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Introduction
The establishment of an exotic pest can cause extensive damage to
agricultural production. When a pest is introduced into a new
environment, it may multiply and spread rapidly because of the absence
of the natural controls that keep the pest managed in its native
environment. When an absence of natural controls is combined with a
lack of grower experience of the new pest, and available technologies to
manage it, productivity will fall and costs of production will increase.
In extreme cases, in the most seriously affected regions, production may
become uneconomic. Over time, as experience is gained in managing
the pest and as new technologies are developed, the effects of the pest
on costs of production may be reduced or even eliminated.
Depending upon the pest and agricultural industry affected, substantial
benefits may flow from the development and introduction of new
technologies to manage newly introduced exotic pests. In cases where
the impacts of the pest are large, the benefits from a rapid and effective
industry response to a new pest can be substantial.
In late 1990 an exotic insect, the silverleaf whitefly (Bemisia argentifolii
(Bellows and Perring)) became a widespread problem for the vegetable
industries of the desert regions of Southern California. Significant crop
losses were caused to the melon, cole crop (broccoli, cabbage and
cauliflower), and lettuce industries, resulting in severe economic losses
to growers. Other broad leaf plants in agricultural and urban settings
suffered silverleaf whitefly damage. Heavy applications of traditional
chemicals were needed to control this pest. Greater use of chemicals
caused production costs to increase in order to obtain similar crop yields
and quality as before the infestation. The production of some crops
ceased altogether as a result of the extent of economic losses caused by
the silverleaf whitefly.

Introduction

The silverleaf whitefly was originally identified in 1986 in Florida
greenhouses as a new strain of the sweet potato whitefly. Because of
its rapid multiplication in warm climates and wide host range,
phytosanitary regulations designed to prevent the spread and
establishment of the exotic pest were not biologically feasible. A public
policy to import a natural enemy to control the silverleaf whitefly after it
became established also was not possible as the place of origin is not yet
known for this pest. Consequently, it was left to growers to manage the
whitefly problem using the private control technologies available at the
time.
At about the same time as when the silverleaf whitefly was introduced
into Southern California, Bayer Corporation began field trials of a new
chemical class of insecticides that showed promising results against
sucking insects, such as aphids and whiteflies. As will be shown, the
pre-emergent soil application formulation of the insecticide imidacloprid
proved to be the most cost-effective method of controlling the silverleaf
whitefly, compared to the next-best alternative. The soil application
formulation is marketed under the brand name Admire. To distinguish
the soil application formulation from the foliar spray formulation,
Provado, the brand name Admire will be used. Because the insecticide
was shown to be very cost-effective against the silverleaf whitefly, an
emergency-use permit was issued in 1993 for Admire on melon and cole
crop production in Southern California.
Admire is currently registered for use throughout California on a wide
variety of crops. This study examines the economic benefits from the
development and adoption of the new pest management technology by
several vegetable industries that are susceptible to the silverleaf whitefly.
Specifically, broccoli, cauliflower, cantaloupe, head lettuce and leaf
lettuce, and fresh tomatoes are analyzed.

Introduction

Previous studies of the economic impacts of new technology have mostly
concerned the effects of new machines or plant varieties that progressively
supplanted the pre-existing technologies because they meant higher yields
or lower costs. The introduction of new technology to combat a new
pest is different, in that the technology is for damage abatement, rather
than productivity enhancement, and in that the events tend to be more
discrete and concentrated, occurring over a comparatively short period
of time. The present study shows how the conventional approaches to
evaluation of technological change can be applied, with modification, to
evaluate the economic impacts of the introduction of new technology to
combat a newly introduced pest. The analysis considers only the benefits
and costs to producers and consumers from the adoption of Admire to
control silverleaf whitefly. It does not consider the costs of research and
development of the technology, nor any net returns to Bayer Corporation
from marketing Admire.

CHAPTER 1

Agriculture in California
Agricultural production in California is large-scale and diverse, reflecting
in part the variety of soils and climates that are found in the state. In
conjunction with these natural attributes, the development of
infrastructure (irrigation, food processing and transportation), the use of
technology, and proximity to markets have helped to develop a range of
agricultural industries of substantial economic significance, including
those vegetable industries affected by the silverleaf whitefly.

Agricultural Industries and Agro-Climatic Regions
Different crops are planted in different places and at different times
according to the diverse agro-climatic regions of California. California
has a Mediterranean climate with a cool rainy season from about
November through April or May and a dry season for the remainder. As
a result, an extensive irrigation infrastructure has been developed, which
allows cropping throughout the state and throughout the year depending
on the region and season. Extensive vegetable production occurs in
three main agro-climatic regions: the Central Coast, the Central Valley
and Southern California (Figure 1). See Appendix for a full listing of
the counties in each region.
Region 1 is the Central Coast. The Central Coast region experiences a
mild climate with an overall water deficit for cropping during the dry
season. The northern section is mountainous with peaks and narrow
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Figure 1
Agricultural Production Regions in California
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valleys. Soils used for agriculture are mainly alluvial along the river
valleys. The mountain areas are devoted to rangeland, and specialty
agriculture is seen on the valleys and coastal plain. The area comprising
the southern coast plain and adjacent mountains includes mountains,
alluvial fans and flood plains, and coastal terraces. Agricultural crop
types have changed over time from rangeland to more intensive use,
including vegetable production. Urban encroachment on farm land is
prevalent in the Central Coast region. One of the largest vegetable
production centers in this area is the Salinas Valley in Monterey County.
Region 2 is the Central Valley. The Central Valley region comprises the
San Joaquin Valley, the Delta of the San Joaquin and Sacramento Rivers,
and the Sacramento Valley. Soils vary regionally owing to differing
parent material and soil formation processes. The Central Valley has
hotter summers and cooler winters than the Central Coast. The use of
irrigation has allowed very high yields, and production of a large number
of crops and animal products (Scheuring 1983). Throughout the Central
Valley a variety of agricultural land uses are possible, and many areas
are cropped intensively, achieving high yields and production. Because
of its large size and location, Fresno County is one of the largest vegetable
producers in this area.
Region 3 is Southern California. Southern California is a semi-desert
area. It is warmer than the other two areas. Irrigation in the desert
regions has made possible year-round production of crops such as alfalfa,
row crops, fruits, and vegetables. The marketing advantage of being
able to produce and sell produce at times when competing products are
unavailable has made this region one of high economic value. The
Imperial Valley in Imperial County is the largest center of vegetable
production in this region.

Vegetable Crops
Vegetable crop production in California is particularly successful because
11
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the number of advantageous growing areas and climates mean that crops
can be grown in much of the year by moving to the most favored region
for each season. The three agro-climatic regions combine to make
California the largest producer of vegetable crops in the United States.
In 1995 the commercial value of principal vegetable crops in California
was $4.6 billion, which was 52% of the value of total U.S. production of
the same crops (USDA 1996).
The bulk of U.S. shipments of broccoli, cauliflower, lettuce, cantaloupes and tomatoes comes from California (Table 1) (USDA 1990 
1996a). California shipped 88% of total U.S. shipments of broccoli,
81% of cauliflower, 43% of cantaloupes, and 68% of head lettuce
(Table 1).
Tomatoes are grown for the processing and fresh vegetable markets,
and their combined value makes this the most important vegetable crop
in California. Fresh market tomatoes are grown in several regions,
including the Imperial Valley, the northern San Joaquin Valley and
Table 1
Shipments of Selected Vegetable Crops from California
and National Importance, 1995
Crop
Broccoli
Cauliflower
Cantaloupe
Head lettuce
Tomatoes  fresh
Tomatoes processing

Unit
1000
1000
1000
1000
1000
1000

cwt
cwt
cwt
cwt
cwt
tons

*This figure is farm production
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Shipments
7,179
3,364
3,147
28,031
10,011
10,607*

CA share of US
production (%)
88
81
43
68
46
94
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Southern California. Processing tomatoes are produced in the Imperial Valley, in the San Joaquin and Sacramento Valleys, and in the
southern Central Coast counties. In 1995, California shipments of
fresh tomatoes accounted for 46% of total U.S. shipments and processing tomatoes for 94% of total U.S. production (Table 1).

Seasonal Cultivation of Vegetable Crops in California
The vegetable growing seasons are complementary between the Central
Coast and Central Valley regions, and the Southern California region.
Because winters are warmer in the Southern California region than in
the Central Coast region, cool weather crops such as broccoli,
cauliflower and lettuce, can be planted earlier in the growing season in
Southern California than in the Central Coast. Cool weather crop
plantings start in early September and continue until early December in
the Imperial Valley. Harvesting begins in early December and is
complete by mid-March. These crops are planted year-round in the
Salinas Valley in the Central Coast region, however, the peak harvesting
period is from mid-March through early December.
The Central Valley is too cold in winter for growing vegetables and
melons year round. Melons are planted starting in March and harvests
start in late June. Peak harvests occur from early July through late
September/early October. By contrast, there are two shorter growing
seasons for melons in Southern California. Spring planting of melons
is from February through March and the fall crop is planted from midJuly to mid-August. Spring-planted melons are harvested from June to
July and fall-planted melons are harvested from mid-October through
November.
Tomatoes are grown throughout California. The timing of planting
and harvesting varies among regions. Planting starts in February in
the Imperial Valley, and in late March in the Central Coast and Central

13
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Valley regions. Tomato harvests are from May through June in the
Imperial Valley, from May to December in other areas of Southern
California, and from June to November elsewhere.
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The Silverleaf Whitefly Infestation
in California
In 1991, the silverleaf whitefly caused widespread damage to agricultural
crops planted in Southern Californias desert valleys. The primary hosts
of the silverleaf whitefly are broadleaf vegetable crops including lettuce,
cole crops (broccoli, cauliflower, cabbage), cucurbits (melons,
cucumbers), tomatoes and cotton. Cantaloupes are especially susceptible
to the silverleaf whitefly. Secondary hosts include broadleaf weeds and
some broadleaf plants in urban areas (Cline 1993).

Etiology
The silverleaf whitefly is a new variety of whitefly first discovered in
Floridas poinsettia greenhouses in 1986 (Barinaga 1993). The whitefly
spread rapidly across the southern United States, and by 1991 was causing
widespread damage to crops in Arizona and California. Because the
pest looked identical to a whitefly species known as the sweet potato
whitefly (Bemisia tabaci), entomologists classified it as a new strain
(strain B) of that species.
However, strain B of the sweet potato whitefly proved to be more
destructive than strain A and more resistant to insecticides (Perring et al.
1993b). During 1992 entomologists at the University of California,
Riverside, reclassified the sweet potato whitefly strain B as a new species,
the silverleaf whitefly (Bemisia argentifolii), based on genomic and
15
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behavioral characteristics (Perring et al. 1993a).

Geographical Spread
Owing to the hotter temperatures in Southern California, the silverleaf
whitefly reaches its greatest numbers and inflicts its greatest damage to
crops there. During 1992, infestations of silverleaf whitefly were
confirmed in the southern counties of the San Joaquin Valley (Gruenhagen
et al. 1993). Outbreak populations of the silverleaf whitefly have occurred
as far north as Sutter County in the Central Valley (Burnham 1993).
However, owing to cooler temperatures, pest damage in the San Joaquin
Valley and the Sacramento Valley was not as severe as in Southern
Californias desert counties.
There have been localized outbreaks in Tulare County (Central Valley
region) in the foothills of the Sierra Nevada range (Manuel Jimenez,
personal communication, 1996). It is believed that the silverleaf whitefly
overwinters in the citrus groves, then multiplies and infests vegetable
crops lower down in the Valley as temperatures increase. The silverleaf
whitefly is not expected to be a problem in the Salinas Valley and Central
Coast region where it is cooler (Parrella, personal communication 1996;
Perring, personal communication 1996). Figure 2 shows the main areas
susceptible to whitefly damage.
The silverleaf whiteflys place of origin is unknown at this time, and so
its natural enemies are also unknown and cannot be imported to control
the infestation. Research, using predators such as lacewings has had
limited success (Parella, personal communication, 1996).

Impact on Specific Crops
Infestations of silverleaf whiteflies may affect the quantity of crops
produced, the quality of the crop that does mature, and the number of
16
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Highly Susceptible
May be Susceptible
Not Susceptible

Imperial
Valley

Figure 2
Regions Susceptible to Silverleaf Whitelfy Damage
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days to harvest if no control is undertaken. The extent of these impacts
differs among crops. Data on the impacts on yields and marketable quality
were obtained from a variety of sources. When available, published
research on the use of Admire, as opposed to the next-best alternative,
provided one source of information. Because field trials do not always
mimic what is experienced by growers, the results of the published
research were supplemented by interviews with University of California
Cooperative Extension personnel, state representatives working in County
Agricultural offices, and Bayer field representatives.
Whitefly infestations also cause a delay in maturity and, consequently,
growers miss their targeted harvest dates. The crop then reaches markets
when supplies from other regions are arriving and prices are lower. This
may also cause shortages and higher consumer prices during the planned
harvest period.

Broccoli
The whitefly reduces broccoli yield in two ways. Both the number of
marketable crowns and the size of the crowns decrease significantly (Yee
and Toscano 1997). In addition, the broccoli stalks may change to a pale
white color below the floret if no control is undertaken. Growers will
often discard heads with affected stalks.

Cauliflower
Whitefly-infested cauliflower may fail to meet size and weight
specifications if no control is undertaken (Natwick, Palumbo, and Engle
1996). Since cauliflower is bought from the grower by head count per
box, but sold by the pound, if the product fails to meet minimum
specifications of either size or weight, then the price paid to the grower
is substantially reduced. There may also be a delay in the harvesting
date in addition to, or instead of, a yield decline. There are no color
changes or other quality effects on the cauliflower head.
18
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Cantaloupes
Feeding by whitefly nymphs causes a reduction in size and the percentage
of sugar in cantaloupes if no control is undertaken (Riley and Palumbo
1995a). The honeydew excreted by the whitefly also causes the formation
of sooty mold on the fruit. The reduction in sugar and the appearance of
sooty mold make the fruit difficult to market.
In Southern California cantaloupes are planted in either spring or fall.
The extent of the whitefly-induced reductions in quality and yield depends
on the time period in which the crop is grown. The spring-planted
cantaloupes are put in when the weather is cooler and whitefly populations
are relatively low. The fall-planted crop is put in when the weather is
warmer and the populations are higher. In Southern California the quality
and yields of fall-planted cantaloupes decreased to the point where it
became economically infeasible to grow this crop there.

Lettuce
The whitefly has a major impact on lettuce by causing color changes
and a severe reduction in weight if no control is undertaken (Palumbo et
al. 1996). Feeding by nymphs can cause chlorosis, or yellowing, of the
leaves. In other cases, yields are reduced in conjunction with quality
loss. Yields are reduced through fewer heads forming, smaller heads
forming, or by the spread of lettuce infectious yellow virus or other viruses
by the whitefly. There is no delay in the harvest date.

Tomatoes
The whitefly affects the quality of tomatoes more than yield because the
tomato plant is not a primary host for the whitefly. However, even low
infestations of whiteflies can cause major damage to the quality of the
19
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fruit (Summers et al. 1997). The salivary toxins of the nymphs lead to
irregular ripening. Fresh-market tomatoes are picked at the green stage
in the field before the irregular ripening effects are visible. After the
tomatoes are gassed to induce ripening, the irregular ripening becomes
apparent.
For fresh tomatoes, there may be an ultimate yield loss because culling
for irregular ripening after the harvest may be needed. With processed
tomatoes, symptoms of irregular ripening may not be obvious externally.
Processed tomatoes are harvested after they have ripened in the field.
There may be no external indication of irregular ripening even though
internally the fruit may have turned white, depending on the variety.
Culling in the processing plants after harvest reveals the damage caused
by the whitefly.

20
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CHAPTER 3

Silverleaf Whitefly Management
Pest control technologies available when the silverleaf whitefly became
established in Southern California were not effective in reducing pest
populations. Effective control was achieved by changes in cultural
methods, by the issuing of emergency use permits for previously
developed chemical pesticides, and by the application of a new pest
control technology in the final stages of development. The new
technology resulted from the development of a new class of chemical
pest controls. It was the development of this class of insecticides that
proved to be the most cost-effective method for managing the silverleaf
whitefly, compared to the combined use of the first two methods.

The Development of Admire
Crop yields and quality were improved by using imidacloprid to manage
the silverleaf whitefly. Admire is the soil application formula of
imidacloprid. The chemistry upon which imidacloprid is based was first
synthesized by chemists working at Bayer during February 1985 (Miles
1996). Imidacloprid is a member of a new chloronicotinyl group of
insecticides. Previously there were three chemical classes of insecticides
effective on whiteflies: pyrethroids, organophosphates, and chlorinated
hydrocarbons. The continual use of these three chemical classes has
resulted in the development of insect resistance, and the need to apply
more insecticides and combinations of insecticides over time to maintain
effective pest control.
21
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The new chemistry is classified as a nitroguanidine, which is a subset of
the chloronicotinyls. It exhibits a similar mode of action as nicotine
would on an insect. It binds to the nicotinic receptor site of the insect
nerve and causes the insects nerve to fire uncontrollably, leading to
muscle paralysis and death (Miles 1996). This receptor is more common
in insects than in other animals. As a result, chloronicotinyl insecticides
are almost harmless to mammals, fish, and birds.
As the chemistry developed, testing showed that excellent results were
observed on a variety of sucking insects (aphids, whiteflies, leafhoppers),
Coleoptera (beetles and weevils), and micro-Lepidoptera (butterflies and
moths) pests (Miles 1996, Rice 1996). By the early 1990s field tests
were being carried out to examine its effectiveness, both in soil
applications and as a foliar spray. The results showed that the soil
application, now marketed as Admire, was effective, and negated to
varying degrees the need to apply other insecticides later (Rice 1996).
Admire is applied to the soil, close to or just below the seed during
planting. Admire is systemic and is absorbed through plant roots and
translocated to developing stems and leaves by sap flow (Rice 1996).
As the seed germinates, the leaves take up the Admire and it protects the
plant continuously. During Admires residual life, other pesticides are
not needed for whiteflies and other susceptible pests. Should another
pesticide be needed, one of a different chemical class than imidacloprid
is recommended in order to prevent the development of pest resistance.
No cross-resistance of the chloronicotinyl class of insecticides has been
observed with the other three chemical classes currently available (Miles
1996, Rice 1996).
Admire carries the Caution warning on the product label (Miles 1996).
Insecticides receive a Caution warning if they are considered to be
only slightly toxic to organisms other than insects. The imidacloprid in
Admire is highly toxic to certain insects, but has a very high safety factor
for mammals and other organisms. Imidacloprid does not demonstrate
22
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any eye or skin irritation nor any dermal sensitization potential for
humans. Admire also degrades rapidly in water or when exposed to
sunlight.
The insecticides most commonly used to treat the silverleaf whitefly
before Admire was developed were Capture (bifenthrin) and Thiodan
(endosulfan) (Engle 1996). Both of these are foliar insecticides and
were usually applied together. The insecticides did control the silverleaf
whitefly, however a problem is that the whitefly feeds on newly emerging
leaves. A grower would spray the crop, and the insecticide would lodge
on the leaves and kill the whitefly as it came into contact with it. As the
plant grew, new leaves emerged which did not have any insecticides on
them, and whiteflies from adjacent hosts would feed on those leaves.
The grower was then obliged to spray the crop again. In some instances
growers needed to spray every 4 to 5 days for a period of time in order to
control the silverleaf whitefly (Engle 1996).
Admire is the most cost-effective method for controlling the silverleaf
whitefly. Because the insecticide is absorbed continuously from the soil
and translocated throughout the plant as it grows, one application provides
extended control. After the Admire has degraded, up to 2 additional
foliar sprays may then be needed to prevent economic damage to the
marketed crop. For crops planted in the fall, however, no additional
whitefly control may need to be undertaken since whitefly populations
are lower in cooler weather.

The Adoption and Use of Admire
In 1991, when the silverleaf whitefly infestation first occurred, Admire
was still undergoing testing, and was not registered for use in California.
It is illegal to use non-registered pesticides in California and the
registration process normally takes some time as federal registration must
precede state registration. Federally registered insecticides are used under
Section 3 of FIFRA (Federal Insecticide, Fungicide and Rodenticide Act).
23

Chapter 3

6CDNG
5GEVKQP'OGTIGPE[7UG2GTOKVUHQT#FOKTGKP%CNKHQTPKC
%TQR

5GEVKQPWUGRGTOKVUKUUWGFD[%CNKHQTPKC&GRCTVOGPV
QH2GUVKEKFG4GIWNCVKQP

$TQEEQNK
%CWNKHNQYGT

(KTUVKUUWGF#WIVQ#RTKNHQT
+ORGTKCNCPF4KXGTUKFGEQWPVKGUCETGU
OCZKOWOCTGC0QVHQTWUGQPXGIGVCDNGUITQYPHQT
UGGF4GKUUWGF#WIVQ#RTKN0QV
HQTWUGQPXGIGVCDNGUITQYPHQTUGGF

.GVVWEG

(KTUVKUUWGF#WIVQ&GEHQT
+ORGTKCNCPF4KXGTUKFGEQWPVKGUCETGU
OCZKOWO0QVHQTWUGQPXGIGVCDNGUITQYPHQTUGGF
4GKUUWGFHTQO#WIVQ#RTKN

%WEWTDKV
KPENWFKPI
ECPVCNQWRGU

(KTUVKUUWGF(GDVQ(GDHQT+ORGTKCN
CPF4KXGTUKFGEQWPVKGUCETGUOCZKOWOCTGC
0QVHQTWUGQPXGIGVCDNGUITQYPHQTUGGF4GKUUWGFHQT
(GDVQ(GDHQTCNNEQWPVKGU
CETGUOCZKOWOCTGC0QVHQTWUGQPXGIGVCDNGUITQYP
HQTUGGF

6QOCVQGU

1PN[KUUWGFQPEG,WPGVQ/C[HQT
+ORGTKCN1TCPIG4KXGTUKFGCPF5CP&KGIQEQWPVKGU
CETGUOC[DGVTGCVGF0QVHQTWUGQPXGIGVCDNGU
ITQYPHQTUGGF

However, in cases of widespread pest infestations, it is possible to apply
to the California Department of Pesticide Regulation for a temporary
exemption to the registration rules for specific crops on a restricted
amount of acreage in specified counties.
Admire was first used by California growers in the Imperial Valley on
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cole crops during 1993 under a Section 18, Emergency Use Permit, and
then again in 1994 when the exemption was re-issued (Table 2) (Cline
1996). For lettuce, a Section 18 exemption was first issued in 1993 for
Imperial and Riverside counties, and then re-issued in 1994 for a further
12 months. For tomatoes, a Section 18 exemption for Admire was issued
only once in 1994 for one year. For cantaloupe, a Section 18 exemption
for Admire was first issued in February 1995 for one year (in Imperial
and Riverside counties) and then re-issued in 1996 for a further year (all
counties). Use of Admire on melons is ongoing under a Section 18
exemption (Engle 1996).
Among the crops considered in this research, acreage treated with Admire
under the Section 18 exemption increased for lettuce, but decreased for
cole crops between 1993 and 1994 (Table 3). In 1994, tomatoes had the
smallest number of acres treated annually with an Admire exemption,
while cucurbits had the most. Data were not available separately for
melons and other types of cucurbits.
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Table 4
Use of Admire, by Crops and Counties
Year and County

1995

Imperial

Broccoli

Lettuce
Leaf

9,806

2,544

Cantaloupe

5,926
79.3%

3,237
63.4%

22,232
44.1%

6,144
41.4%

14,928
58.1%

Acres Treated
Acres Planted
Proportion Treated

1,856
2,994
62.0%

475
591
80.4%

1,393
1,904
73.2%

1,794
2,371
75.7%

1,672
2,899
57.7%

Acres Treated
Acres Planted
Proportion Treated

6,554
8,920
73.5%

2,527
3,828
66.0%

11,199
24,136
46.4%

4,338
8,515
50.9%

10,345
17,827
58.0%

Acres Treated
Acres Planted
Proportion Treated

5,260
7,092
74.2%

1,971
3,710
53.1%

12,146
22,101
55.0%

4,462
6,944
64.3%

14,582
16,735
87.1%

Acres Treated
Acres Planted
Proportion Treated

2,135
3,673
58.1%

511
747
68.4%

1,631
2,127
76.7%

2,025
2,153
94.0%

1,254
3,684
34.0%

Acres Treated
Acres Planted
Proportion Treated

7,395
10,765
68.7%

2,482
4,457
55.7%

13,777
24,228
56.9%

6,487
9,097
71.3%

15,836
20,419
77.6%

Acres Treated

7,033

1,963

9,704

3,421

14,525

Acres Treated

701

148

840

1,097

4,246

Acres Treated

7,734

2,111

10,545

4,517

18,771

All Counties

2,052

Head

Acres Treated
Acres Planted
Proportion Treated

Riverside

4,698

Cauliflower

8,673

1996

Imperial

Riverside

All Counties

1997

Imperial

Riverside

All Counties
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Since Admire received its first federal and state registration for selected
crops in 1995, it has been used on broccoli, cauliflower, lettuce, and
tomato crops in various Southern California counties, including Imperial,
Riverside, San Diego and Orange counties. Imperial County has the most
acreage treated with Admire among all Southern California counties.
Growers in San Diego and Orange counties have applied Admire to the
fresh tomato crop only. The data on application rates of Admire under
federal and state registration are from pesticide use reports from the
Agricultural Commissioners Offices in Imperial, San Bernardino (for
both San Bernardino and Riverside), Orange, and San Diego counties.
The number of Admire-treated acres increased for broccoli, lettuce and
cantaloupes in Imperial County, and for broccoli, cauliflower, and lettuce
in Riverside County from 1995 to 1996 (Table 4). The number of Admiretreated acres decreased for cauliflower in Imperial County and for
cantaloupe in Riverside County during the same time period. Even
though acres treated with Admire increased for broccoli in Imperial
county and cauliflower in Riverside county, the proportion of treated
acres to planted acres decreased from 1995 to 1996. Lettuce in both
counties and cantaloupes in Imperial County show an increase in the
proportion of acres treated with Admire. Data on the number of acres
planted for each crop were unavailable for 1997 at the time of writing.
The number of acres treated with Admire also increased for fresh and
processed tomatoes in Imperial and Riverside Counties, and decreased
in Orange County from 1995 to 1996 (Table 5). Data were not available
for San Diego County for 1995. Not only did the number of acres increase
in Imperial and Riverside Counties, but acres treated increased as a
proportion of acres planted. The proportion decreased in Orange County,
however Orange County still has the largest proportion of acreage treated
with Admire for fresh tomatoes. In 1997, growers continued to apply
Admire when growing fresh tomatoes; however, acres planted with
processed tomatoes were not treated with Admire.
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Figure 2
Regions Susceptible to Silverleaf Whitefly Damage
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Even though Admire is not applied on all acreage, fall crops put in while
the weather is warm at the start of the season will have the largest
proportion of planted acreage treated with Admire. As the season cools
off, the silverleaf whitefly is less of a problem and there are fewer
applications of Admire. Conversely, at the start of the spring planting
season the weather is cool and Admire is not applied. Cultivations and
planting later in the season may get treatments with Admire (Vince
Wavra, personal communication, 1996).
Admire is being used in Stanislaus County (Central Valley region) by
about 50% of the growers on melons under a Section 18, Emergency
Use Permit (Jesus Valencia, personal communication, 1996). This is to
control aphids that carry viruses. The silverleaf whitefly has been seen
from time to time in Stanislaus county since 1991. It has not caused
significant problems so far. However, given the widespread crop losses
in Southern California, growers do not want to take the risk of a major
loss due to the silverleaf whitefly. Admire is being applied
just in case the silverleaf whitefly does ever become a threat (Jesus
Valencia, personal communication, 1996). Admire was registered for
use in the Salinas Valley late in 1995. Admire will be used in the Salinas
Valley primarily for aphid control on lettuce, cole crops, peppers, and
tomatoes (Cline 1996).
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Trends in Vegetable Crop
Production
Severe pest infestations can have a major impact on agricultural
industries. This section examines the overall trends in acreage planted,
yields, and changes in planting dates from before the silverleaf whitefly
infestation to the present. The changes in the Imperial Valley are
compared and contrasted with those in the other counties that are major
producers of the same crop.

Acreage Planted
Average acreage planted to broccoli, cauliflower, lettuce, cantaloupes
and tomatoes in the Imperial Valley from 1993 to 1996 has been much
lower than before the start of the silverleaf whitefly infestation, except
for fresh tomatoes (Table 6). Acreage planted to broccoli, cauliflower,
head lettuce and processed tomatoes in the Imperial Valley decreased
between 33% and 76%. Acreage of fall-planted cantaloupes was almost
completely eliminated, and accounts for much of the decrease in overall
acreage (Natwick 1997).
By contrast, acreage planted to these same crops increased in Monterey
County for broccoli, cauliflower and lettuce, and in Fresno County for
fresh and processing tomatoes. Cantaloupe acreage decreased in Fresno
County, however. Acreage planted to broccoli, cauliflower, lettuce and
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cantaloupes in the Imperial Valley has remained steady from 1993 to
1997. Little evidence exists of a recovery of acreage to the same level
as before the infestation.

Yields
In contrast to the change in acreage, average yields per acre in the Imperial
Valley recovered or increased since 1993, when Admire first became
available. The time periods compared are separated into the period just
prior to the whitefly infestation (1986-91), the first full year after the
identification of the whitefly, and the period after Admire became
available (1993-96) for which data existed. In the Imperial Valley the
greatest increase in yields per acre between the 1986-91 and 1993-96
time periods was for cantaloupes (Table 7). Head lettuce production
does not show any increase in average yields between the two periods.
However, during the 1993-96 period, yields in 1994 were exceptionally
low, and in both 1993 and 1995 yields were higher than in any previous
year. Processed and fresh tomato yields show only a 5% to 25% increase,
but in 1995 yields of fresh tomatoes were almost double those in 1994.
For processed tomatoes yields in 1995 were 56% higher than yields in
1994, and almost 20% higher than the previous highest yield, in 1986.
Yields in Monterey and Fresno Counties for the relevant crops do not
show the same pattern. Yields were up for broccoli, cantaloupes and
processed tomatoes, but down for head lettuce, cauliflower, and fresh
tomatoes. Also, in Fresno County, except for processed tomato
production, the changes in the average yields per acre were not as dramatic
as in Imperial County.
Although there has been an increase in yields per acre in the Imperial
Valley since Admire became available, the decrease in acreage from 198691 levels has tended to counter the yield increases, and overall production
in Imperial County for the crops under consideration has been lower on
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average since the silverleaf whitefly infestation.

Produce Prices and Planting Dates
Agricultural commodity prices fluctuate from month to month over the
course of a year. Figure 3 shows the average price received in California
for each of the commodities under consideration from 1988 to 1995
(USDA 1990-1996).
Prices peak for broccoli, cauliflower, and head lettuce in December. The
average price received for broccoli is 46% higher in December than the
average price received in January (Table 8). The average price for
broccoli is 20% higher in January than in February (USDA 1990-1996).
Cauliflower prices average 50% higher in December than in January,
and January prices are just about the same as February prices. Lettuce
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Figure 3
Average Monthly Prices for Selected Vegetable and Melon
Crops, 1988-95
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prices are just about the same in November and December, however,
these prices are about 25% higher than prices received in January.
For the months when prices are recorded by the USDA in the Summary
of Agricultural Prices, average prices are highest for fresh market
tomatoes in May, and highest for cantaloupes in June, October, and
November. Tomato prices are 49% higher in May than in June. Tomato
prices also increase at the beginning of fall. Prices in October, November,
and December are from 17% to 43% higher than in July and August.
Average cantaloupe prices in June are 17% higher than May prices, and
74% higher than in July. Cantaloupe prices are about 24% higher in
October and November than in September.
Growers in Southern California, especially the Imperial Valley, are able
to take advantage of monthly price peaks under normal growing
conditions. However, in response to whitefly pressures when the weather
is warmer, growers often shifted their planting times to cooler parts of
the year. The fall planting season for broccoli, cauliflower, lettuce, and
cantaloupes shows the greatest changes in the proportion of the crop
that was marketed each month at the height of the infestation (Table 9).
During this time growers shifted their planting dates to a later part of the
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year.
For broccoli about 20% of the crop was marketed in December from
1988 to 1990. At the height of the infestation only about 12% of the
crop was marketed during December. This went back up to 20% in
1993, the year in which Admire became available under the Emergency
Use Permit. Cauliflower and head lettuce show the same pattern. The
percentage of the crop marketed during December decreased right after
6CDNG
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the infestation became severe and increased to previous levels after 1993.
For cantaloupes the percentage of the crop that was marketed during the
fall months decreased significantly as a result of the whitefly infestation.
Before the infestation, about 14% was marketed during October and 7%
during November. Since the infestation these figures have fallen to 1 
2%. However, the change in the share of the cantaloupe crop marketed
each month is more a reflection of the cessation of production of fallplanted cantaloupes than a shift in planting dates. As described earlier,
acreage of fall-planted cantaloupes all but disappeared after the whitefly
infestation. It had begun to recover after Admire became available;
however, a wilt disease has been identified in fall-planted cantaloupes
and production is back down (Natwick 1997).
For tomatoes the percentage of the crop that was marketed during May
decreased during the time of the infestation before Admire became
available. This reflects, in part, the absence of data for Imperial County
during 1991. In Imperial County tomatoes are marketed only in May
and June. Before the infestation about half of the crop was marketed in
May and half in June. In 1992 about 75% of the crop was marketed in
May. Since 1993 about half of the crop is now marketed in May and half
in June. The shares for other counties in Southern California would not
change substantially from the shares in Table 9 for all years if Imperial
County were eliminated from the analysis.
The data on acreage, yields and changes in marketing dates all show that
there were significant changes in production for selected vegetable crops
in the Imperial Valley and the rest of Southern California. However, this
is based on data for which it is difficult to separate the impacts of the
development of Admire from the impacts of changes in other things.
The data do not distinguish between changes caused by changes in pest
infestations, disease or weather conditions. One problem in interpreting
the results on acreage and yields is that California was suffering a severe
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drought when the silverleaf whitefly became a nuisance in Southern
California.
Because the drought ended at about the same time as when Admire first
became available to growers, it is difficult to distinguish between these
two effects on changes in crop production. Also, because of a disease
that has affected fall-planted cantaloupes, it is no longer recommended
to grow them in the late summer and early fall in the Imperial Valley
(Mayberry, personal communication, 1998). As a result, the analysis of
the economic benefits from the adoption of Admire to control the
silverleaf whitefly relies on experimental data on crop production. The
experimental data is supplemented with interviews of Bayer Corporation
and University of California Cooperative Extension scientists working
in the Imperial Valley.

38

CHAPTER 5

Measuring the Economic Effects
of Admire
The objective of this study is to measure the economic benefits and costs
of using Admire to control the silverleaf whitefly. Up to the fall of 1990,
the whitefly did not have any commercial impact in Southern California.
In 1991 and 1992, the silverleaf whitefly severely affected vegetable
crops, and the emergency use of Admire from 1993 and 1994 substantially
reduced the problem (Natwick 1997). The relevant comparison for benefit
measurement is the actual situation, involving the presence of whitefly
plus Admire, compared with a hypothetical situation involving the
presence of whitefly without Admire. In the without-Admire case, we
have to consider the next-best alternative, which is usually the use of
some other treatment.
From discussions with scientists and extension workers it seems that the
impact of Admire on whitefly-infested vegetable crops may involve
changes in yield, quality, harvesting dates, and costs of production. These
can be modeled in economic terms.

Underlying Economic Model
The underlying economic model of a commodity market used to measure
the benefit from a change in technology has been developed and applied
widely (Alston, Norton and Pardey, 1995). In the model used here, the
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Gross Annual Benefit (GAB) from using Admire, instead of the next
best alternative, is equal to the sum of benefits from the Admire-induced
increases in yield and quality, and premia for timing of the harvest, minus
any additional costs.
GAB is estimated as the proportional change in yield per acre (y), plus
the proportional increase in quality (or willingness to pay) per box (q),
plus the proportional increase in price per cwt gained by marketing at
the correct time (t), minus the proportional decrease in variable costs
from the application of Admire per acre (c), all multiplied by the actual
gross value of production with Admire in the presence of whitefly (GVP),
and then multiplied by the fraction of acreage (FA) on which Admire
was adopted. The proportional changes are calculated as (Admire 
Next-Best)/Admire. The model is therefore:
GAB = (y + q + t - c) *GVP*FA.
For example, if there is only a yield change, then the gross annual benefit
is the proportional yield change, times the gross value of production,
times the fraction of the crop that is affected (i.e., GAB = y *GVP*FA).
This model implicitly assumes that changes in production in the
California regions affected by whitefly and Admire are not sufficient to
appreciably affect the general level of market prices for the relevant
commodities. Such an approach was proposed by Griliches (1958), and
was later endorsed by Alston, Norton and Pardey (1995) and by Martin
and Alston (1997) as providing a close approximation to the gross benefits
from technical changes that have relatively small percentage impacts on
supply and costs (say, less than 10%). Even if market prices were affected,
the total economic benefits would still be closely approximated using
the model, although some benefits to consumers would then arise.
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Impact on Quantity Produced (y)
When Admire is used, yields may be higher or lower than when the
next-best alternative cultural practice is used. The change in yield is
estimated as the proportional difference between the number of
marketable heads or melons harvested when Admire is used, and the
corresponding number when the next-best alternative is used.

Impact on Price Received (q and t)
When Admire is used the price received may be higher because of quality
and timing effects, and these are also accounted for in this approach.
Two price effects were identified from discussions with research and
industry personnel. One effect comes from quality improvements (q)
associated with the use of Admire to control the silverleaf whitefly. The
difference in price, or a consumers willingness to pay for better quality
vegetables, is expressed as a proportion of the price when Admire is
used, compared with the next-best alternative. Vegetable producers
receive this benefit for each dollars worth of output produced using
Admire.
The second effect (t) is the proportional price reduction that occurs when
production is delayed beyond expected harvest dates and subsequently
lands in the market in a period when prices are lower. Because of the
niche production and marketing strategies used by vegetable producers
in Southern California, the effect of missing the
targeted market date is that prices are affected by different market
conditions. These price reductions are avoided by using Admire to meet
the preferred target date.

Cost Information (c)
Synthetic farm budgets of production enterprises, that are routinely
prepared by the University of California Cooperative Extension
Specialists, are one source of cost information for analyses such as this
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one. Per acre costs of land preparation, growing period and harvesting
costs are developed for a best or normal practice farm. These budgets
are developed in cooperation with vegetable growers. They can be
considered as representative costs of a representative farm.
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CHAPTER 6

Estimation of Farm-Level Economic
Benefits from Admire
The first step in the estimation of benefits was to identify what would be
the most likely alternative that would be used by a grower if Admire
were unavailable. In all cases, the next-best alternative would have
been to use some type of foliar spray treatment (Table 10). Data were
not available on changes in yields or monthly prices for leaf lettuce. As
a result, the scenarios for leaf lettuce were based on the same scenarios
as for head lettuce.

Treatment Alternatives
Using Admire, whitefly control consisted of a soil application of Admire,
followed by one or two foliar spray treatments of Asana and Phaser.
Asana is registered for use on all crops under consideration in this study
except lettuce. Therefore, lettuce did not have an extra foliar spray
treatment with the Admire application.
The foliar spray treatments in the next-best alternative consisted of two
or three applications of Capture and Thiodan, followed by one to three
applications of Asana and Phaser, depending on the crop. Broccoli and
cauliflower each received two applications of Capture and Thiodan, and
two applications of Asana and Phaser. Head and leaf lettuce each received
three applications of Capture and Thiodan, and two applications of Asana
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and Phaser. Cantaloupes received three applications of Capture and
Thiodan, and three applications of Asana and Phaser. Tomatoes received
three applications of Capture and Thiodan, and one application of Asana
and Phaser.
Two foliar spray regimes are specified based on California Environmental
Protection Agency (Cal EPA) restrictions. Thiodan and Phaser are both
brand names of endosulfan. Cal EPA restricts the use of these products
to two applications and two pounds of active ingredient (ai) per acre for
broccoli and cauliflower, and three applications and three pounds of active
ingredient per acre for lettuce, cantaloupes and tomatoes. Growers will
make two or three applications of Thiodan, depending on the crop, using
½ pound ai per application and two or three applications of Phaser using
½ pound ai per application.
Initial applications of Capture (the brand name of bifenthrin) were used
in estimation because Capture is more effective in controlling the
silverleaf whitefly than Asana (the brand name of esfenvalerate).
However, Capture is not currently registered for use on any vegetable
crops. Previous use of Capture on vegetable crops in the Imperial Valley
to control the silverleaf whitefly was done under a Section 18, Emergency
Use Permit in 1991 and 1992 (Natwick, 1997). It was assumed that the
Section 18 exemption would have been granted for Capture if Admire
had been unavailable. It was also assumed that Asana would be granted
a Section 18 exemption for lettuce.
Capture and Asana are used in combination with one of the endosulfan
insecticides because the endosulfan boosts the pest-control effectiveness
of the other chemicals. Endosulfan alone is not effective in controlling
the whitefly.
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Changes in Yields (y)
A number of studies have reported experimental results investigating
the effect of Admire on the number of silverleaf whitefly nymphs and
adults, as well as the number, size, and weight of vegetable plants for
commercial crops in Southern California and other states. In this section,
these studies are reviewed with respect to the effect of Admire on
commercial crop yields. The results are summarized in Table 10.

Broccoli
For broccoli, Yee and Toscano (1997) tested the effects of different
insecticides and adult action thresholds on silverleaf whitefly populations,
broccoli leaf areas and broccoli yields in the Imperial Valley of California.
Treatments with imidacloprid and foliar sprays significantly reduced
densities of adult whiteflies on broccoli throughout most of the season,
compared with non-treatment plots. The different treatments did not
affect photosynthesis, stomatal conductance, or lower leaf surface
temperatures.
Harvesting was done on two different dates; however, the total number
of heads harvested was not reported for the season. The percentage of
heads in different size categories for different treatments was reported.
The smallest size category was for heads too small to be marketable.
The proportional change in the percentage of marketable heads using
Admire and using 4 foliar spray treatments was used as an estimate of
the percentage yield change (Table 10).

Cauliflower
Palumbo and Coates (1996) investigated the effectiveness of spray
application methods of pyrethroid and endosulfan mixtures and soil
drenches of Admire for cauliflower. There was no significant difference
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in the size of cauliflower heads between treatments. The number of
heads harvested was 1.9% lower on the plots treated with the standard
spray application than on the plots treated with a soil drench of Admire.

Cantaloupes
Riley and Palumbo (1995a) investigated specific insecticide thresholds
for silverleaf whitefly in cantaloupes through experiments in Texas and
Arizona. In the Arizona work the insecticide treatment for whitefly was
Capture and Thiodan at four action threshold levels, and at an untreated
control. These levels were 1) a grower standard treatment which received
a side dress application of imidacloprid at the six to seven leaf stage (i.e.,
a soil application) plus two additional foliar applications of Capture and
Thiodan prior to harvest, 2) a foliar spray application when there were
three adults per leaf (ten applications in all), 3) a foliar spray application
when there were ten adults per leaf (six applications in all) and 4) a
treatment of weekly (calendar) sprays. Measurements included sampling/
counting whitefly nymphs, harvest quality and yield data.
The results showed that the 6 foliar spray treatments, when there were
ten adults per leaf, provided the economically highest return to growers.
At this rate, the number of melons harvested declined by 3.92%, compared
with the yield when Admire was used. The proportion of marketable
melons based on size and quality was the same using both the six foliar
sprays and the Admire treatments.

Head Lettuce
Palumbo, Kerns, Engle, Sanchez and Wilcox (1996) investigated the
effects of imidacloprid formulation and depth of soil placement on the
colonization of silverleaf whitefly, crop yield and incidence of chlorosis
(yellowing of the plants) in head lettuce. Their results at Yuma in 1993
and 1994 generally indicated that compared with the untreated and foliar
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spray plots, the imidacloprid placement treatments resulted in greater
numbers of lettuce heads per unit area. The number of heads harvested
was 3.88% lower on the plots treated with the foliar sprays than on the
plots treated with Admire. Less evidence of chlorosis was seen in the
plots treated with imidacloprid or foliar sprays than in the untreated plots.

Fresh Tomatoes
For tomatoes, Summers et al. (1997) investigated the effect of whitefly
feeding on ripening patterns. Four population densities of silverleaf
whiteflies, high (1300 nymphs per leaf), medium (300 nymphs per
leaf), low (120 nymphs per leaf) and slight (40 nymphs per leaf)
were achieved on fresh tomatoes under field conditions throughout the
season. At harvest the percentage of irregularly ripened fruit increased
with increased whitefly densities and ranged from about 21% under
slight whitefly pressure to about 50% under high whitefly pressure.
Low numbers of silverleaf whiteflies can cause substantial amounts of
irregular ripening, which coincides with evidence of irregular ripening
of processing tomatoes. The density of whiteflies did not affect individual
fruit weight or yield.

Changes in Quality (q)
No significant quality differences were noticeable between the Admire
treatment and the foliar spray treatment in the experimental results (Table
10). Quality entered two ways into the analysis. Either as a change in
color (white stalk, chlorosis, sooty black mold) or in the size of the
vegetable or melon harvested. The color changes were not noticeably
different between the two treatments. Also, discussions with vegetable
crop marketers revealed that if a crop in an entire region is affected with
white stalk, etc., then there is usually no price penalty for the discoloration.
Price penalties would occur only if a few fields were affected. Size
differences are accounted for in changes in marketable yields.
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Changes in Planting Dates (t)
Growers benefit from using Admire, especially in late summer, by being
able to plant crops that will be marketed during the months with higher
prices. This benefit was calculated by first multiplying the average crop
share for the appropriate time period (given in Table 9) with the average
monthly price for that crop (given in Table 8). The average crop share
for each month in the pre-Admire period was calculated as the average
for the years 1991 and 1992. The crop share for each month in the postAdmire period was calculated as the average for the years 1993 to 1995.
The average crop share times the average monthly price represents a
weighted annual price for each crop for each time period (Table 11).
The benefit was calculated as the proportional change in the weighted
annual price received for each crop between each time period.
As described earlier, broccoli, cauliflower, and fresh tomatoes were the
crops with the biggest proportional price changes during the months
Table 11
Changes in Annual Value Received due to Delayed Planting

Crop

Weighted Average Weighted Average
Annual Price
Annual Price
with Admire
Next-Best
Change*
($/cwt)
($/cwt)
(%)

Broccoli
Cauliflower
Head Lettuce
Cantaloupe
Tomatoes, fresh

26.18
30.45
13.49
19.93
29.13

24.70
28.38
13.00
19.40
27.24

5.63
6.78
3.62
2.66
6.46

*Actual values
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when growers were shifting their crop production. As a result, they
show the largest changes in the annual price received from being able to
harvest when prices for these crops are highest. Cantaloupes did not
have a shift in planting dates as much as a cessation in the fall-planted
crop. The proportional change in the annual price received resulting
from shifts in planting dates was lowest for cantaloupes (Table 11).

Changes in Production Costs (c)
The use of Admire to control the silverleaf whitefly has changed growers
production costs (Table 12). The production costs are for the use of
Admire and the next-best alternative as described in Table 10. Differences
were reflected in two places in the crop budgets prepared by University
of California Extension Specialists (Mayberry 1995).
The first was directly in the cost of insect control. The different control
regimes had different control costs depending on the numbers and types
of applications. The number of applications was given in Table 10.
Capture was applied at a rate of 5.76 ounce per acre and Asana at 9.6
ounce per acre. Thiodan and Phaser were each applied at a rate of twothirds quart per acre. Capture cost $429.35 per gallon, Asana $136.60,
Thiodan $36.50 and Phaser $36.34. Custom application rates were $15.00
per acre per application.
Application amounts for Admire were determined by calculating the
average amount applied per acre in 1995 and 1996 for each crop. The
data used were from pesticide use reports maintained by the County
Agricultural Commissioners Offices for Imperial, Orange, San
Bernardino (which maintains the database for both San Bernardino and
Riverside Counties), and San Diego Counties. Data were not available
for Riverside and San Diego Counties for 1995. Per acre application
amounts for Admire were 16 ounces for broccoli, 17.5 ounces for
cauliflower, 17.5 ounces for head lettuce, 17 ounces for leaf lettuce, 14
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Table 12
Changes in Per Acre Grower Costs Between Admire and
Next-Best Alternative
Spring
Canta.

Fresh
Tomato

4.15
-3.88

3.15
-3.92

4.25
0.00

1
0
435

1
0
715

1
2
458

1
1
1,248

1,151
406
73.78
31.24
2,148
3,810

1,123
415
73.78
0.00
1,936
3,547

1,188
482
71.73
0.00
2,967
4,708

832
336
59.42
62.48
1,442
2,731

1,875
637
51
31
5,304
7,899

4
465

4
502

5
418

5
687

6
440

4
1,248

Costs ($)
Production*
Land Rent & Overhead
Foliar Sprays
Harvest

901
372
143
1,861

1,151
406
143
2,107

1,123
415
184
1,861

1,188
482
184
2,852

832
336
215
1,385

1,875
637
134
5,304

Total Next-Best

3,278

3,807

3,582

4,705

2,768

7,950

Change in Costs (%)

-0.13

0.08

-0.98

0.07

-1.33

-0.65

Harvest Cost / Box ($)
Change in Yield (%)

Lettuce
Head
Leaf

Broccoli

Caulif.

4.00
-2.11

4.20
-1.92

4.45
-3.88

1
1
475

1
1
511

901
372
67.63
31.24
1,901
3,273

Admire Alternative
Admire Treatments (#)
Foliar Spray Treatments (#)
Yield (# Boxes)
Costs ($)
Production*
Land Rent & Overhead
Admire
Foliar Sprays
Harvest
Total Admire

Next-Best Alternative
Foliar Spray Treatments (#)
Yield (# Boxes)

*Excludes Silverleaf whitefly control
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ounces for cantaloupes and 12 ounces for tomatoes. The Admire cost
was $525 a gallon with a per application cost of $2.00.
The other place that cost changes entered into the budgets was in
harvesting costs. Harvesting costs are calculated on a per box basis.
With a decrease in yield there is a decrease in the number of boxes
harvested and a decrease in harvesting costs. Harvesting costs are
provided for each crop in Table 12.
The budgets used in the analysis were prepared by University of
California Cooperative Extension specialists in vegetable crop production
(Mayberry 1995). The budgets are based on representative cultural
practices for the 1994-1995 growing season. Production costs represent
all the direct costs associated with planting and growing the crop, except
the cost to treat the silverleaf whitefly. Land rent and overhead are indirect
costs and must also be included. The costs to control the silverleaf
whitefly were then calculated using Admire and using the next-best
alternative. Harvest costs were calculated by multiplying the harvest
costs per box with the expected yield using each control alternative.
Total costs were equal to silverleaf whitefly treatment costs plus all other
production, land rent, overhead and harvesting costs.
The change in costs is defined as the proportional change in total costs
from using the appropriate foliar treatment compared with Admire (Table
12). The proportional decrease in grower costs using the next-best
alternative to Admire was highest for cantaloupes and head lettuce,
and lowest for broccoli. Cantaloupes and head lettuce also had the
largest change in insecticide application costs for the next-best
alternative.
Leaf lettuce and cauliflower had positive cost changes. When Admire
was used to treat the whitefly, pest control costs were less than when
the next-best alternative was used; however, harvesting costs were

52

Estimation of Farm-Level Economic Benefits from Admire

greater. The additional harvesting costs more than offset the insecticide
cost savings.

Benefits from Using Admire
The proportional changes to yields (y), timing of planting dates (t) and
grower costs (c) are summarized in Table 13. The proportional change
from all sources is between 7% and 9% for all crops. Excluding fresh
tomatoes, the proportional changes are within 1% of each other. Broccoli
and cauliflower had greater benefits from timing changes, but lower yield
changes than lettuce and cantaloupes. The benefits for fresh tomatoes
were almost entirely from changes in planting dates.
The gross annual benefits (GAB) are calculated by multiplying (y + t c) by the gross annual value of production (GVP), and by the fraction of
acres (FA) on which Admire was used. The GVP was estimated as the
average value of production for each crop from 1993 to 1996 (Table 14).
Data on the fraction of acres on which Admire was adopted was based
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on 1996 values for every year, as 1996 was the only year for which data
were available on all crops for all counties (Table 14).
Total gross annual benefits as a result of using Admire to control the
silverleaf whitefly were $13,719,086 (Table 14). The benefits were
largest for head lettuce and cantaloupes, and smallest for cauliflower
and fresh tomatoes. Head lettuce and cantaloupes had the highest average
annual value of production from 1993 to 1996 as compared to the other
crops. Even though the gross value of production for cantaloupes was
about two-thirds the value of head lettuce, a relatively large gross annual
benefit for cantaloupes was estimated because Admire was applied to a
much larger fraction of acres of cantaloupes. The GVP for fresh tomatoes
was the third largest value, but Admire was only applied on about onethird of the tomato acres. The smallest gross value of production, and
the smallest GAB, among the crops analyzed was for cauliflower.
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Impact on Other Sectors
The estimated gross annual benefits reflect benefits to producers and
consumers of the products concerned, as measured in the markets for
those products. So long as the markets are competitive, and the concepts
of supply and demand being used are sufficiently general, these
commodity-market measures of benefits (and costs) will fully represent
all of the net benefits in the economy resulting from the adoption of
Admire. (The underlying, somewhat technical, issues are discussed fairly
completely in Just, Hueth, and Schmitz 1981, and summarized in Alston,
Norton, and Pardey 1995.)
Nevertheless, sometimes it is desirable to measure, in addition to net
social benefits to the state or nation as a whole, some more localized
measures of economic benefits measures such as effects on regional
income or regional employment. Such measures do not substitute for
the measure of net social benefits, they are measuring something
altogether different. In order to measure regional impacts, regional
multipliers can be used. For instance, the IMPLAN model involves
county-specific regional multipliers that show the effect of an additional
million dollars worth of vegetable production on (a) the value of total
economic output, (b) total personal income, and (c) employment (for
both 1994 and 1996). (Information on the IMPLAN model and the
multipliers was provided by George Goldman, U.C. Berkeley, personal
communication.)
For example, an output multiplier of 1.64 in Imperial county for vegetable
production on total economic output implies that, through multiplier
effects, an additional $13.7 million in the value of vegetable production
would mean an additional $22.5 million (13.7 times 1.64) in total
economic output from the county. Or, in the same county, a total
employment multiplier of 10.3 jobs per million dollars of vegetable output
in 1996 suggests that an additional $13.7 million in the value of vegetable
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output would mean an additional 141 jobs in the county. (Similar values
for the corresponding multipliers apply in the other counties, typically
with somewhat smaller output multipliers and somewhat larger
employment multipliers than in Imperial county, but the lions share of
the benefits from Admire would be generated in Imperial county.)
The problem with using these multipliers in this fashion is that whether
they are appropriate depends on the source of the additional value of
vegetable output. For instance, if it is simply a result of a higher price
for vegetables, the multiplier should be much smaller (more nearly 1.0)
than if it were a result of greater physical production because of a greater
quantity of inputs required to produce more output. Indeed, some of the
benefits from the use of Admire are in the form of saving inputs, so that
the effect on total (gross) income in the county may be smaller than the
effect on net income (i.e., the output multiplier might be less than 1.0,
and the employment multiplier might be negative).
In short, we cannot say with any confidence that there were any substantial
multiplier effects from the adoption of Admire, but an upper bound for
the employment effects would be 141 jobs, and an upper bound for the
total effect of Admire on regional income would be $22.5 million per
year. More likely estimates would be no significant effect on employment,
and an effect on regional income equal to the initial best estimate of net
benefits: $13.7 million per year. This is still a big benefit as a percentage
of gross income for the affected commodities in the affected counties.
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Use of Admire to Control the
Glassy-winged Sharpshooter
In July, 2000 Admire was granted a Section 18, emergency
use permit for control of another exotic pest, the glassywinged sharpshooter, in citrus. The glassy-winged
sharpshooter has been identified as the cause of the rapid
spread of Pierces disease in vineyards in Riverside County.
The disease has no known treatments, results in vine
mortality within a few years, and is a serious threat to the
billion dollar table and winegrape industries in California.
First collected near Irvine, California in 1989, the glassywinged sharpshooter was originally mis-identified as the
smoke tree sharpshooter, a pest native to California. It was
positively identified as the glassy-winged sharpshooter, a
pest native to the southeast United States, in 1994. Adult
glassy-winged sharpshooters are long-lived and multiply
slowly, with usually only one generation per year. It is a
more serious pest than native sharpshooters as it flies over
longer distances, has larger mouth parts, and feeds on a
larger variety of plants. Important commercial crops that
host the glassy-winged sharpshooter include grapevines
in the spring and citrus in winter as an over-wintering host.
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The glassy-winged sharpshooter has been identified as a
vector of Pierces disease in vineyards. Pierces disease
has been endemic to California since it was first recorded
in Orange County in the 1880s. The disease is caused by a
bacterium (Xylella fastidiosa) that enters a plants water
conducting tissues (the xylem), multiplies rapidly, and
eventually clogs the water and nutrient transport system.
The bacteria enters the plant during feeding as the
sharpshooter inserts its mouth into the plants xylem and
sucks the sap. If not controlled, the disease may also spread
from vine to vine.
No pesticide treatments exist for this disease. Historically,
control was achieved through pruning as native
sharpshooters are only able to feed on the tips of canes.
Removal of the infested portion prevented spread of the
disease throughout the vine, and in turn, from vine to vine.
Since the glassy-winged sharpshooter overwinters in citrus
groves and enters grape vineyards in the spring, winter
control of the sharpshooter in citrus groves has been
identified as an important deterrent to the spread of Pierces
disease. Admire was identified as a viable option to achieve
winter control in citrus and was therefore granted a Section
18 Emergency Use permit. Preliminary results indicate
that Admire reduces glassy-winged sharpshooter
populations by 85 to 90 percent in citrus in Riverside
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County. Research is underway to determine how the
reduction in glassy-winged sharpshooters in citrus affects
populations in grape vineyards.
In contrast to the control of the silverleaf whitefly on
vegetables, where use of Admire replaced the use of
alternative treatments, use of Admire to control the glassywinged sharpshooter on citrus is only one part of Pierces
disease management. An important aspect of its use on
citrus is that the grape industry is a beneficiary but does
not bear the costs. Citrus growers will only adopt the use
of Admire if the benefits to citrus production are greater
than the costs of using Admire in place of the next-best
alternative. Additionally, long-term control of Pierces
disease in grapevines will only be achieved through the
development of disease resistant rootstock. Therefore, the
benefit of private technologies arises from the decrease in
the rate of vineyard destruction until a better solution is
developed. ■
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Conclusion
Exotic pest infestations can have severe and widespread effects on
agricultural production. Consequently, state and federal regulations are
applied to exclude the pests from California. Despite these regulations
exotic pests do enter and become established. Once the pests are
established the problem is how best to control them. In some instances
federal or state agencies will develop protocols, or fund introductory
biological control programs. It is also the case that industry will respond
to the demand by growers for new, cost-effective, control technologies.
The silverleaf whitefly invasion provides an example of an industry
response to the demand for new pest control technologies following the
establishment of an exotic pest. In this case, the new technology was a
new class of insecticides, out of which was developed the insecticide
Admire. This technology proved to be the most cost-effective means of
managing the infestation.
Admire has been used effectively to treat silverleaf whitefly infestations
in the Imperial Valley and is being used to prevent possible silverleaf
whitefly damage in the Central Valley. A reduction in the acreage planted
to the more susceptible crops, including broccoli, cauliflower, lettuce,
cantaloupes and tomatoes, immediately followed the first serious
infestations of whiteflies in Imperial County. Since Admire became
available for use under the Section 18, Emergency Use Permit granted
by the California Department of Pesticide Regulation, average yields of
crops susceptible to the silverleaf whitefly have increased. As of 1996,
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though, it does not appear that growers are cultivating more acreage as a
result of having an effective insecticide to control the whitefly.
In our analysis, economic benefits are defined in terms of the differences
in yields, annual price received, and costs from using Admire to control
the silverleaf whitefly as compared with the next-best alternative. The
annual economic benefits of all these changes for the crops that were
primarily affected by the infestations were estimated at $13,719,086.
Over half of this value was from the benefits accruing to producers of
cantaloupes and head lettuce. Broccoli and cauliflower contributed the
smallest shares.
Shipment data show that there was a shift in planting dates to cooler
parts of the year in 1991 and 1992, and, consequently, growers were
unable to take advantage of seasonally higher prices. The use of Admire
has allowed growers to shift production to warmer parts of the year but
a complete shift back to previous planting dates has not yet occurred.
The benefits from changes in timing of planting and harvesting dates
were greatest for broccoli, cauliflower and fresh tomatoes.
Admire also results in lower cultural costs than using repeated foliar
sprays. The use of Admire changes growing and harvesting costs for a
representative farm. The proportional change in cultural costs was
greatest for cantaloupes and head lettuce.
Nearly ten years after the silverleaf whitefly became established in
California, Admire is still the most cost-effective method to control it.
While other chemical treatment technologies have been marketed for
silverleaf whitefly control, they have not proven to be more cost-effective
than Admire and have not been adopted for use by growers in the Imperial
Valley (Natwick, 2000). Public research is continuing on the development
of biological control techniques to manage this pest. ■
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