705) (0.2847) (0.2780) (0.2812) (0.2812) (0.2743) 
Grapefruit 0.0340 0.1333 0.0243 0.1186 0.1089 0.1346 
 (0.1836) (0.1613) (0.1769) (0.1728) (0.1682) (0.1725) 
Mandarin 0.6320 0.7031** 0.6213* 0.7048* 0.6810** 0.7266** 
 (0.3462) (0.3270) (0.3360) (0.3320) (0.3358) (0.3313) 
Tangelo 0.3622* 0.3173 0.3725 0.4037 0.3152 0.4082 
 (0.4496) (0.4290) (0.4374) (0.4258) (0.4412) (0.4333) 
Other 0.0664 0.0801 0.0514 -0.0177 0.0892 -0.0314 
 (0.1425) (0.1392) (0.1523) (0.1998) (0.1355) (0.2092) 
Organic 0.2137 0.2370 0.2094 0.2732 0.2133 0.2387 
 (0.2968) (0.2811) (0.2958) (0.2763) (0.2805) (0.2743) 
Total Citrus 
Acres 0.0031 0.0033** 0.0030* 0.0032** 0.0035** 0.0033** 

 (0.0016) (0.0017) (0.0016) (0.0016) (0.0016) (0.0016) 
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Total Citrus 
Acres2 -4.2x10-7 -1.1 x10-6** -4.2 x10-7 -4.7 x10-7 -1.0 x10-6** -4.8 x10-7 

 (4.8 x10-7) (4.7 x10-7) (4.6 x10-7) (4.5 x10-7) (4.1 x10-7) (4.2 x10-7) 
Total Acres 0.0003 0.0003 0.0003 0.0001 0.0001 3.9 x10-5 
 (0.0011) (0.0010) (0.0011) (0.0010) (0.0010) (0.0009) 
Total Acres2 -1.1 x10-8 -1.4 x10-8 -2.5 x10-8 -7.1 x10-9 -4.3 x10-8 -1.9 x10-9 
 (1.8 x10-7) (1.7 x10-7) (1.8 x10-7) (1.1 x10-7) (1.8 x10-7) (1.6 x10-7) 
Cover Crop 0.3630 0.5107 0.3596 0.5152 0.4497 0.5385 
 (0.5013) (0.4308) (0.5051) (0.4527) (0.4632) (0.4449) 
Hedgerow 0.0715 -0.0954 0.0691 -0.1425 -0.0257 -0.1566 
 (0.8121) (0.7864) (0.8098) (0.7710) (0.7818) (0.7600) 
Constant -1.8052** -2.0855** -1.9853** -1.5597** -1.8308** -1.2322* 
 (0.7665) (0.8265) (0.8362) (0.7850) (0.8005) (0.6946) 
Pseudo R2 0.2431 0.2417 0.2419 0.2360 0.2409 0.2360 
*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Cluster-robust standard errors reported in parentheses. 
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Table 13.  Presence of Aphytis melinus Probit Model (N = 135) 

  Estimated Parameters, 2008 PUR Data Estimated Parameters, Average of 2004-2008 
PUR Data 

County-Level 
Pesticide Use: Total Use Citrus Use Non-Citrus Use Total Use Citrus Use Non-Citrus 

Use 
       
Variable       
Individual Grower (Binary)      
Chlorpyrifos 0.4830 0.5102 0.4881 0.4704 0.4907 0.5567 
 (0.7928) (0.7754) (0.7776) (0.7869) (0.7956) (0.8102) 
Cyfluthrin -0.2725** -0.2965*** -0.2749*** -0.3308*** -0.2893*** -0.3122*** 
 (0.1172) (0.0870) (0.1026) (0.0871) (0.0783) (0.1021) 
County-Level Pounds Per Acre of County Land    
Acetamiprid -0.0127 -40.5872 0.0067 -0.0069* 7.1029 -0.0144 
 (0.0123) (43.1822) (0.0188) (0.0037) (5.8202) (0.0091) 
Carbaryl 0.0098 0.8183 0.0104 0.0039 -0.1021 0.0074 
 (0.0096) (0.9780) (0.0155) (0.0030) (0.1117) (0.0057) 
Chlorpyrifos 0.0001 0.0537 0.0001 0.0003 -0.0140 0.0005 
 (0.0003) (0.0536) (0.0004) (0.0003) (0.0111) (0.0005) 
Cyfluthrin -0.0007 -15.6258 0.0010 -0.0018 -0.5266 0.0022 
 (0.0123) (16.7820) (0.0106) (0.0064) (0.4487) (0.0067) 
Fenpropathrin -0.0031 7.6362 -0.0086 0.0008 -0.9450 0.0080* 
 (0.0104) (8.0838) (0.0185) (0.0049) (0.7626) (0.0046) 
Methidathion -0.0330** -1.4645 -0.0456 -0.0208*** 0.5396 -0.0311** 
  (0.0148) (1.7823) (0.0591) (0.0059) (0.5153) (0.0152) 
Scale Degree 
Days -0.0024 -0.0025 -0.0025 -0.0031 -0.0035* -0.0034 
 (0.0018) (0.0018) (0.0019) (0.0019) (0.0020) (0.0021) 
Wasp Degree 
Days 0.0040** 0.0044** 0.0041** 0.0049* 0.0057** 0.0057** 
 (0.0017) (0.0020) (0.0020) (0.0026) (0.0027) (0.0029) 
Lemon 0.1723 0.1833 0.1790 0.1839 0.1557 0.2072 
 (0.4622) (0.4546) (0.4609) (0.4551) (0.4650) (0.4436) 
Grapefruit 0.6333* 0.5373* 0.6106** 0.546* 0.4207 0.4412 
 (0.3253) (0.2916) (0.2974) (0.3232) (0.2853) (0.3280) 
Mandarin -0.1701 -0.0870 -0.1604 -0.0595 -0.0481 -0.0631 
 (0.3137) (0.3562) (0.3312) (0.3599) (0.3623) (0.3554) 
Tangelo -0.1131 -0.2055 -0.1192 -0.1256 -0.1658 -0.1160 
 (0.5457) (0.5934) (0.5666) (0.5681) (0.5337) (0.5525) 
Organic 0.1832 0.0988 0.1742 0.2769 0.1602 0.1989 
 (0.4597) (0.4520) (0.4711) (0.4063) (0.4300) (0.3871) 
Total Citrus 
Acres 0.0013 0.0013 0.0013 0.0003 0.0005 -0.0001 
 (0.0025) (0.0027) (0.0025) (0.0028) (0.0030) (0.0031) 
Total Citrus 
Acres2 -4.3 x10-6** -4.4 x10-6** -4.3 x10-6* -4.6 x10-6* -4.2 x10-6* -4.4 x10-6** 
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 (2.1 x10-6) (2.3 x10-6) (2.2 x10-6) (2.4 x10-6) (2.3 x10-6) (2.2 x10-6) 
Total Acres 0.0034*** 0.0035*** 0.0035*** 0.0049*** 0.0044*** 0.0053*** 
 (0.0010) (0.0012) (0.0011) (0.0018) (0.0017) (0.0020) 
Total Acres2 -7.0 x10-7*** -7.0 x10-7*** -7.1 x10-7*** -8.8 x10-7*** -8.3 x10-7*** -9.6 x10-7*** 
 (1.5 x10-7) (1.7 x10-7) (1.6 x10-7) (2.6 x10-7) (2.3 x10-7) (2.9 x10-7) 
Cover Crop 1.2616*** 1.3799*** 1.2637*** 1.2028*** 1.2529*** 1.2139*** 
 (0.3004) (0.3639) (0.3060) (0.3036) (0.3096) (0.3079) 
Hedgerow -1.0976*** -1.1783*** -1.0967*** -1.0237*** -1.0301*** -0.9887*** 
 (0.2978) (0.3087) (0.2959) (0.3132) (0.3023) (0.2988) 
Constant -9.2918*** -11.0599*** -9.5674*** -10.8952*** -11.7841*** -13.1061** 
 (3.0886) (3.5918) (3.0292) (4.9313) (4.4552) (5.5283) 
Pseudo R2 0.2392 0.2367 0.2397 0.2297 0.2365 0.2191 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Cluster-robust standard errors reported in parentheses. 
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Table 14.  Presence of the Vedalia Beetle Spatial Lag and Error Models (N = 120) 
  Band Size: 100 Band Size: 250 Band Size: 400 
 Variable lag error lag error lag error 
Individual Grower (Binary)     
Acetamiprid -0.0408 0.1866 -0.0400 0.2050 -0.0398 0.2080 
 (0.2110) (0.2341) (0.2074) (0.2347) (0.2079) (0.2369) 
Cyfluthrin 0.0081 -0.0275 0.0009 -0.0240 0.0027 -0.0216 
 (0.1744) (0.1751) (0.1745) (0.1753) (0.1743) (0.1749) 
Fenprofezin 0.1993 0.0675 0.1978 0.0626 0.1933 0.0547 
 (0.2388) (0.2375) (0.2355) (0.2343) (0.2363) (0.2359) 
Imidathion 0.1346 0.1944 0.1331 0.1874 0.1349 0.1924 
 (0.1365) (0.1368) (0.1367) (0.1353) (0.1369) (0.1360) 
Pyriproxifen -0.1415 -0.1186 -0.1416 -0.1144 -0.1388 -0.1110 
 (0.1662) (0.1634) (0.1660) (0.1630) (0.1664) (0.1633) 
Scale Degree Days 0.0002*** 0.0003*** 0.0002*** 0.0002*** 0.0002*** 0.0003*** 
 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 
Lemon 0.0947 0.0572 0.0956 0.0547 0.0971 0.0569 
 (0.0918) (0.0866) (0.0916) (0.0865) (0.0916) (0.0864) 
Grapefruit 0.0264 0.0831 0.0287 0.0841 0.0227 0.0772 
 (0.1002) (0.0979) (0.0997) (0.0970) (0.0998) (0.0970) 
Mandarin 0.2571** 0.2878*** 0.2591*** 0.2871*** 0.2611*** 0.2929*** 
 (0.0991) (0.0947) (0.0991) (0.0938) (0.0990) (0.0934) 
Tangelo -0.0942 -0.0075 -0.0899 -0.0019 -0.0920 -0.0071 
 (0.1332) (0.1348) (0.1319) (0.1345) (0.1326) (0.1354) 
Other 0.0183 0.0002 0.0145 0.0022 0.0161 0.0042 
 (0.1578) (0.1602) (0.1570) (0.1601) (0.1581) (0.1612) 
Organic -0.1126 -0.0584 -0.1189 -0.0430 -0.1212 -0.0457 
 (0.1046) (0.1176) (0.1016) (0.1182) (0.1018) (0.1187) 
Total Citrus Acres 0.0001 -1.1 x10-5 0.0001 -2.3 x10-5 0.0001 -3.9 x10-8 
 (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) 
Total Citrus Acres2 -1.7 x10-8 8.0 x10-9 -1.6 x10-8 8.5 x10-9 -1.6 x10-8 1.2 x10-8 
 (6.8 x10-8) (5.8 x10-8) (6.8 x10-8) (6.1 x10-8) (6.8 x10-8) (6.1 x10-8) 
Total Acres 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 
Total Acres2 -1.4 x10-8 -1.4 x10-8 -1.3 x10-8 -1.5 x10-8 -1.3 x10-8 -1.6 x10-8 
 (2.0 x10-8) (1.7 x10-8) (2.0 x10-8) (1.8 x10-8) (2.0 x10-8) (1.8 x10-8) 
Cover Crop -0.0185 0.0168 -0.0096 0.0117 -0.0092 0.0164 
 (0.1073) (0.1044) (0.1068) (0.1066) (0.1066) (0.1056) 
Hedgerow 0.4126** 0.4024*** 0.394** 0.4145*** 0.3981** 0.418*** 
 (0.1680) (0.1528) (0.1568) (0.1552) (0.1564) (0.1533) 
Constant -0.4428* -0.5693** -0.482* -0.5666** -0.4856** -0.5736** 
 (0.2392) (0.2693) (0.247) (0.2389) (0.2479) (0.2412) 
Rho 0.282** 0.4711*** 0.2969** 0.498*** 0.3027** 0.5079*** 
 (0.1278) (0.1516) (0.1310) (0.1528) (0.1354) (0.1580) 
Sigma 0.4109 0.3988 0.4106 0.3979 0.4108 0.3979 

*, **, and *** indicate significance at the 10%, 5%, and 1% level. 
Robust standard errors reported in parentheses. 
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Table 15.  Presence of Aphytis Melinus Spatial Lag and Spatial Error Models (N = 127) 
  Band Size: 102 Band Size: 250 Band Size: 400 
 Variable lag error lag error lag error 
Individual Grower (Binary)     
Acetamiprid 0.9799*** 1.0871* 0.9894*** 1.1571* 0.9898*** 1.1593* 
 (0.2312) (0.6000) (0.2382) (0.6473) (0.2383) (0.6426) 
Chlorpyrifos 0.4465*** 0.4313** 0.4459*** 0.4200** 0.4460*** 0.4191** 
 (0.1609) (0.1877) (0.1609) (0.1921) (0.1608) (0.1925) 
Cyfluthrin -0.1163 -0.1064 -0.1154 -0.0972 -0.1150 -0.0969 
 (0.1455) (0.1671) (0.1452) (0.1749) (0.1453) (0.1745) 
Fenpropathrin -0.7258*** -0.8014** -0.7318*** -0.8482** -0.7322*** -0.8503** 
 (0.1398) (0.3816) (0.1447) (0.4122) (0.1447) (0.4101) 
Methidathion 0.1411 0.1713 0.1464 0.2039 0.1462 0.2044 
 (0.2319) (0.3614) (0.2340) (0.3889) (0.2340) (0.3870) 
Scale Degree Days -0.0010* -0.0012 -0.0011* -0.0012 -0.0011* -0.0012 
 (0.0006) (0.0008) (0.0006) (0.0008) (0.0006) (0.0008) 
Wasp Degree Days 0.0013** 0.0015 0.0014** 0.0016 0.0014** 0.0016* 
 (0.0006) (0.0009) (0.0006) (0.0010) (0.0006) (0.0009) 
Lemon 0.0832 0.0796 0.0838 0.0799 0.0838 0.0799 
 (0.1006) (0.1005) (0.1009) (0.1009) (0.1009) (0.1008) 
Grapefruit 0.0930 0.1043 0.0960 0.1130 0.0951 0.1119 
 (0.1226) (0.1429) (0.1233) (0.1438) (0.1232) (0.1419) 
Mandarin 0.0533 0.0679 0.0538 0.0746 0.0541 0.0763 
 (0.0985) (0.1168) (0.0985) (0.1172) (0.0986) (0.1193) 
Tangelo -0.1396 -0.1237 -0.1397 -0.1152 -0.1397 -0.1159 
 (0.1715) (0.1858) (0.1711) (0.1856) (0.1711) (0.1845) 
Other -0.6294*** -0.6343*** -0.6289*** -0.6307*** -0.6287*** -0.6308*** 
 (0.0892) (0.0919) (0.0888) (0.0936) (0.0887) (0.0938) 
Organic -0.0603 -0.0587 -0.0620 -0.0559 -0.0622 -0.0557 
 (0.1234) (0.1237) (0.1231) (0.1264) (0.1231) (0.1263) 
Total Citrus Acres 0.0015* 0.0015 0.0015* 0.0015 0.0015* 0.0015 
 (0.0009) (0.0010) (0.0009) (0.0010) (0.0009) (0.0010) 
Total Citrus Acres2 -1.6 x10-6** -1.6 x10-6** -1.6 x10-6** -1.6 x10-6** -1.6 x10-6** -1.6 x10-6** 
 (8.2 x10-7) (8.2 x10-7) (8.2 x10-7) (8.1 x10-7) (8.2 x10-7) (8.2 x10-7) 
Total Acres 0.0003** 0.0003* 0.0003** 0.0003* 0.0003** 0.0003* 
 (0.0001) (0.0002) (0.0001) (0.0002) (0.0001) (0.0002) 
Total Acres2 -8.5 x10-8*** -8.0 x10-8** -8.5 x10-8*** -7.7 x10-8** -8.5 x10-8*** -7.7 x10-8** 
 (2.6 x10-8) (3.3 x10-8) (2.6 x10-8) (3.4 x10-8) (2.6 x10-8) (3.4 x10-8) 
Cover Crop 0.3141*** 0.3064*** 0.3132*** 0.3023*** 0.3134*** 0.3058*** 
 (0.1057) (0.1107) (0.1059) (0.1117) (0.1059) (0.1093) 
Hedgerows 0.0897 0.1047 0.0918 0.1141 0.0924 0.1126 
 (0.2678) (0.2678) (0.2662) (0.2645) (0.2663) (0.2638) 
Constant -1.5800** -1.7081 -1.6122** -1.8113 -1.6139** -1.8070 
 (0.6948) (1.0601) (0.7089) (1.1238) (0.7091) (1.1014) 
Rho 0.0967 0.1264 0.1069 0.1762 0.1087 0.1804 
 (0.1511) (0.3725) (0.1620) (0.3995) (0.1643) (0.4017) 
Sigma 0.4274 0.4274 0.4272 0.4266 0.4272 0.4265 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Robust standard errors reported in parentheses. 
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Table 16.  Pesticide Control of Red Scale Probit Model (N = 168) 

  Estimated Parameters, 2008 PUR Data Estimated Parameters, Average of 
2004-2008 PUR Data 

 County-Level 
Pesticide Use: Total Use Citrus Use Non-Citrus 

Use Total Use Citrus Use Non-Citrus 
Use 

       
Variable       

County-Level Pounds Per Acre of County Land    
Acetamiprid -0.0105* 7.9952 0.0309* -0.0088** -2.2415 0.0057 
 (0.0061) (5.9910) (0.0164) (0.0036) (2.1186) (0.0062) 
Carbaryl -0.0004 -0.1629 -0.0217 -0.0035* -0.0694 -0.0005 
 (0.0036) (0.1050) (0.0182) (0.0021) (0.0591) (0.0033) 
Chlorpyrifos 0.0006*** -0.0104 0.0014*** 0.0011*** 0.0081 0.0010** 
 (0.0002) (0.0082) (0.0005) (0.0002) (0.0075) (0.0005) 
Cyfluthrin 0.0053* 1.5831*** 0.0133** 0.0068 -0.3284 0.0056 
 (0.0032) (0.4811) (0.0054) (0.0046) (0.4222) (0.0053) 
Fenpropathrin -0.0060 -1.1044 -0.0167 -0.0078 0.6072 -0.0100 
 (0.0044) (0.7377) (0.0136) (0.0054) (0.5674) (0.0065) 
Methidathion -0.0019 0.1171 0.0129 -0.0089* 0.0846 -0.0276** 
 (0.0043) (0.0843) (0.0206) (0.0047) (0.1069) (0.0124) 
Scale Degree Days -0.0023* -0.0018 -0.0023* -0.0028** -0.0018 -0.0026** 
 (0.0012) (0.0014) (0.0012) (0.0011) (0.0013) (0.0011) 
Wasp Degree Days 0.0021 0.0022 0.0024 0.0030* 0.0024 0.0026* 
 (0.0015) (0.0015) (0.0014) (0.0014) (0.0015) (0.0014) 
Uses Wasp -0.6893* -0.7600* -0.748** -0.7448* -0.7407* -0.6835* 
  (0.3778) (0.3993) (0.3662) (0.3851) (0.3893) (0.3856) 
Production Outlets      
No Commercial -1.3089** -1.5837** -1.4141** -1.3127* -1.5742** -1.2518* 
 (0.6547) (0.7020) (0.7203) (0.7434) (0.7072) (0.7302) 
Processor -0.0118** -0.0139** -0.0108* -0.0100* -0.0139** -0.0098* 
 (0.0052) (0.0057) (0.0058) (0.0056) (0.0062) (0.0057) 
Non- Packer or 
Processor -0.0059 -0.0068 -0.0068 -0.0043 -0.0072 -0.0045 
 (0.0043) (0.0050) (0.0045) (0.0041) (0.0053) (0.0040) 
Crop       
Lemon 0.0955 0.1851 0.1884 0.1918 0.1769 0.1667 
 (0.3292) (0.2790) (0.3486) (0.3289) (0.2822) (0.3439) 
Grapefruit 0.0722 0.0310 0.0676 -0.0640 0.0864 -0.0979 
 (0.3855) (0.3680) (0.3941) (0.4396) (0.4205) (0.4391) 
Mandarin -0.0062 0.2636 -0.0732 0.0276 0.2280 0.0335 
 (0.3425) (0.2599) (0.3428) (0.3232) (0.2494) (0.3246) 
Tangelo -1.0994*** -1.2663*** -1.0997*** -1.0969*** -1.3022*** -0.9883*** 
 (0.3498) (0.3554) (0.3787) (0.3833) (0.4117) (0.3503) 
Other 0.6435** 0.8213 0.7727* 0.7497* 0.8277* 0.6302* 
 (0.3256) (0.5050) (0.4434) (0.4351) (0.4968) (0.3545) 
Organic -0.2035 -0.4630 -0.1615 -0.1183 -0.5625 -0.1712 
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 (0.3937) (0.4504) (0.4032) (0.3951) (0.4844) (0.3861) 
Total Citrus Acres 0.0012 0.0010 0.0013 0.0012 0.0010 0.0012 
 (0.0008) (0.0012) (0.0009) (0.0010) (0.0012) (0.0009) 
Total Citrus Acres2 -2.9 x10-8 -1.4 x10-8 -6.9 x10-8 -2.5 x10-8 -4.3 x10-8 -2.7 x10-8 
 (1.2 x10-7) (4.5 x10-7) (1.4 x10-7) (1.7 x10-7) (3.7 x10-7) (1.7 x10-7) 
Total Acres 0.0005** 0.0004 0.0005** 0.0005** 0.0005** 0.0005** 
 (0.0002) (0.0003) (0.0002) (0.0002) (0.0002) (0.0002) 
Total Acres2 -8.0 x10-8* -2.6 x10-8 -7.0 x10-8* -5.9 x10-8 -4.1 x10-8 -6.8 x10-8* 
 (4.4 x10-8) (5.1 x10-8) (4.1x10-8) (4.0 x10-8) (4.4 x10-8) (4.1 x10-8) 
Education -1.2826 -1.0952 -1.0795 -1.0764 -1.1673 -1.0980 
 (0.8998) (0.8256) (0.9995) (0.9116) (0.8321) (0.8685) 
Education2 0.1199 0.0976 0.1005 0.1011 0.1061 0.1034 
 (0.1100) (0.1006) (0.1206) (0.1106) (0.1014) (0.1065) 
Experience -0.0272 -0.0293 -0.0364 -0.0341 -0.0307 -0.0286 
 (0.0344) (0.0371) (0.0323) (0.0300) (0.0354) (0.0322) 
Experience2 0.0003 0.0004 0.0005 0.0004 0.0004 0.0003 
  (0.0005) (0.0006) (0.0005) (0.0005) (0.0005) (0.0005) 
Primary Information Source     
Extension Agent -0.8381 -0.5609 -1.0391 -0.8722 -0.6437 -0.7462 
 (0.6259) (0.5073) (0.6584) (0.5593) (0.4238) (0.5624) 
Extension 
Publications -0.1307 -0.2178 -0.1092 -0.3537 -0.1534 -0.3454 
 (0.5268) (0.5566) (0.5753) (0.5993) (0.6322) (0.5948) 
Other Growers -0.8461** -0.8168* -0.9356** -1.0671*** -0.8424* -0.9634** 
 (0.4034) (0.4677) (0.4709) (0.3897) (0.4800) (0.4109) 
Farm/Chemical 
Supplier -0.3762 0.2669 -0.8229 -0.8312 0.1624 -0.4211 
 (1.2432) (1.2806) (1.3044) (1.1417) (1.2654) (1.2170) 
Trade Magazines -1.1656 -0.9564 -1.4461* -1.3927* -0.8753 -1.2292 
 (0.8683) (0.9225) (0.8573) (0.8205) (0.9107) (0.8814) 
Other  -0.5497 -0.6767 -0.6406 -0.7636 -0.6324 -0.7195 
  (0.4718) (0.4502) (0.5471) (0.5244) (0.4840) (0.5018) 
Female -0.4543 -0.4529 -0.67** -0.6558** -0.5345* -0.4828 
 (0.3320) (0.3802) (0.2840) (0.3013) (0.2980) (0.3559) 
Asian -0.2330 0.1620 -0.0356 0.0303 0.1815 -0.0682 
 (0.7182) (0.6393) (0.6507) (0.7084) (0.6600) (0.6979) 
Hispanic -1.1906*** -1.1619*** -0.9484*** -1.0087*** -1.1388*** -1.0402*** 
 (0.2838) (0.3165) (0.3207) (0.3060) (0.2727) (0.3136) 
Other -0.2159 -0.6024 -0.1195 -0.3208 -0.5429 -0.3437 
 (0.3061) (0.4995) (0.2927) (0.3041) (0.5713) (0.3317) 
Constant 2.8902 0.9915 0.6259 -0.1573 -0.1119 0.9703 
 (2.7669) (1.7948) (3.1342) (2.1806) (2.2702) (2.1420) 
Pseudo R2 0.3013 0.3172 0.3208 0.3145 0.3164 0.2962 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Cluster-robust standard errors reported in parentheses. 
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Table 17.  Pesticide Control of Thrips Probit Model (N = 179) 

  Estimated Parameters, 2008 PUR Data Estimated Parameters, Average of 
2004-2008 PUR Data 

County-Level 
Pesticide Use: Total Use Citrus Use Non-Citrus 

Use Total Use Citrus Use Non-Citrus 
Use 

       
Variable       
County-Level Pounds Per 100,000 Acres of County Land    
Cyfluthrin -0.0196** -1.9075 -0.0100 -0.001 -0.3079*** -0.0038 
 (0.0098) (2.5406) (0.0076) (0.0037) (0.1091) (0.0042) 
Dimethoate 0.0010 0.0401 -0.0024** -0.0008 0.1911*** -0.0015*** 
 (0.0012) (0.0400) (0.0009) (0.0008) (0.0493) (0.0005) 
Fenpropathrin -0.0037* -0.2880* -0.001 -0.0038 -1.4354*** -0.0044 
 (0.0020) (0.1651) (0.0027) (0.0028) (0.3617) (0.0045) 
Formetanate 
Hydrochloride 0.0045 0.1944 0.0139*** 0.0102*** 0.2553*** 0.0134*** 
 (0.0029) (0.1789) (0.0030) (0.0030) (0.0649) (0.0024) 
Thrips Degree Days -0.0003 0.0001 0.0001 0.0000 -0.0004 0.0002 
 (0.0002) (0.0001) (0.0002) (0.0002) (0.0003) (0.0002) 
Uses Mite -0.4893 -0.5083 -0.4391* -0.5241* -0.6194* -0.5006* 
 (0.3168) (0.3116) (0.2659) (0.3063) (0.3292) (0.2878) 
Production Outlets      
No Commercial -1.7542*** -1.5726*** -1.6235*** -1.5922*** -2.1997*** -1.7332*** 
 (0.5908) (0.5133) (0.5789) (0.5083) (0.7387) (0.5601) 
Processor 0.0166*** 0.0074 0.0145*** 0.0070 0.0121* 0.0096 
 (0.0056) (0.0059) (0.0049) (0.0065) (0.0062) (0.0062) 
Non- Packer or 
Processor -0.0173*** -0.0155** -0.0165*** -0.0160*** -0.0174** -0.0163*** 
 (0.0054) (0.0060) (0.0053) (0.0055) (0.0069) (0.0055) 
Lemon 0.4636 0.2151 0.3096 0.2475 -0.1363 0.3415 
 (0.2947) (0.2800) (0.3311) (0.3456) (0.3333) (0.3625) 
Grapefruit 0.0369 0.4085 0.1625 0.2735 0.0134 0.2180 
 (0.7187) (0.7332) (0.6689) (0.6844) (0.6326) (0.7127) 
Mandarin 0.4867 0.3539 0.4098 0.4735 0.3799 0.4808 
 (0.3385) (0.3033) (0.3229) (0.3116) (0.3638) (0.3046) 
Tangelo -1.1494** -1.3096** -1.1650** -1.2743** -1.0037* -1.3336*** 
 (0.5131) (0.5060) (0.4829) (0.5448) (0.5141) (0.5128) 
Other 0.2815 0.2377 0.3872 0.1535 0.3422 0.3369 
 (0.2939) (0.2097) (0.3285) (0.2087) (0.2383) (0.3407) 
Organic -1.5484*** -1.5872*** -1.5407*** -1.6464*** -1.6788*** -1.6852*** 
 (0.4540) (0.4651) (0.4576) (0.4517) (0.3632) (0.4880) 
Total Citrus Acres 0.0056 0.0069 0.0060 0.0062 0.0063 0.0056 
 (0.0047) (0.0045) (0.0046) (0.0046) (0.0058) (0.0048) 
Total Citrus Acres -3.1 x10-6 -3.9 x10-6 -3.5 x10-6 -3.5 x10-6 -2.8 x10-6 -3.1 x10-6 
 (3.5 x10-6) (3.5 x10-6) (3.5 x10-6) (3.6 x10-6) (5.1 x10-6) (3.6 x10-6) 
Total Acres -0.0050 -0.0063* -0.0052 -0.0058 -0.0057 -0.0049 
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 (0.0037) (0.0036) (0.0036) (0.0037) (0.0042) (0.0038) 
Total Acres2 3.3 x10-6 4.3 x10-6 3.6 x10-6 3.9 x10-6 3.6 x10-6 3.3 x10-6 
  (3.1 x10-6) (3.0 x10-6) (3.0 x10-6) (3.0 x10-6) (3.2 x10-6) (3.1 x10-6) 
Education 0.5012 0.1468 0.5086 0.1497 -0.3119 0.4148 
 (0.5287) (0.5194) (0.5377) (0.5403) (0.5872) (0.5286) 
Education2 -0.0447 -0.0077 -0.0440 -0.0070 0.0438 -0.0352 
 (0.0668) (0.0657) (0.0670) (0.0675) (0.0707) (0.0677) 
Experience 0.0146 0.0208 0.0122 0.0262 0.0224 0.0162 
 (0.0399) (0.0349) (0.0341) (0.0379) (0.0416) (0.0373) 
Experience2 -0.0001 -0.0003 -0.0001 -0.0003 -0.0003 -0.0002 
  (0.0005) (0.0005) (0.0005) (0.0005) (0.0006) (0.0005) 
Primary Information Source     
Extension Agent 0.2982 0.2563 0.2497 0.2754 -0.0182 0.2185 
 (0.6167) (0.5636) (0.5968) (0.5715) (0.5374) (0.5926) 
Extension 
Publications -0.9013* -0.9745* -0.9362* -0.9141* -0.8789 -0.9325* 
 (0.5026) (0.5631) (0.5221) (0.5050) (0.4631) (0.5363) 
Other Growers -0.7245 -0.8122 -0.6268 -0.8256 -1.5230** -0.7263 
 (0.6433) (0.6554) (0.5808) (0.6108) (0.6037) (0.5689) 
Other 0.1605 0.4732 0.1555 0.3158 0.3921 0.0439 
 (0.9350) (0.8901) (0.8410) (0.8486) (0.8810) (0.8170) 
Female -0.1769 -0.2428 -0.1520 -0.1585 -0.3902 -0.2205 
 (0.5210) (0.4311) (0.4716) (0.4691) (0.4345) (0.4529) 
Asian 0.3357 -0.0269 0.3486 0.0204 0.0160 0.2671 
 (1.0354) (1.0221) (0.8910) (0.9846) (0.9618) (0.9536) 
Hispanic -0.4233 -0.9403 -0.3674 -0.9476 -1.0674 -0.7401 
 (1.0456) (1.0109) (0.9544) (1.0030) (1.0733) (0.9563) 
Other -0.2400 -0.0098 0.2226 -0.2169 -0.2788 -0.1507 
 (0.2759) (0.2642) (0.3552) (0.2641) (0.2171) (0.3096) 
Constant -0.2421 -1.4380 -1.2369 -0.7912 0.8623 -1.2986 
 (1.9447) (1.3465) (1.8442) (1.5065) (1.7788) (1.8081) 
Pseudo R2 0.5158 0.5104 0.4857 0.5057 0.5509 0.5007 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Cluster-robust standard errors reported in parentheses. 
 

 
 
 
 
 
 
 
 
 
 



	   86	  

Table 18.  Pesticide Control of Red Scale Spatial Lag and Spatial Error Models (N = 134) 
  Band Size: 52 Band Size: 225 Band Size: 400 
Variable  lag error lag error lag error 
Scale Degree 
Days -0.0001 0.0000 -0.0001 0.0001 -0.0001 0.0001 
 (0.0005) (0.0006) (0.0005) (0.0006) (0.0005) (0.0006) 
Wasp Degree 
Days 0.0003 0.0001 0.0002 0.0000 0.0002 0.0000 
 (0.0006) (0.0007) (0.0006) (0.0007) (0.0006) (0.0007) 
Uses Wasp -0.2434*** -0.2422*** -0.2437*** -0.2451*** -0.2442*** -0.2476*** 
 (0.0796) (0.0783) (0.0797) (0.0784) (0.0797) (0.0783) 
Production Outlets      
No Commercial -0.2883** -0.2843** -0.2887** -0.2855** -0.2898** -0.2888** 
 (0.1407) (0.1378) (0.1399) (0.1367) (0.1389) (0.1352) 
Processor -0.0015 -0.0014 -0.0015 -0.0013 -0.0015 -0.0012 
 (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) (0.0012) 
Non- Packer or 
Processor -0.0012 -0.0012 -0.0012 -0.0012 -0.0012 -0.0011 
  (0.0011) (0.0011) (0.0011) (0.0011) (0.0011) (0.0011) 
Lemon 0.0490 0.0517 0.0485 0.0533 0.0482 0.0542 
 (0.1064) (0.1059) (0.1064) (0.1057) (0.1065) (0.1055) 
Grapefruit -0.1325 -0.1596 -0.1344 -0.1599 -0.1362 -0.1615 
 (0.0990) (0.1129) (0.0991) (0.1085) (0.0986) (0.1055) 
Mandarin 0.1488 0.1508 0.1493 0.1511 0.1502 0.1499 
 (0.0993) (0.0963) (0.0988) (0.0959) (0.0987) (0.0951) 
Tangelo -0.0103 0.0231 -0.0068 0.0285 -0.0033 0.0315 
 (0.3053) (0.3144) (0.3053) (0.3136) (0.3049) (0.3115) 
Other 0.2339 0.2282 0.2344 0.2313 0.2350 0.2333 
 (0.1592) (0.1514) (0.1593) (0.1489) (0.1593) (0.1465) 
Organic -0.1818* -0.2052* -0.1831* -0.2135* -0.1857* -0.2210** 
 (0.0985) (0.1087) (0.0981) (0.1108) (0.0984) (0.1113) 
Total Citrus 
Acres 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 
 (0.0005) (0.0005) (0.0005) (0.0005) (0.0005) (0.0005) 
Total Citrus 
Acres2 1.1 x10-7 8.1 x10-8 1.1 x10-7 8.4 x10-8 1.1 x10-7 8.1 x10-8 
 (1.3 x10-7) (1.4 x10-7) (1.2 x10-7) (1.3 x10-7) (1.3 x10-7) (1.4 x10-7) 
Total Acres 0.0002 0.0001 0.0002 0.0001 0.0002 0.0001 
 (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) 
Total Acres2 -4.3 x10-8 -3.5 x10-8 -4.3 x10-8 -3.4 x10-8 -4.3 x10-8 -3.5 x10-8 
  (4.3 x10-8) (4.4 x10-8) (4.1 x10-8) (4.3 x10-8) (4.3 x10-8) (4.4 x10-8) 
Education -0.3275 -0.2860 -0.3240 -0.2820 -0.3197 -0.2764 
 (0.2127) (0.2248) (0.2111) (0.2209) (0.2109) (0.2190) 
Education2 0.0328 0.0283 0.0324 0.0280 0.0320 0.0276 
 (0.0248) (0.0261) (0.0246) (0.0256) (0.0246) (0.0254) 
Experience -0.0082 -0.0090 -0.0081 -0.0090 -0.0082 -0.0094 
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 (0.0084) (0.0083) (0.0084) (0.0082) (0.0084) (0.0082) 
Experience2 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 
Primary Information Source     
Extension Agent -0.1766* -0.1619 -0.1757* -0.1653 -0.1741* -0.1606 
 (0.1012) (0.1049) (0.1013) (0.1038) (0.1013) (0.1045) 
Extension 
Publications -0.2245 -0.2379 -0.2262 -0.2461 -0.2282 -0.2510 
 (0.3133) (0.3128) (0.3146) (0.3149) (0.3156) (0.3150) 
Other Growers -0.2173 -0.2063 -0.2181 -0.2076 -0.2183 -0.2074 
 (0.1766) (0.1774) (0.1765) (0.1776) (0.1768) (0.1779) 
Farm/Chemical 
Supplier 0.0076 0.0528 0.0070 0.0457 0.0084 0.0416 
 (0.3487) (0.3554) (0.3444) (0.3472) (0.3435) (0.3377) 
Trade 
Magazines -0.1874 -0.1197 -0.1861 -0.1023 -0.1853 -0.0898 
 (0.3389) (0.3762) (0.3362) (0.3744) (0.3322) (0.3666) 
Other -0.1548 -0.1537 -0.1560 -0.1539 -0.1569 -0.1540 
  (0.1530) (0.1480) (0.1524) (0.1471) (0.1521) (0.1464) 
Female -0.0401 -0.0092 -0.0395 -0.0061 -0.0386 -0.0026 
 (0.1109) (0.1343) (0.1101) (0.1319) (0.1097) (0.1287) 
Asian 0.3375* 0.3465* 0.3385* 0.3468* 0.3390* 0.3471* 
 (0.1947) (0.1929) (0.1946) (0.1919) (0.1940) (0.1913) 
Hispanic -0.1818 -0.1919 -0.1793 -0.1843 -0.1774 -0.1841 
 (0.1633) (0.1749) (0.1624) (0.1715) (0.1623) (0.1728) 
Other -0.3813 -0.4197 -0.3834 -0.4214 -0.3864 -0.4251 
 (0.3002) (0.3083) (0.2993) (0.3056) (0.2987) (0.3020) 
Constant 0.7886 0.8355 0.8040 0.9083 0.8255 0.9417 
 (0.8162) (0.7883) (0.8183) (0.8109) (0.8193) (0.8118) 
Rho -0.0145 -0.1539 -0.0309 -0.1919 -0.0521 -0.2322 
 (0.1286) (0.2547) (0.1401) (0.2654) (0.1462) (0.2684) 
Sigma 0.4045 0.4025 0.4044 0.4019 0.4042 0.4009 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Robust standard errors reported in parentheses. 
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Table 19.  Pesticide Control of Thrips Spatial Lag and Spatial Error Models (N = 152) 
  Band Size: 71 Band Size: 250 Band Size: 400 
 Variable lag error lag error lag error 
Thrips Degree 
Days 0.0003*** 0.0004*** 0.0003*** 0.0004*** 0.0003*** 0.0004*** 
 (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 
Uses Mite -0.1487** -0.1273 -0.1485** -0.1394** -0.1486** -0.1407** 
  (0.0589) (0.0602) (0.0590) (0.0596) (0.0591) (0.0598) 
Production Outlets      
No Commercial 
Production -0.2241* -0.2267 -0.2206* -0.2556* -0.2227* -0.2576* 
 (0.1323) (0.1423) (0.1323) (0.1446) (0.1334) (0.1455) 
Processor 0.0019 0.0021*** 0.0019 0.0018 0.0019 0.0018 
 (0.0020) (0.0020) (0.0021) (0.0020) (0.0021) (0.0020) 
Non- Packer or 
Processor -0.0038*** -0.0034** -0.0038*** -0.0035*** -0.0038*** -0.0035*** 
  (0.0010) (0.0010) (0.0010) (0.0011) (0.0010) (0.0011) 
Lemon 0.1056 0.1159* 0.1048 0.1034 0.1054 0.1031 
 (0.0725) (0.0678) (0.0723) (0.0701) (0.0723) (0.0705) 
Grapefruit -0.0514 -0.0958 -0.0504 -0.0617 -0.0529 -0.0576 
 (0.0804) (0.0833) (0.0796) (0.0793) (0.0792) (0.0781) 
Mandarin 0.1301* 0.0957 0.1281* 0.1013 0.1313* 0.1048 
 (0.0761) (0.0767) (0.0765) (0.0811) (0.0764) (0.0816) 
Tangelo -0.1137 -0.0905 -0.1141 -0.1062 -0.1129 -0.1071 
 (0.1210) (0.1156) (0.1210) (0.1157) (0.1207) (0.1155) 
Other 0.0937 0.1455 0.0915 0.1555* 0.0913 0.1522 
 (0.0873) (0.0975) (0.0853) (0.0944) (0.0855) (0.0940) 
Organic -0.2085 -0.2275* -0.2099 -0.221 -0.2089 -0.2222 
 (0.1410) (0.1318) (0.1396) (0.1369) (0.1398) (0.1378) 
Total Citrus 
Acres 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
 (0.0001) (0.0002) (0.0001) (0.0001) (0.0001) (0.0001) 
Total Citrus 
Acres2 -3.5 x10-7 -3.4 x10-7 -3.9 x10-8 -3.0 x10-7 -3.2 x10-7 -3.0 x10-7 
 (2.8 x10-7) (2.9 x10-7) (2.9 x10-7) (3.0 x10-7) (2.9 x10-7) (3.0 x10-7) 
Total Acres 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 
Total Acres2 4.9 x10-8 4.1 x10-8 3.9 x10-8 3.1 x10-8 3.8 x10-8 3.1 x10-8 
  (1.1 x10-7) (1.1 x10-7) (1.1 x10-7) (1.2 x10-7) (1.1 x10-7) (1.2 x10-7) 
Education 0.0429 0.0683 0.0452 0.0403 0.0481 0.0400 
 (0.1883) (0.1674) (0.1883) (0.1756) (0.1893) (0.1772) 
Education2 -0.0031 -0.0053 -0.0033 -0.0021 -0.0036 -0.0021 
 (0.0218) (0.0195) (0.0219) (0.0205) (0.0220) (0.0207) 
Experience 0.0074 0.0045 0.0071 0.0047 0.0072 0.0049 
 (0.0055) (0.0053) (0.0055) (0.0055) (0.0055) (0.0055) 
Experience2 -0.0001 0.0000 -0.0001 0.0000 -0.0001 0.0000 
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  (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 
Primary Information Source     
Extension Agent -0.0532 -0.0857 -0.0563 -0.0895 -0.0556 -0.0848 
 (0.0977) (0.0956) (0.0987) (0.0989) (0.0991) (0.0990) 
Extension 
Publications -0.2379* -0.2396* -0.2372* -0.2621** -0.2361* -0.2622** 
 (0.1260) (0.1316) (0.1263) (0.1319) (0.1263) (0.1320) 
Other Growers -0.1590 -0.1545 -0.1568 -0.1764 -0.1605 -0.1829 
 (0.1464) (0.1275) (0.1463) (0.1265) (0.1453) (0.1255) 
Farm/ 
Chemical 
Supplier -0.1764 -0.4506 -0.2202 -0.3190 -0.2213 -0.3112 
 (0.3022) (0.2898) (0.2814) (0.2698) (0.2807) (0.2692) 
Trade 
Magazines -0.6703*** -0.7193*** -0.6725*** -0.7204*** -0.6696*** -0.7176*** 
 (0.1759) (0.1996) (0.1744) (0.1884) (0.1747) (0.1880) 
Other 0.0497 -0.0479 0.0514 -0.0213 0.0505 -0.0248 
  (0.0973) (0.1290) (0.0971) (0.1247) (0.0956) (0.1248) 
Female -0.0163 -0.0287 -0.0195 -0.0295 -0.0201 -0.0295 
 (0.0830) (0.0761) (0.0833) (0.0793) (0.0837) (0.0799) 
Asian 0.3670* 0.3843** 0.3711* 0.3784* 0.3714* 0.3760** 
 (0.2010) (0.1949) (0.2015) (0.1950) (0.2021) (0.1948) 
Hispanic -0.3524* -0.2652 -0.3599* -0.3288* -0.3585* -0.3307* 
 (0.1811) (0.1821) (0.1847) (0.1795) (0.1853) (0.1806) 
Other -0.0948 -0.1402 -0.0953 -0.1231 -0.0958 -0.1212 
 (0.2179) (0.2164) (0.2187) (0.2198) (0.2184) (0.2198) 
Constant -0.6582 -0.6956* -0.6704 -0.5691 -0.678 -0.5683 
 (0.4669) (0.4068) (0.4668) (0.4182) (0.4700) (0.4215) 
Rho 0.2323** 0.4554*** 0.2357** 0.3815*** 0.2340** 0.3776** 
 (0.0992) (0.1290) (0.0990) (0.1400) (0.1003) (0.1467) 
Sigma 0.3303 0.3186 0.3312 0.3259 0.3317 0.3269 

 *, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Robust standard errors reported in parentheses. 
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Table 20.  Rankings of Pest Control Methods by Index of Compatibility with an Integrated 
Pest Management Program and Percent of Growers Using Each Method 

Red Scale   Thrips 

Index Control 
Percent 

of 
Growers   

Index Control 
Percent 

of 
Growers 

10 

Aphytis 
melinus  
(with or 

without oil) 

50.39 

 

10 
Mite or 

Biological 
Control12 

20.61 

9 Oil only 6.20  9 Sabadilla 
(Veratran D TM) 4.58 

8 Buprofezin  
(ApplaudTM) 3.10  8 Spinetoram 

(Delegate TM) 7.63 

7 Pyriproxifen 
(Esteem TM) 10.00  7 Spirotetramet 

(Movento TM) 0.00 

6 Spirotetrament 
(Movento TM) 13.18  6 Spinosad + Oil 28.24 

5 Chlorpyrifos 
(Lorsban TM) 16.28  5 Abamectin + 

Oil 12.21 

4 Carbaryl 
(Sevin TM) 0.00  4 Cyfluthrin 

(Baythroid TM) 11.45 

3 
Carbaryl  

(Sevin TM) 
 + Oil 

0.00 
 

3 Fenpropathrin 
(Danitol TM) 0.76 

2 Methidathion 
(Supracide TM) 0.78 

 
2 

Formetanate 
Hydrochloride 

(Carzol TM) 
8.40 

1 
Methidathion  
(Supracide TM) 

+ Oil 
0.00 

 
1 Dimethoate 6.11 

n = 129, 30.1% of Respondents   n = 131, 30.5% of Respondents 
 

 
 
 
 
 
 
 
 
 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12	  Some growers noted making use of the green lacewing, a generalist predator.	  
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Table 21.  Ordered Probit IPM Compatibility Choice for Red Scale Control (N = 115) 

  Estimated Parameters, 2008 PUR Data Estimated Parameters, Average of 2004-2008 
PUR Data 

 County-Level 
Pesticide Use: Total Use Citrus Use Non-Citrus 

Use 
Average 

Total Use 
Average 

Citrus Use 
Average Non-

Citrus Use 
       
Variable       
County-Level Pounds Per 100,000 Acres of County Land    
Acetamiprid 0.0042 -8.2336 -0.0358** 0.0034 3.3395 -0.0031 
 (0.0047) (7.2201) (0.0141) (0.0033) (2.3322) (0.0029) 
Carbaryl 0.0082*** 0.1241 0.0315*** 0.0004 0.1029 -0.0018 
 (0.0025) (0.1354) (0.0115) (0.0052) (0.0668) (0.0017) 
Chlorpyrifos -0.0009*** 0.012 -0.0016*** -0.0007*** -0.0122 -0.0008** 
 (0.0002) (0.0095) (0.0005) (0.0001) (0.0084) (0.0004) 
Cyfluthrin -0.0024 -2.0031*** -0.0099 0.0012 0.5883 0.0024 
 (0.0020) (0.6371) (0.0048) (0.0037) (0.4590) (0.0037) 
Fenpropathrin -0.0029* 1.3107 0.0018 0.0087 -0.8885 0.0071 
 (0.0018) (0.8794) (0.0022) (0.0118) (0.6244) (0.0065) 
Methidation -0.0046 -0.1369 -0.0250** 0.0074 -0.1896 0.0224** 
  (0.0032) (0.1047) (0.0099) (0.0093) (0.1229) (0.0114) 
Scale Degree 
Days 0.0011 0.0016** 0.0016* 0.0010 0.0009 0.0010 

 (0.0012) (0.0008) (0.0009) (0.0013) (0.0011) (0.0013) 
Wasp Degree 
Days -0.0012 -0.0016** -0.0020** -0.001 -0.0014 -0.001 

 (0.0015) (0.0008) (0.0009) (0.0016) (0.0015) (0.0016) 
Combined Pest 
Pressure -0.1950*** -0.2046** -0.2118*** -0.1851*** -0.2212*** -0.1881*** 

  (0.0708) (0.0844) (0.0746) (0.0698) (0.0759) (0.0685) 
Lemon -0.3435 -0.3027 -0.3560 -0.3416 -0.2337 -0.3338 
 (0.2956) (0.3266) (0.3383) (0.3061) (0.3432) (0.3091) 
Grapefruit -0.0388 0.0278 -0.0759 0.0378 -0.1425 0.0279 
 (0.4468) (0.4166) (0.4086) (0.4670) (0.4829) (0.4740) 
Mandarin 0.5791 0.4276 0.6600 0.5112 0.5650* 0.5604 
 (0.4153) (0.2989) (0.4156) (0.4056) (0.3404) (0.4136) 
Tangelo 1.9419*** 2.1230*** 2.0884*** 1.9123*** 2.2465*** 1.8890*** 
 (0.4185) (0.4166) (0.3402) (0.4362) (0.5366) (0.4459) 
Other 0.9297** 0.8606* 0.8030 0.8567* 0.9017* 0.8812** 
 (0.4038) (0.5057) (0.5308) (0.4702) (0.5267) (0.4445) 
Organic 1.6576*** 1.7963*** 1.6260*** 1.5594*** 1.7104*** 1.5325*** 
 (0.2829) (0.3535) (0.2841) (0.2644) (0.3303) (0.2793) 
Total Citrus 
Acres 0.0024 0.0027 0.0024 0.0025 0.0025 0.0024 

 (0.0020) (0.0018) (0.0019) (0.0020) (0.0019) (0.0020) 
Total Citrus 
Acres2 -1.4 x10-6*** -1.4 x10-6*** -1.4 x10-6*** -1.4 x10-6*** -1.4 x10-6*** -1.4 x10-6** 
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 (5.3 x10-7) (4.7 x10-7) (4.8 x10-7) (5.6 x10-7) (5.0 x10-7) (5.4 x10-7) 
Total Acres -0.0039*** -0.0039*** -0.0039*** -0.0038*** -0.0040*** -0.0038*** 
 (0.0011) (0.0010) (0.0010) (0.0011) (0.0011) (0.0011) 
Total Acres2 6.4 x10-7*** 6.3 x10-7*** 6.3 x10-7*** 6.3 x10-7*** 6.6 x10-7*** 6.3 x10-7*** 
 (1.7 x10-7) (1.5 x10-7) (1.5 x10-7) (1.7 x10-6) (1.7 x10-6) (1.7 x10-7) 
Education 1.4214* 1.5482* 1.3192* 1.3700* 1.7224** 1.4237* 
 (0.7357) (0.8176) (0.7512) (0.7640) (0.8541) (0.7694) 
Education2 -0.1120 -0.1261 -0.0986 -0.1065 -0.1410 -0.1130 
 (0.0803) (0.0889) (0.0831) (0.0834) (0.0921) (0.0840) 
Experience -0.0259 -0.0283 -0.0242 -0.0268 -0.0330 -0.0246 
 (0.0381) (0.0508) (0.0424) (0.0382) (0.0439) (0.0396) 
Experience2 0.0005 0.0006 0.0005 0.0005 0.0007 0.0005 
  (0.0006) (0.0008) (0.0006) (0.0006) (0.0006) (0.0006) 
Primary Information Source     
Extension Agent 0.7836 0.3313 0.8130 0.8221 0.5056 0.7541 
 (0.5920) (0.5485) (0.5399) (0.5935) (0.4751) (0.6016) 
Extension 
Publications -1.2056* -1.2564* -1.3318** -1.0809 -1.4381* -1.0744 

 (0.6312) (0.6634) (0.6461) (0.7064) (0.7869) (0.7034) 
Other Growers 5.6656*** 4.7998*** 6.1376*** 6.0613*** 4.2893*** 6.1873*** 
 (0.3026) (0.6308) (0.3716) (0.3627) (0.5601) (0.3276) 
Other 1.1750*** 1.0539*** 1.1706*** 1.2014*** 0.9073** 1.1956*** 
 (0.3757) (0.3372) (0.4139) (0.4291) (0.4495) (0.4166) 
Farm/Chemical 
Supplier -3.4637*** -4.6586*** -3.2437*** -3.2339*** -4.9499*** -3.4952*** 

 (0.9628) (0.9394) (0.9017) (1.0249) (1.1260) (1.0396) 
Trade 
Magazines 0.4562 -0.5752 0.7383 0.7294 -0.7999 0.7699 

  (0.7469) (0.9797) (0.8185) (0.8654) (0.9621) (0.7969) 
Female 0.3637 -0.0181 0.4125* 0.3586 0.0750 0.2991 
 (0.2890) (0.4671) (0.2477) (0.3283) (0.4288) (0.3514) 
Asian -1.8977*** -1.8545*** -1.8216*** -1.8117*** -1.9464*** -1.8361*** 
 (0.5802) (0.5942) (0.6156) (0.5749) (0.6679) (0.5617) 
Hispanic -0.1986 -0.0640 -0.3915 -0.2046 0.3069 -0.1462 
 (0.3647) (0.4095) (0.3610) (0.3736) (0.6866) (0.3876) 
Other -1.4323*** -1.3800*** -1.4774*** -1.3019*** -1.5829*** -1.3413*** 
 (0.3807) (0.3174) (0.3908) (0.3717) (0.4723) (0.3759) 
Cut 1 -5.8734 -4.2626 -7.3926 -5.1069 -6.7449 -4.7335 
 (2.4194) (2.5803) (2.8973) (1.8459) (3.1284) (2.1312) 
Cut 2 -0.5196 0.7176 -2.1937 0.1108 -1.2292 0.4730 
 (1.8951) (2.4317) (2.1419) (1.6831) (2.7983) (1.7672) 
Cut 3 0.3386 1.5391 -1.3242 0.9678 -0.4059 1.3272 
 (1.8598) (2.5248) (2.2664) (1.6652) (2.6796) (1.7716) 
Cut 4 0.8381 2.0292 -0.8202 1.4646 0.0839 1.8270 
 (1.8854) (2.5533) (2.3437) (1.6876) (2.6459) (1.8205) 
Cut 5 0.9089 2.0989 -0.7493 1.5347 0.1537 1.8974 
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 (1.9112) (2.5641) (2.3614) (1.7022) (2.6563) (1.8408) 
Cut 6 1.1410 2.3307 -0.5147 1.7648 0.3867 2.1283 
 (1.9719) (2.5196) (2.3005) (1.7757) (2.6743) (1.9111) 
Pseudo R2 0.2849  0.2774  0.2908 0.2833  0.2787   0.2826 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Cluster-robust standard errors reported in parentheses. 
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Table 22.  Ordered Probit IPM Compatibility Choice for Thrips Control (N = 111) 

  Estimated Parameters, 2008 PUR Data Estimated Parameters, Average of 
2004-2008 PUR Data 

 County-Level 
Pesticide Use: 

Total Use Citrus Use  Non-Citrus 
Use 

Average 
Total Use 

Average 
Citrus Use 

Average 
Non-Citrus 

Use 
       
Variable       
County-Level Pounds Per 100,000 Acres of County Land    
Cyfluthrin 0.0195* 4.0850*** 0.0064 -0.0042 0.1267 -0.0027 
 (0.0102) (0.9560) (0.0085) (0.0052) (0.1039) (0.0049) 
Dimethoate -0.0005 -0.0696*** 0.0013** 0.0009 -0.074 0.0009 
 (0.0008) (0.0146) (0.0006) (0.0017) (0.0546) (0.0009) 
Fenpropathrin 0.0033*** 0.3228*** 0.0062* 0.0012 0.5399 0.0017 
 (0.0011) (0.0698) (0.0034) (0.0020) (0.4092) (0.0034) 
Formetanate 
Hydrochloride -0.0029 -0.3012*** -0.0062*** -0.0037 -0.0834 -0.003 

  (0.0033) (0.0649) (0.0022) (0.0061) (0.0744) (0.0027) 
Thrips Degree Days 0.0001 -0.0008* -0.0002 -0.0005 -0.0008 -0.0006 
 (0.0004) (0.0004) (0.0002) (0.0005) (0.0005) (0.0004) 
Combined Pest 
Pressure 0.0208 0.0077 0.0198 0.0559 0.0149 0.0602 

  (0.1257) (0.1127) (0.1195) (0.1296) (0.1165) (0.1327) 
Lemon -0.0244 -0.1400 -0.0548 0.0563 -0.1228 0.0327 
 (0.4057) (0.4352) (0.3896) (0.4182) (0.4563) (0.3955) 
Grapefruit 0.8336** 0.8052** 0.8649*** 0.7313** 1.0146*** 0.8084*** 
 (0.3251) (0.3153) (0.2693) (0.3309) (0.2435) (0.2603) 
Mandarin -0.3325*** -0.3214** -0.3520** -0.4120** -0.3506** -0.3690** 
 (0.1140) (0.1478) (0.1414) (0.1644) (0.1488) (0.1524) 
Tangelo -0.7249*** -0.5345** -0.6265*** -0.6495*** -0.6015*** -0.6155*** 
 (0.1587) (0.2067) (0.2073) (0.1775) (0.1942) (0.1941) 
Other 0.4803* 0.4166 0.4760* 0.4668** 0.3480 0.4444* 
 (0.2586) (0.2872) (0.2777) (0.2273) (0.3058) (0.2344) 
Organic 6.7124*** 6.3717*** 6.7401*** 6.8127*** 6.7131*** 6.9281*** 
 (0.4105) (0.4325) (0.3821) (0.3806) (0.4096) (0.3935) 
Total Citrus Acres 0.0006*** 0.0005 0.0006*** 0.0005 0.0007 0.0005 
 (0.0002) (0.0004) (0.0002) (0.0004) (0.0004) (0.0004) 
Total Citrus Acres2 -1.2 x10-7** -5.7 x10-8 -1.0 x10-7* -1.1 x10-7 -1.5 x10-7 -8.1 x10-8 
 (5.8 x10-8) (7.7 x10-8) (5.4 x10-8) (1.1 x10-7) (1.1 x10-7) (9.8 x10-8) 
Total Acres 0.0002 0.0000 0.0001 0.0003 0.0001 0.0003 
 (0.0002) (0.0002) (0.0002) (0.0003) (0.0002) (0.0003) 
Total Acres2 -2.6 x10-9 -7.0 x10-9 -5.0 x10-9 -1.3 x10-8 -3.5 x10-9 -2.3 x10-8 
  (2.6 x10-8) (2.3 x10-8) (2.5 x10-8) (3.9 x10-8) (2.1 x10-8) (4.0 x10-8) 
Education -0.7053 -1.1186* -0.854 -0.522 -0.779 -0.5924 
 (0.6078) (0.6640) (0.6201) (0.7242) (0.7257) (0.6620) 
Education2 0.0832 0.1343* 0.1018 0.0644 0.0943 0.0729 
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 (0.0716) (0.0771) (0.0730) (0.0835) (0.0846) (0.0769) 
Experience -0.0708* -0.0729* -0.0757* -0.0839* -0.0744** -0.0866* 
 (0.0412) (0.0411) (0.0445) (0.0459) (0.0420) (0.0483) 
Experience2 0.0010 0.0010 0.0011 0.0012* 0.0010 0.0012* 
 (0.0006) (0.0006) (0.0007) (0.0007) (0.0006) (0.0007) 
Primary Information Source         
Extension Agent 1.3104** 1.5018*** 1.3465** 1.2520*** 1.3494*** 1.2431** 
 (0.5816) (0.5767) (0.5741) (0.4645) (0.4881) (0.5458) 
Extension 
Publications 0.6065 0.4769 0.6876 0.5487* 0.5107 0.6622 

 (0.3864) (0.3624) (0.4397) (0.3295) (0.3511) (0.4305) 
Other Growers 1.7300** 1.5151** 1.7607** 1.7308** 1.8376*** 1.7670** 
 (0.7224) (0.6644) (0.7403) (0.6753) (0.6986) (0.7537) 
Other  1.5424*** 1.3757*** 1.5413*** 1.2435*** 1.4110*** 1.3270*** 
 (0.3249) (0.3008) (0.3168) (0.2660) (0.2846) (0.2769) 
Farm/Chemical 
Suppliers 0.3156 -1.3168* -0.578 -1.5126** -1.6430*** -1.5858** 

  (1.0877) (0.6856) (0.8192) (0.7027) (0.5966) (0.6575) 
Female -0.1627 -0.0450 -0.1857 -0.3048** -0.2277* -0.2824** 
 (0.1286) (0.1394) (0.1152) (0.1477) (0.1251) (0.1300) 
Asian 0.2689 0.1849 0.2686 0.4535 0.2595 0.4750 
 (0.8464) (0.8254) (0.8623) (0.8339) (0.8176) (0.8613) 
Hispanic -0.1141 -0.3506 -0.0496 0.0196 -0.1995 0.0378 
 (0.4526) (0.4569) (0.5287) (0.5645) (0.5300) (0.5761) 
Other 0.4147 0.5493 0.3151 0.4968 0.6149 0.5325 
  (0.3103) (0.4476) (0.2732) (0.3238) (0.4429) (0.3475) 
Cut 1 -3.0283 -7.0854 -4.2298 -5.2041 -6.5056 -5.2951 
 (2.1746) (1.9878) (1.7714) (2.0839) (2.1913) (2.0082) 
Cut 2 -2.5819 -6.6273 -3.7785 -4.7582 -6.0353 -4.8413 
 (2.2064) (2.0171) (1.8151) (2.1240) (2.2282) (2.0532) 
Cut 3 -2.5307 -6.5736 -3.7268 -4.7082 -5.9822 -4.7904 
 (2.1702) (1.9688) (1.7685) (2.0853) (2.1819) (2.0079) 
Cut 4 -1.9352 -5.9559 -3.1290 -4.1220 -5.3676 -4.2057 
 (2.1314) (1.9248) (1.7142) (2.0540) (2.1359) (1.9668) 
Cut 5 -1.4722 -5.4890 -2.6653 -3.6631 -4.8982 -3.7559 
 (2.1349) (1.8389) (1.6777) (1.9875) (2.0319) (1.8946) 
Cut 6 -0.4845 -4.5011 -1.6582 -2.6847 -3.9092 -2.7719 
 (2.1849) (1.9910) (1.7957) (2.1019) (2.1888) (2.0396) 
Cut 7 -0.1894 -4.2026 -1.3535 -2.3935 -3.6159 -2.4703 
 (2.2175) (1.9796) (1.8002) (2.1373) (2.2029) (2.0708) 
Cut 8 0.0777 -3.9362 -1.0800 -2.1320 -3.3481 -2.2008 
 (2.1994) (1.9276) (1.7713) (2.0957) (2.1600) (2.0443) 
Pseudo R2 0.1551 0.1577 0.1613 0.1478 0.1604 0.1515 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Cluster-robust standard errors reported in parentheses. 



	   96	  

Table 23.  IPM Compatibility Choice for Red Scale Control Spatial Lag and Spatial Error 
Models (N = 89) 

  Band Size: 52 Band Size: 225 Band Size: 400 
Variable  lag error lag error lag error 
Combined 
Pest Pressure -0.0981 -0.1019 -0.0987 -0.1013 -0.1018 -0.1022 
 (0.2170) (0.2107) (0.2170) (0.2099) (0.2161) (0.2101) 
Scale Degree 
Days -0.0013 -0.0006 -0.0013 -0.0006 -0.0015 -0.0008 
 (0.0026) (0.0030) (0.0026) (0.0029) (0.0026) (0.0028) 
Wasp Degree 
Days 0.0006 -0.0003 0.0006 -0.0003 0.0008 -0.0001 
  (0.0031) (0.0035) (0.0030) (0.0034) (0.0030) (0.0033) 
Lemon -0.3028 -0.3258 -0.3032 -0.3243 -0.3004 -0.3379 
 (0.4735) (0.4629) (0.4735) (0.4654) (0.4741) (0.4658) 
Grapefruit 1.0682* 1.0510* 1.0746* 1.0751* 1.0933* 1.0997** 
 (0.5905) (0.5768) (0.5896) (0.5690) (0.5851) (0.5613) 
Mandarin -0.4866 -0.4577 -0.4914 -0.4555 -0.5051 -0.4632 
 (0.4122) (0.4214) (0.4099) (0.4226) (0.4073) (0.4241) 
Tangelo 0.8226 1.1079 0.8124 1.1192 0.7762 1.0677 
 (0.9991) (1.0479) (0.9998) (1.0387) (0.9990) (1.0316) 
Other 1.0124 0.9746 1.0208 0.9836 1.0426 0.9954 
 (0.7224) (0.6862) (0.7200) (0.6785) (0.7223) (0.6816) 
Organic 1.1714* 0.7374 1.1745* 0.6632 1.2012* 0.6682 
 (0.6080) (0.7574) (0.6122) (0.7961) (0.6207) (0.8622) 
Total Citrus 
Acres 0.0042*** 0.0050*** 0.0041*** 0.0052*** 0.0041*** 0.0051*** 
 (0.0014) (0.0016) (0.0014) (0.0016) (0.0014) (0.0017) 
Total Citrus 
Acres2 -1.6 x10-6*** -1.9 x10-6*** -1.6 x10-6*** -1.9 x10-6*** -1.6 x10-6*** -1.9 x10-6*** 
 (3.8 x10-7) (4.8 x10-7) (3.8 x10-7) (4.9 x10-7) (3.8 x10-7) (5.0 x10-7) 
Total Acres -0.0032*** -0.0039*** -0.0032*** -0.0039*** -0.0032*** -0.0039*** 
 (0.0008) (0.0010) (0.0008) (0.0010) (0.0008) (0.0010) 
Total Acres2 5.7 x10-7*** 6.6 x10-7*** 5.7 x10-7*** 6.7 x10-7*** 5.6 x10-7*** 6.7 x10-7*** 
  (1.2 x10-7) (1.5 x10-7) (1.1 x10-7) (1.6 x10-7) (1.1 x10-7) (1.6 x10-7) 
Education 2.2550** 2.3814** 2.2542** 2.4023** 2.2437** 2.3837** 
 (1.0486) (0.9955) (1.0438) (0.9941) (1.0418) (1.0038) 
Education2 -0.2103* -0.2205* -0.2102* -0.2228* -0.2093* -0.2210* 
 (0.1225) (0.1148) (0.1220) (0.1145) (0.1219) (0.1154) 
Experience -0.0334 -0.0350 -0.0335 -0.0349 -0.0335 -0.0358 
 (0.0413) (0.0398) (0.0413) (0.0402) (0.0414) (0.0405) 
Experience2 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 
  (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) 
Primary Information Source     
Extension 
Agent 0.9397 1.0683 0.9450 1.0787* 0.9355 1.0803* 
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 (0.6014) (0.6625) (0.6006) (0.6371) (0.5998) (0.6382) 
Extension 
Publications -0.5508 -0.5421 -0.5502 -0.5333 -0.5629 -0.5174 
 (1.1676) (1.1162) (1.1686) (1.0937) (1.1801) (1.0938) 
Other 
Growers 1.9085*** 1.4608* 1.9242*** 1.4626* 1.9461*** 1.5115** 
 (0.6061) (0.7826) (0.6044) (0.7728) (0.6033) (0.7628) 
Farm/ 
Chemical 
Dealer -2.6720*** -2.3966*** -2.6871*** -2.4676*** -2.6898*** -2.5544*** 
 (0.5738) (0.6154) (0.5648) (0.5873) (0.5620) (0.5602) 
Other 0.9777* 1.1600* 0.9758* 1.1918* 0.9686* 1.1853* 
  (0.5541) (0.6384) (0.5536) (0.6624) (0.5495) (0.6737) 
Female -0.3140 -0.3007 -0.3132 -0.3040 -0.3050 -0.3100 
 (0.4607) (0.4544) (0.4603) (0.4508) (0.4604) (0.4528) 
Asian -3.3863*** -3.4468*** -3.3850*** -3.4544*** -3.3887*** -3.4630*** 
 (0.8800) (0.8307) (0.8755) (0.8237) (0.8625) (0.8201) 
Hispanic 1.1152 1.3675 1.1199 1.4390 1.0932 1.4175 
 (0.9019) (0.8687) (0.9032) (0.9060) (0.9074) (0.9226) 
Other -0.0806 -0.0924 -0.0759 -0.0709 -0.0610 -0.0709 
 (1.1050) (1.0927) (1.1007) (1.0841) (1.0873) (1.0837) 
Constant 5.5736 6.4352 5.5713 6.4568 5.7239 6.2769 
 (3.6103) (4.1327) (3.5963) (4.0270) (3.5733) (3.9822) 
Rho 0.0284 0.2545 0.0206 0.2918 -0.0179 0.2791 
 (0.1427) (0.2325) (0.1600) (0.2555) (0.1716) (0.2873) 
Sigma 1.4799 1.4550 1.4801 1.4525 1.4802 1.4578 

*, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. 
Robust standard errors reported in parentheses. 
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Table 24.  IPM Compatibility Choice for Thrips Control Spatial Lag and Spatial Error 
Models (N = 91) 

  Band Size: 71 Band Size: 250 Band Size: 400 
Variable lag error lag error lag error 
Combined Pest 
Pressure 0.0221 0.0337 0.0097 0.0212 0.0163 0.0208 
 (0.2380) (0.2435) (0.2356) (0.2447) (0.2366) (0.2469) 
Thrips Degree 
Days -0.0017*** -0.0017*** -0.0017*** -0.0017*** -0.0017*** -0.0017*** 
  (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) 
Lemon 0.5511 0.4995 0.5692 0.5119 0.5619 0.5059 
 (0.7867) (0.7659) (0.7735) (0.7702) (0.7745) (0.7665) 
Grapefruit 2.3943*** 2.3371*** 2.4125*** 2.2827*** 2.3950*** 2.3194*** 
 (0.6864) (0.7392) (0.6761) (0.7572) (0.6860) (0.7447) 
Mandarin -1.1464** -1.0521* -1.1431** -0.9962* -1.1301** -1.0071* 
 (0.4883) (0.5533) (0.4816) (0.5684) (0.4835) (0.5468) 
Tangelo -1.8110* -1.8805* -1.8774* -1.8846* -1.8684* -1.8999* 
 (1.0577) (1.0989) (1.0449) (1.0814) (1.0487) (1.0763) 
Other 0.7347 0.7730 0.7416 0.7974 0.7350 0.8181 
 (0.8078) (0.8028) (0.7966) (0.7935) (0.7983) (0.7911) 
Organic 6.5273*** 6.5921*** 6.6207*** 6.6821*** 6.6208*** 6.7192*** 
 (1.0555) (1.2305) (1.0542) (1.2213) (1.0607) (1.2411) 
Total Citrus 
Acres 0.0014 0.0014 0.0013 0.0012 0.0013 0.0012 
 (0.0010) (0.0010) (0.0011) (0.0011) (0.0011) (0.0011) 
Total Citrus 
Acres2 -3.5 x10-7 -3.4 x10-7 -3.2 x10-7 -3.0 x10-7 -3.2 x10-7 -3.0 x10-7 
 (2.8 x10-7) (2.9 x10-7) (2.9 x10-7) (3.0 x10-7) (2.9 x10-7) (3.0 x10-7) 
Total Acres 0.0001 0.0001 0.0001 0.0002 0.0002 0.0002 
 (0.0008) (0.0008) (0.0008) (0.0008) (0.0008) (0.0008) 
Total Acres2 4.9 x10-8 4.1 x10-8 3.9 x10-8 3.1 x10-8 3.8 x10-8 3.1 x10-8 
  (1.1 x10-7) (1.1 x10-7) (1.1 x10-7) (1.2 x10-7) (1.1 x10-7) (1.2 x10-7) 
Education -0.3782 -0.2283 -0.4359 -0.2398 -0.4362 -0.2373 
 (1.7305) (1.8033) (1.7215) (1.7806) (1.7239) (1.7886) 
Education2 0.0277 0.0091 0.0315 0.0091 0.0318 0.0085 
 (0.2013) (0.2126) (0.2001) (0.2093) (0.2006) (0.2101) 
Experience -0.1119** -0.1184** -0.1083* -0.1186** -0.1083* -0.1180** 
 (0.0568) (0.0582) (0.0563) (0.0580) (0.0565) (0.0579) 
Experience2 0.0015* 0.0016* 0.0015* 0.0016* 0.0015* 0.0016* 
 (0.0008) (0.0009) (0.0008) (0.0008) (0.0008) (0.0008) 
Primary Information Source     
Extension 
Agent 1.9588** 1.6870 1.8887** 1.5884 1.9016** 1.6429 
 (0.9549) (1.1236) (0.9576) (1.0774) (0.9532) (1.0174) 
Extension 
Publications 0.5893 0.8126 0.5794 0.8710 0.5847 0.8868 
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 (1.5657) (1.6251) (1.5563) (1.6066) (1.5567) (1.5937) 
Other Growers 2.9391*** 2.8685*** 2.9868*** 2.9017*** 2.9367*** 2.9023*** 
 (1.0546) (1.0729) (1.0560) (1.0858) (1.0418) (1.0708) 
Farm/ 
Chemical 
Supplier -3.5215** -3.6151** -3.4500** -3.4230** -3.4315** -3.4346** 
 (1.4812) (1.8087) (1.4025) (1.4759) (1.3964) (1.4635) 
Other 2.3467*** 2.2850*** 2.4140*** 2.3067*** 2.3942*** 2.2832*** 
 (0.8316) (0.8266) (0.8479) (0.8386) (0.8389) (0.8354) 
Female -1.0090 -1.0222 -1.0388 -1.0434 -1.0313 -1.0627 
 (0.7186) (0.7403) (0.7201) (0.7300) (0.7195) (0.7409) 
Asian -1.6993** -1.7230* -1.7225** -1.6882* -1.7155** -1.7159* 
 (0.8625) (0.9607) (0.8400) (0.9999) (0.8437) (0.9925) 
Hispanic -1.7075* -1.6247 -1.7793* -1.6427 -1.7852* -1.6468 
 (1.0323) (1.0632) (1.0301) (1.0800) (1.0313) (1.0871) 
Other 2.2359* 2.1896* 2.2434* 2.1850* 2.2380* 2.1870* 
 (1.3076) (1.3153) (1.2758) (1.3046) (1.2776) (1.2946) 
Constant 13.5712*** 12.5475*** 14.2061*** 12.6286*** 14.2213*** 12.5979*** 
 (4.3364) (4.1289) (4.3969) (4.0963) (4.3777) (4.1119) 
Rho -0.1306 -0.1778 -0.1976 -0.2498 -0.2056 -0.2762 
 (0.1727) (0.3064) (0.1904) (0.3217) (0.2000) (0.3313) 
Sigma 2.0030 2.0023 1.9919 1.9931 1.9937 1.9910 

*, **, and *** indicate significance at the 90%, 95%, and 99% level, respectively. 
Robust standard errors reported in parentheses. 

 
 
 
 
 


