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RESEARCH ARTICLE
v

Citrus growers vary in their adoption of biological control

by Kelly A. Grogan and Rachael E. Goodhue

In a spring 2010 survey, we investigated
the characteristics that influenced
whether California growers controlled
major citrus pests with beneficial insects.
We also performed statistical analysis of
growers’ reliance on Aphytus melinus,

a predatory wasp, to control California
red scale. The survey results suggest that
growers with greater citrus acreage and
more education are more likely to use bi-
ological control. Marketing outlets, eth-
nicity and primary information sources
also influenced the extent of reliance

on beneficial insects. In Probit model
analysis, respondents with greater citrus
acreage were more likely to incorporate
A. melinus into their pest management,
as well as those with more education
and higher-valued crops. Information
sources and growing region also had
statistically significant effects.

Ithough many university extension

programs emphasize integrated
pest management (IPM), it has been un-
evenly adopted across regions and crops,
and chemical control is still the primary
method in much of the United States
(Smith and Kennedy 2002). Encourag-
ingly, many California citrus growers
have incorporated biological control (bio-
control) — the use of predaceous, parasitic
or pathogenic organisms — into their
IPM programs. At the peak, in 1997, about
30% of citrus growers used biological
control in the San Joaquin Valley, which
contains the majority of California citrus
acreage (Morse et al. 2006). Little data on
citrus growers’ biological or cultural pest-
control decisions exist. To fill this gap and
help Cooperative Extension programs
promote the increased use of biological
control, we surveyed California citrus
growers in spring 2010 regarding their
pest management decisions and analyzed
the extent to which they used beneficial
insects to help control the major citrus

Growers in the main citrus-growing regions of California were surveyed about their pest control
practices and their use of biological control for four important pests. Above, an orange grove at UC’s
Lindcove Research and Extension Center, near Visalia in the Central Valley.

pests: California red scale, citrus red mite,
citrus thrips and cottony cushion scale.

We surveyed growers in California’s
main citrus-growing regions, as cat-
egorized by UC Cooperative Extension
(UCCE): the San Joaquin Valley (mainly
the southeastern portion), Coastal-
Intermediate (San Luis Obispo County
to the San Diego-Mexico border), Interior
(western Riverside and San Bernardino
counties and inland areas of San Diego,
Los Angeles and Orange counties) and
Desert (Coachella and Imperial valleys)
(UCCE 2003). We also included grow-
ers in the relatively small Northern
citrus-growing region (Glenn and Butte
counties).

Natural enemies of citrus pests

We inquired in detail about the use of
biological control agents for four impor-
tant citrus pests.

California red scale. California red scale
sucks on plant tissue, damaging fruit,
leaves, twigs and branches. Damaged
fruit receive lower prices from packing-
houses (Grafton-Cardwell et al. 2009). A

parasitic wasp, Aphytus melinus, lays its
eggs under California red scale, a primary
citrus pest in the San Joaquin Valley and
the Coastal-Intermediate and Interior
regions. When the egg under the scale
hatches, the larva eats the scale and the
scale dies. Produced by commercial insec-
taries, A. melinus can be purchased and re-
leased relatively inexpensively (Fake et al.
2008; O’Connell et al. 2010; UC IPM 2003).
Some pesticides that control California
red scale and other pests, such as citricola
scale and a variety of ant species, nega-
tively affect the wasp. Selective pesticides
such as narrow range oil or the insect
growth regulator pyriproxyfen have little
effect on A. melinus, so the naturally oc-
curring population is conserved.

Reliance on control provided by
A. melinus in the San Joaquin Valley is
hampered by climatic factors that impede
its reproduction (Hoffmann and Kennett
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1985; Kennett and Hoffmann 1985; Luck
1995; Yu and Luck 1988). Other natural
enemies include the parasitic wasps
Aphytis lingnanensis and Comperiella bifas-
ciata, which help control red scale in the
Coastal-Intermediate and San Joaquin
Valley regions, respectively. Several lady
beetles also consume red scale (Grafton-
Cardwell et al. 2009).

Citrus red mite. Citrus red mite, a pri-
mary pest in the San Joaquin Valley and
Interior regions, feeds on citrus leaves,
damaging them and causing leaf drop
and twig dieback (Grafton-Cardwell et al.
2009). Several species in the Euseius genus
of predatory mites, including E. tularensis,
help control citrus red mite by consuming
the pest. Euseius mites, when sufficient
populations exist, are quite effective at re-
ducing citrus red mite (Kennett et al. 1979;
McMurtry et al. 1979).

Citrus thrips. Citrus thrips puncture
and feed on the rind of citrus, leaving
scars that get larger as the fruit grow
(Grafton-Cardwell et al. 2009). Several
studies suggest that Euseius also provides
some control of citrus thrips (Congdon
and McMurtry 1988; Grafton-Cardwell
et al. 1995, 1999; Grafton-Cardwell and
Ouyang 1995a). However, Jones and
Morse (1995) found evidence that thrips
control by E. tularensis is limited. Unlike
A. melinus, E. tularensis is not commer-
cially available (Weeden et al. 2007).
Euseius population levels tend to be

higher on new growth, so growers can
encourage populations through pruning,
which stimulates new growth (Grafton-
Cardwell and Ouyang 1995b). They can
also conserve Euseius populations by
applying only selective pesticides, such
as abamectin and spinosad (Success),
when necessary for citrus thrips control
(Grafton-Cardwell et al. 1995; Khan and
Morse 2006).

Cottony cushion scale. In the late 19th
century, cottony cushion scale, an in-
vasive pest, threatened to eliminate the
California citrus industry. Cottony cush-
ion scale reduces tree health by feeding
on phloem sap from twigs, leaves and
branches (Grafton-Cardwell et al. 2009).
Entomologists went to Australia, where
cottony cushion scale originated, to find
its natural enemies. In winter 1888-1889,
the vedalia beetle (Rodolia cardinalis) was
brought to California and released, and
cottony cushion scale was under full
control in areas of release by fall 1889
(Weeden et al. 2007).

Vedalia beetle spread throughout the
state’s citrus-growing regions and com-
pletely controls cottony cushion scale,
unless its populations are suppressed or
eliminated by the application of pesticides
that are toxic to it. Vedalia beetle is not
sold commercially. However, few adults
are required to establish a population;
UC Pest Management Guidelines recom-
mend collecting vedalia beetles at any

stage of development from other orchards
(Grafton-Cardwell et al. 2009).

Citrus grower survey

We obtained citrus grower addresses
from agricultural commissioner offices in
18 counties, which together contain 99.3%
of California citrus acreage (USDA 2008).
The survey was mailed on March 18, 2010,
to 3,959 growers, and a reminder postcard
was mailed on April 15, 2010. Of these, 348
surveys and an additional 28 postcards
were undeliverable. Eighty-eight people
responded that they did not produce cit-
rus, no longer produced citrus, were in
the citrus industry but had no acreage, or
had less than 1 acre of citrus production
for personal use. Additionally, three farm
managers who managed several farms
each consolidated information on all
their acreage onto one form. As a result,
we mailed 3,480 surveys to individuals
who presumably had citrus production in
2009 and could have responded. Of these,
429 growers responded by June 3, 2010, a
12.3% response rate.

The Northern region had 3.7% of
respondents and 0.5% of reported acre-
age; the San Joaquin Valley had 35.9%
of respondents and 67.2% of reported
acreage; the Coastal-Intermediate region
had 51.0% of respondents and 25.8% of
reported acreage; the Interior region had
79% of respondents and 5.7% of reported
acreage; and the Desert region had 1.4%

California red scale sucks on plant tissues and damages citrus fruit, leaves and branches. Left, Aphytis melinus, a parasitic wasp, oviposits in the scale.
Right, the parasitized scale shows the A. melinus exit hole. The presence of this biological control agent may limit the need for insecticide applications.
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of respondents and 0.9% of reported acreage. No responses were
received from Imperial or Kern counties, but all other counties
with citrus acreage reported by the USDA were represented. The
distribution of respondent acreage across counties in the survey
was close to USDA estimates for Tulare and Santa Barbara coun-
ties, a little high for Madera and Ventura counties, and a little
low for Fresno and Kern counties (table 1).

The survey was nine pages with 35 questions, including fill-
ing in tables of information, multiple-choice and open-ended
questions. The survey was administered in 2010, and all the
questions asked about the prebloom-to-harvest season of 2009.
One section addressed the management of four major citrus
pests (California red scale, citrus red mite, citrus thrips and cot-
tony cushion scale) and whether any insecticides were applied if
the pest was present. We asked about the presence of three im-
portant natural enemies; the degree of grower reliance on these
natural enemies for pest control; and natural enemy releases
during the season. Other questions addressed the implementa-
tion of cultural control methods, such as dust reduction, prun-
ing, cover crops and sources of pest control information.

Other sections inquired about characteristics of the opera-
tion, including the amount of citrus acreage, acreage of other
crops and livestock numbers, prices received and how much
citrus was sold to various outlets. The final set of questions

TABLE 1. Survey respondents’ citrus acreage, 2009, and
2008 USDA county citrus acreage

Respondents’ USDA
reported county Percentage
acreage Percentage of total acreage of total USDA
County 2009* acreage reported 2008* acreage 2008
% %
Butte 68 0.2 201 0.1
Fresno 1,354 4.0 32,928 12.2
Glenn 91 0.3 447 0.2
Imperialt 0 0.0 7,133 2.6
Kern 2,424 7.1 53,484 19.9
Kings 0 0.0 <200 0.0
Madera$§ 5,666 16.6 6,451 24
Orange 38 0.1 446 0.2
Riverside 895 2.6 18,280 6.8
San 1,248 37 3,775 1.4
Bernardino
San Diego 1,794 53 10,091 3.7
San Luis 221 0.6 1,774 0.7
Obispo
Santa 184 0.5 1,460 0.5
Barbara
Stanislaus 0 0.0 293 0.1
Tulare 13,497 39.6 105,194 39.1
Ventura 6,631 19.4 27,314 10.1
Total 34111 100.0 269,271 100.0

* Source: USDA 2008.
t Only 16 surveys were mailed for entire county due to several managers handling many farms.
§ One farm manager accounts for 99.7% of reported respondent acreage in county.

addressed demographics, experience and the share of agricul-
tural and citrus production in the household’s total income.

Pest presence and biological control usage

Citrus thrips. Citrus thrips was the most common pest, with
54.8% of respondents reporting it present (table 2). Citrus thrips
was most common in the San Joaquin Valley and least common
in the Coastal-Intermediate region. Respondents were more
likely to rely on insecticidal control for citrus thrips than other
pests; 30.6% of all respondents (more than half of those with cit-
rus thrips present) applied at least one insecticide for this pest,
and insecticidal control was most common in the San Joaquin
Valley.

California red scale. California red scale was the second
most common pest, with 47.7% of all respondents reporting its
presence (table 2). The pest was most common in the Northern

TABLE 2. Pests present and insecticides applied by survey respondents

Pest present

Pest not No
Pest present* insecticide Insecticide Total
.......................... Qb e vttt
Citrus thrips
All regions (389)t 45.2 24.2 30.6 54.8
Northern (15) 26.7 40.0 33.3 73.3
San Joaquin Valley (133) 14.3 16.5 69.2 85.7
Coastal-Intermediate (202) 67.3 27.2 54 326
Interior (32) 50.0 219 28.1 50.0
Desert (5) 0.0 80.0 20.0 100.0
California red scale
All regions (394) 52.3 289 18.8 47.7
Northern (15) 40.0 333 26.7 60.0
San Joaquin Valley (136) 40.4 26.5 33.1 59.6
Coastal-Intermediate (204) 60.8 28.9 10.3 39.2
Interior (32) 50.0 40.6 9.4 50.0
Desert (5) 80.0 0.0 20.0 20.0
Citrus red mite
All regions (393) 69.4 235 7.1 30.6
Northern (14) 85.7 143 0.0 14.3
San Joaquin Valley (136) 62.5 22.8 14.7 37.5
Coastal-Intermediate (207) 71.0 25.6 34 29.0
Interior (32) 78.1 18.8 3.1 21.9
Desert (4) 100.0 0.0 0.0 0.0
Cottony cushion scale
All regions (391) 70.1 27.1 2.8 29.9
Northern (16) 68.8 313 0.0 31.3
San Joaquin Valley (135) 60.7 34.1 5.2 393
Coastal-Intermediate (203) 77.3 20.7 2.0 22.7
Interior 64.5 355 0.0 355
Desert (4) 75.0 25.0 0.0 25.0

* Report of “not present” does not necessarily mean that zero pests were present, only that none were
detected.

t Number of respondents is shown in parenthesis.
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and San Joaquin Valley regions and
least common in the Desert and Coastal-
Intermediate regions. Less than half of
respondents who reported California
red scale present chose to apply a pesti-
cide. (This may be due to the effect of a
pesticide application persisting for more
than 1 year; respondents who treated the
previous year would have been unlikely
to report an application in the 2009-2010
season.)

As with citrus thrips, insecticidal
control of California red scale was most
common in the San Joaquin Valley. This is
consistent with UC IPM guidelines, which
state that biological control of California
red scale is most effective in coastal

TABLE 3. Presence of natural enemies reported by
survey respondents

Not
Naturally naturally

Natural enemy occurring occurring Unknown

............... Qbevveeneaneannnn

Vedalia beetle

All regions (284)* 26.8 246 48.6

Northern (8) 50.0 125 375

San Joaquin 5.6 254 69.0

Valley (71)

Coastal- 16.5 309 525

Intermediate

(139)

Interior (23) 26.1 304 43.5

Desert (2) 0.0 50.0 50.0
Aphytis melinus

All regions (310) 223 26.5 51.3

Northern (9) 333 222 44.4

San Joaquin 26.5 239 49.6

Valley (113)

Coastal- 16.9 30.0 53.1

Intermediate

(160)

Interior (25) 36.0 20.0 44.0

Desert (1) 0.0 0.0 100.0
Euseius tularensis

All regions (329) 219 21.0 57.1

Northern (10) 30.0 20.0 50.0

San Joaquin 29.0 16.9 54.0

Valley (124)

Coastal- 16.6 252 583

Intermediate

(163)

Interior (27) 222 185 59.3

Desert (3) 0.0 0.0 100.0

'ty

Natural enemies of pest insects can help control crop damage. Euseius tularensis is a mite that feeds

on, left, citrus thrips, and, right, citrus red mite, both important citrus pests.

areas (and some inland areas of Southern
California) and that California red scale
has been suppressed through a pesticide

eradication program in the Desert region.

The reported natural occurrence of
A. melinus — the biological control agent
for California red scale — was most com-
mon in the Interior and Northern regions
and least common in Desert and Coastal-
Intermediate regions (table 3); this may
be partially due to regional differences
in the presence of California red scale.
Forty-seven respondents purchased and

TABLE 4. Reliance on natural enemies for pest control among survey respondents

released A. melinus to control California
red scale, about one-quarter of those who
reported the pest present (table 4). These
47 growers made an average of four re-
leases (data not shown), the majority in
the Coastal-Intermediate and San Joaquin
Valley regions.

Citrus red mite and cottony cushion
scale. Citrus red mite and cottony cush-
ion scale had similar prevalence, 30.6%
and 29.9%, respectively (table 2). Citrus
red mite was most common in the San
Joaquin Valley and least common in the

Photos: Jack Kelly Clark/UC Statewide IPM Program

Degree of reliance on natural enemy (pest present)

Pest not
Natural enemy/pest present None Somewhat Mostly Entirely
...................................... Qe v e e
Vedalia beetle/cottony cushion scale
All regions (379)* 70.7 116 5.0 58 6.9
Northern (14) 71.4 7.1 7.1 7.1 7.1
San Joaquin Valley (136) 61.8 103 8.8 9.6 9.6
Coastal-Intermediate (195) 76.9 12.8 3.1 2.6 4.6
Interior (29) 724 6.9 0.0 10.3 10.3
Desert (4) 75.0 25.0 0.0 0.0 0.0
Aphytis melinus/California red scale
All regions (378) 51.6 222 9.3 5.6 114
Northern (13) 61.5 7.7 7.7 7.7 154
San Joaquin Valley (132) 40.2 35.6 9.8 7.6 6.8
Coastal-Intermediate (197) 57.9 16.2 8.6 5.1 122
Interior (3) 50.0 133 10.0 0.0 26.7
Desert (4) 100.0 0.0 0.0 0.0 0.0
Euseius tularensis/citrus thrips and citrus red mite
All regions (369) 45.0 36.0 7.3 5.4 6.2
Northern (14) 42.9 286 14.3 7.1 7.1
San Joaquin Valley (130) 18.5 554 123 7.7 6.2
Coastal-Intermediate (192) 63.5 224 4.2 3.1 6.8
Interior (28) 50.0 321 3.6 10.7 3.6
Desert 0.0 100.0 0.0 0.0 0.0

* Number of respondents is shown in parenthesis.

* Number of respondents is shown in parenthesis.
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The majority of survey respondents who reported having
cottony cushion scale or California red scale also reported using

biological control.

Desert region, while cottony cushion scale
was most common in the San Joaquin
Valley and least common in the Coastal-
Intermediate region.

Only 7.1% and 2.8% of respondents
applied a pesticide to control citrus red
mite and cottony cushion scale, and
these respondents were only 23% and
9% of respondents with these pests
present, respectively. For citrus red mite,
healthy orchards with abundant natural
enemies, such as E. tularensis, may be
able to tolerate high populations of both
pests without suffering economic damage
(Grafton-Cardwell et al. 2009). Vedalia
beetle and Cryptochaetum iceryae (in
coastal areas) keep cottony cushion scale
under control in most orchards, when not
disrupted by pesticides (Grafton-Cardwell
et al. 2009). The reported natural occur-
rence of E. tularensis was highest in the
Northern and San Joaquin Valley regions,
and lowest in the Desert and Coastal-
Intermediate regions (table 3).

Although cottony cushion scale was
the least commonly reported pest (table
2), vedalia beetle was the most commonly
reported natural enemy (table 3). Vedalia
beetle consumes only cottony cushion
scale and cannot survive without this
food source. Cottony cushion scale was
likely present in more orchards, with ve-
dalia beetle keeping it below detectable
thresholds.

Reliance on biological control. We
asked growers about the degree to which
they relied on vedalia beetle, A. melinus
and E. tularensis for pest control. While
26.8% reported having vedalia beetle
present (table 3), only 17.7% reported any
degree of reliance on it for cottony cush-
ion scale control (table 4). Reliance on ve-
dalia beetle was most common in the San
Joaquin Valley, where cottony cushion
scale was most prevalent. For California
red scale control, 26.3% relied on A. meli-
nus to some extent. Only 18.9% of respon-
dents reported relying on E. tularensis for
citrus red mite or citrus thrips control;
more than one-third reported they had

citrus thrips or citrus red mite and had
not relied on the predatory mite for
control, which could be due to their not
knowing that E. tularensis was present.

Determinants for using biocontrol

We performed a statistical analysis
of three groups of respondents: (1) all
respondents, (2) those who incorporated
some biological control into their pest
management programs and (3) those who

released A. melinus. Although large stan-
dard errors for most variables prevented
statistical significance of the difference in
means, the survey results did show trends
(table 5). Respondents who relied to at
least some extent on beneficial insects
for control had substantially more citrus
acreage than the average respondent.
The average years of farming experi-
ence was slightly higher for respondents
reporting some degree of reliance on A.
melinus than for the average respondent,
and even higher for those reporting some
degree of reliance on vedalia beetle and
E. tularensis.

Smaller shares of Asian and Latino
respondents indicated any reliance on
pest control provided by A. melinus. The

TABLE 5. Characteristics of survey respondents and those who relied on
or released natural enemies: Summary statistics

All Relied on Released Relied on Relied on
respondents wasp wasp beetle mite
Number of respondents 422 93 47 67 70
Farm characteristics
Nonorange acreage (%) 39.1 38.8 37.0 34.7 35.9
Average total citrus acres 76.4 224.7 402.1 199.0 253.0
Average total acres 167.6 347.0 632.9 2953 346.5
Average expected value per acre ($) 6,242 6,445 6,841 5,945 6,525
Growers with organic acreage (%) 14.5 10.8 6.4 9.0 8.6
Grower characteristics
Median education level College College College College College
degree degree degree degree degree
Average experience (years) 25.7 299 29.4 335 32.8
Female (%) 18.0 149 15.9 12.1 10.0
Race (%)
White 86.4 90.9 93.2 84.9 83.5
Asian 3.6 1.1 0.0 3.0 6.0
Latino 6.4 34 23 45 3.0
Other 3.6 4.6 4.5 7.6 7.5
Output sold through outlet (%)
Packinghouse/shipper 65.0 787 88.3 80.5 75.4
Processor 6.2 24 3.0 22 0.3
Other 21.7 33 4.3 1.6 2.9
Primary source of pest control information (%)
Pest control adviser 55.3 70.1 82.2 67.7 65.6
Extension agent 13.5 9.2 4.4 9.8 14.1
Other growers 8.1 23 0.0 32 4.7
Farm/chemical suppliers 7.2 0.0 0.0 1.6 1.6
Extension publications 43 34 2.2 6.5 4.7
Organic certifying agent 37 0.0 0.0 0.0 0.0
Trade magazines 1.1 1.1 2.2 0.0 0.0
Other* 6.6 13.8 8.9 1.3 9.4

* Includes insectaries and packinghouses, respondents’ own experience, Web research and entomologists.
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TABLE 6. Grower reliance on Aphytus melinus and augmentative releases:

Marginal effects of Probit modelst

Effect on probability of grower
relying mostly or entirely on

Effect on probability of

Explanatory variable A. melinus A. melinus release(s)
................................... Qe e e e e
Red scale degree-days —5.22 —-0.90
Natural enemy degree-days 8.36 0.88
Output to outlet (%)
Processor 0.07 0.12
Nonprocessor, nonpackinghouse 0.03 —0.23*
Nonorange acres (%) -22.78 -14.82
Expected value/acre ($1,000s) 0.04* 0.03*
Organic -5.28 -4.00
Total citrus acres 573 5.86*
Total citrus acres squared -0.06 -0.02
Total acres -8.27 0.18
Total acres squared 0.13 -0.01
Education 63.41%* 18.66
Education squared —6.26%* -1.97
Experience 0.15 -0.09
Experience squared 0.00 0.01
Primary information source (comparison base: pest control adviser)
Extension agent -11.81 -14.38*
Extension publications 27.10 10.45
Other growers -19.17 —
Chemical supplier — —
Trade magazinef = 46.57
Other source 16.51 11.65
Female 12.33 7.33
Ethnicity (comparison base: white)
Asian —23.56* —
Latino 43.52*%* 13.53
Other — —21.46%**
Region (comparison base: San Joaquin Valley)
Northern 40.26 14.51
Coastal-Intermediate 38.52*%* 22.39
Interior 51.86%** 31.29%
Cover crop 23.28 25.32
Hedgerow —-15.32 —21.36%**
N 154.00 167.00
Pseudo-R squared 0.1898 0.2826

# ** and *** indicate significance at the 10%, 5% and 1% levels, respectively.

t For continuous variables, percentages reported indicate how increasing the explanatory variable by one unit from its mean affects the
probability that a grower relies mostly or entirely on A. melinus or releases A. melinus. For binary variables (organic, information source,
female, ethnicity, region, cover crop, hedgerows), the percentage indicates how a move from the base category (e.g., white ethnicity) or
absence of a characteristic (e.g., no cover crops) to that category (e.g, Asian ethnicity) or characteristic (e.g., cover crops present) affects the
probability that a respondent relies mostly or entirely on A. melinus or releases A. melinus. Binary variables for which no marginal effect is
given were removed from the model because for each of those variables, all growers in the category did not rely on or release A. melinus.

A value of one for these binary variables perfectly predicts that the grower did not rely on A. melinus or release A. melinus, and the model

cannot be estimated with perfect predictors.

# One grower reported making augmentative releases of A. melinus and relying on trade magazines for information but did not report degree

of reliance on A. melinus.
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“other” ethnic group comprised a dispro-
portionately large share of the groups that
relied on vedalia beetle and E. tularensis
compared to the entire sample. In terms
of sales outlets, respondents who relied
to some degree on beneficial insects sold
a larger share of their output to packing-
houses and a smaller share to processors
and other outlets than the entire sample.
Over half of all respondents (55.3%) said
pest control advisers were their primary
source of information, but 65.6% to 82.2%
of those who relied on beneficial insects
listed pest control advisers as their pri-
mary information source.

A. melinus probability analysis

We performed statistical analysis
regarding two aspects of California red
scale control for the subset of respondents
who reported it present during the 2009
growing season. Using a Probit model,
we modeled the probability that a grower
relied mostly or entirely on A. melinus for
California red scale control — either by
using pesticides compatible with A. meli-
nus, thereby conserving the beneficial in-
sect, or by augmenting A. melinus through
releases of commercially produced
insects. Additionally, we modeled sepa-
rately the probability that a grower chose
to purchase and release A. melinus to aug-
ment a naturally occurring population.

A Probit model measures the effects of

predictor or explanatory variables on the
probability of an outcome occurring (e.g.,
augmentation of A. melinus); the explana-
tory values we tested are listed in table 6.

Economic factors. Among the eco-
nomic characteristics, an increase in the
expected value of production per acre
increased the probability that a respon-
dent relied on A. melinus and that he or
she released A. melinus. Both coefficients
were statistically significant. Also, as the
share of output sold to outlets other than
processors and packinghouses — such
as farmers markets, grocery wholesalers
and restaurants — increased, respondents
were less likely to make releases. The
price effects of scale damage may differ
for these outlets.

Acreage. Respondents with more
acres of citrus were more likely to make
releases than those with fewer acres,
probably because of economies of scale.
Releases must coincide with particular
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Since its introduction in 1888-1889, the vedalia beetle has successfully controlled cottony cushion
scale, an invasive pest that had threatened the California citrus industry.

stages in the California red scale cycle,
and the quantity needed depends on ex-
isting populations, which are determined
by population dynamics and previous re-
leases. Additionally, some pesticides that
provide control of common citrus pests
are toxic to A. melinus, so growers must
consider their entire pest management
plan when relying on A. melinus (Grafton-
Cardwell et al. 2009). For growers with
many acres of citrus, the time needed to
learn about and carry out A. melinus treat-
ments is more likely to yield sufficient
benefits to justify the time investment
than it is for growers with fewer acres.

Education. Educational attainment had
a positive and statistically significant ef-
fect on the likelihood that a respondent
relied mostly or entirely on A. melinus to
control citrus red scale. The effect of edu-
cational attainment, however, leveled off
at the graduate degree level.

Information sources. Primary sources
of pest control information were signifi-
cant predictors of both reliance on and
releases of A. melinus. Respondents rely-
ing on Cooperative Extension agents were
about 14% less likely to make releases
than those relying on pest control advis-
ers for their pest control information, and
the effect was statistically significant.

Ethnicity. Grower ethnicity had statis-
tically significant effects. Asian respon-
dents were 24% less likely than white
respondents to rely mostly or entirely on
A. melinus, while Latino respondents were

44% more likely than white respondents
to rely mostly or entirely on A. melinus.
Respondents of “other” ethnicity were
21% less likely to make releases than
white respondents.

Region. Not surprisingly, there were
regional effects. Respondents in the
Coastal-Intermediate and Interior regions
were 39% and 52% more likely, respec-
tively, to rely on A. melinus than those in
the San Joaquin Valley, probably because
of climatic factors favoring A. melinus
and biological control in those regions.
Respondents in the Interior region were
31% more likely to make augmentative
releases than those in the San Joaquin
Valley. Respondents in the Coastal-
Intermediate and San Joaquin Valley re-
gions had similar likelihoods of releasing
A. melinus, though for different reasons: In
the Coastal-Interior region, growers can
likely rely on A. melinus without releases
because of a favorable climate and the ap-
plication of compatible pesticides, while
growers in the San Joaquin Valley may
choose not to make releases because the
area’s climate impedes the establishment
of A. melinus.

Hedgerows. The use of hedgerows
(trees or shrubs planted around a field
of crops) decreased the likelihood that a
respondent made releases, although only
about 6% of respondents had hedgerows.
Hedgerows may provide additional habi-
tat or resources for beneficial insects or
may buffer orchards from nearby use of

pesticides toxic to A. melinus, decreasing
the need for releases.

Opportunities for UCCE

We were able to derive a few implica-
tions about the use of biological control
among citrus growers. First, many grow-
ers already incorporate biological control
into their pest management plans. The
majority of respondents who reported
having cottony cushion scale or California
red scale reported using biological con-
trol, although their degree of reliance on
it varied by pest, region and respondent
characteristics. Additionally, growers are
willing to incorporate releases of commer-
cially available natural enemies in their
pest management plans, as evidenced by
the quarter of all growers with California
red scale who currently release commer-
cially available A. melinus.

Besides A. melinus, other beneficial
insects that we surveyed are not com-
mercially available at this time. Vedalia
beetle is not likely to be produced com-
mercially. Given evidence that a variety
of beneficial insects (including two gen-
eralist predators, lacewings and minute
pirate bugs, which are currently com-
mercially available) collectively provide
some degree of biological control for
citrus thrips, production and augmenta-
tive releases of E. tularensis may not be
the most effective means of enhancing
the biological control of citrus thrips or
citrus red mite. Research suggests that
pruning and leguminous cover crops help
support larger populations of E. tularensis
(Grafton-Cardwell 1997; Grafton-Cardwell
and Ouyang 1995b). Increasing the use of
these practices and resources to attract
and support a variety of natural enemies
may be the most cost-effective approach
to biological control of citrus thrips.

Consistent with economic theory, re-
spondents whose operations and personal
characteristics predicted that they had the
largest potential gains from investments
of time spent learning and implement-
ing biological control were the ones who
chose to rely on biological control. If the
social benefits of biological control (posi-
tive benefits to the individual grower as
well as nearby growers) exceed the ben-
efits to the individual grower, the adop-
tion of biological control practices only
by growers with an individual incentive
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analysis. At the time of our survey, de-
tailed information on A. melinus releases
could only readily be found in English,
which favors growers whose first lan-
guage is English. While ethnicity should
not be conflated with English-language
skills, many Cooperative Extension docu-
ments in California are translated into

to do so will result in too little biological
control relative to the socially optimal
level (the level at which regional profits
are greatest). Comments from respon-
dents provided anecdotal evidence of pos-
itive spillover effects from neighbors who
released A. melinus, suggesting that the
social benefits are in fact greater than the

private benefits, at least in some instances.

To increase the net private benefit of
using biological control, subsidies could
be implemented in regions such as the
Coastal-Intermediate region and parts
of the San Joaquin Valley where it would
be cost effective to control California red
scale with A. melinus. Instead of direct fi-
nancial subsidies, free training workshops
or reminders about when key population
life-cycle events are occurring in specific
regions could be effective.

Currently, UCCE provides training
workshops and newsletters. Our analy-
sis suggests that expanding them could
advance the use of biological control;
only about 4% of respondents relied
on Cooperative Extension publications
as their primary source of pest control
information and only 13.5% relied on a
Cooperative Extension agent. The results
also suggest that efforts should be made
to draw more growers away from reli-
ance on farm and chemical suppliers for
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