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SUMMARY



Based on available published information and persona communicationswith crop experts, BEAD
believes that the impacts resulting from the cancellation of diazinon on cole crops — Brussals sprouts,
broccoli, and cauliflower —will be moderate to maor on acreage with pest problems currently treated with
diazinon. The main cause of losses to producers will be due to reduced control of the cabbage root
maggot, which is currently controlled with a combination of chlorpyrifos a trangplanting and a followup
gpplicationof diazinon. No effective dternativeiscurrently available and yidd lossesare estimated a 10%
for the affected acreage. Cabbage aphid, green peach aphid, flea beetles, and lepidopterous larvee are
a so controlled with diazinon gpplications during the growing season. There are many effective dterndives
for these pests at some increase in production costs.

Totd areaaffected could be around 27,400 acres out of 194,300 acres devoted to cole crops.
BEAD edtimates losses on impacted acres ranging from 14% of net revenues for cauliflower growersin
Arizona, to over 90% losses to Cdifornia growers of cauliflower. In absolute terms, losses are largest to
broccali, potentidly $3.7 million annudly out of $552 million in gross vaue, about 0.7%. In percentage
terms, Brussals sproutswill be most affected since 80% of the acreageistreated with diazinon. Losses of
around $1.3 million, representing amost 8% of gross value, might be seen. In totd, losses for the three
cropsin thetwo states could be as much as $6.1 million or 0.8% of the grossvaue of production. Industry
| osses depend on the number of acresthat are cropped more than once per year and that have chronic pest
problems.

Scope and Limitations of the Assessment

The scope of this anaydsincudes an examination of potentid regiond-level impacts associated
with dimination (through a phase-out) of the use of diazinon in cole crops. This mitigation scenarioisin
response to the high hedth risks to mixers, loaders and applicators as identified by the Health Effects
Divisonof the Office of Pesticide Programs. Thisanalysisdoesnot attempt to addressimpacts associated
withmitigation effortstargeted at workers reentering fields treated with diazinon, or potentia mitigation for
vaious environmenta risks (i.e, risk mitigation for risks to terrestria plants and organisms or water
contamination).

There are limitations to this assessment. The impacts estimated by this analyss only represent
potential short-term — 1 to 2 years — impacts on the cole crops production system. Assumptions about
yidd and quality losses associated with the various scenarios are based on the best professiond judgement
of BEAD andyds when estimateswere not available from other sources. The basisfor these assumptions
is knowledge acquired from reviewing available USDA crop profiles, state crop production guides,
discussions with university extenson and research entomol ogists knowledgeable in cole crop production,
and other sourceslisted. Production of cole cropsisavery complex system that can be affected by many
parameters (e.g., weather). BEAD's ability to quantitatively capture the wide array of events that could
unfold given each hypothetical scenario listed above is very limited. The economic andyses are based on
crop budgets prepared by Universty Extenson Specidigts, which do not dways include the exact
combination of pesticides consdered in BEAD' s scenarios.



CROP PRODUCTION

Cole crops, such as Brussels sprouts, broccoli, and cauliflower, are cool season crops, belonging
to the cabbage family, Brassica. Brassica plants thrive best in a cool humid climate, thus commercia
production of these crops is concentrated in the "fog-bdt" of Cdifornia Since the agricultura practices
and theinsect pestsare similar for these crops, they will be grouped together and referred to as cole crops.

U.S. and Regional Production of Cole Crops

Together, cole crops gross amost $800 million dollarsin revenues annualy in the United States.
Production has averaged amost 3 hillion pounds over the past severa years on about 194,000 acres
nationwide. Table 1 providessummary Satisticsfor acreage, production and vauefor tota production and

for individua crops.

Table 1. 1999-2001 Average Area, Production, and Value of Production, Cole Crops.

U.S/State Harvested Production Percent of U.S. Vaue of
Acreasge (million pounds) Production Production

(Acres) ($1000)

United States 194,300 2,934.5 - 799,248
broccoli 144,400 2,100.0 - 552,040
cauliflower 47,200 785.5 - 229,908
brussels sprouts 2,700 48.0 - 17,300
Cdifornia 175,200 2,546.6 86.9 689,227
broccoli 130,700 1,829.0 87.1 481,551
cauliflower 41,800 669.6 85.2 190,376
brussels sprouts 2,700 48.0 100 17,300
Arizona 17,600 367.8 125 103,839
broccoli 13,400 268.0 12.8 69,843
cauliflower 4,200 99.8 12.7 33,996
New York 900 12.8 04 4,915
Texas 500 4.1 01 1,124
Other! 100 2.2 01 143




1 Michigan, Minnesota and Oregon.
Source: USDA/NASS V egetable Summary 2002.

Totd U.S. broccoli production was 2.1 billion poundsin 2001, and was vaued at $504.2 million.
Cdiforniaand Arizona comprise the mgor production region. Texas, Oregon, Michigan and Minnesota
produce minor quantities. Over 90% of production goes to the fresh market and accounts for over 95%
of vdue. However, over the past three years, production for the processed market has increased while
fresh broccoli production has declined dightly. Farm gate prices range between $19.60/cwt for produce
bound for processing to $26.72/cwt for that bound for the fresh market.

Cauliflower isa$230 million dollar industry in the U.S,, with the mgority of production found in
Cdiforniaand Arizona. Table 1 provides three-year averages for acreage, production and vaue for the
U.S. and selected states. Almost 90% of production by weight goes to the fresh market, which accounts
for dmost 92% of the value. Since the mid-1990s, area devoted to cauliflower production has declined
over 10%, from over 53,000 acres. However, yidds have been increasing steedily leading to an overdl
increase in production of about 3%, from 762 million Ibsto 786 million Ibs. At the same time, farm gate
prices have been faling throughout the U.S., from an average of $32.00 per hundredweight in 1994-96
to $30.10 in 1999-2001.

Cdifornia is the major producer of cauliflower and area, yields and production have al been
increasing over the past five years. In 2001, 42,500 acres of cauliflower were harvested for a total
production of 701 million pounds. Arizonais the second largest producer; area and production are dso
expanding. Arizona boasts the highest yidds in the nation, with amost 12 tons per acre compared to a
nationa average of 8.3 tong/acre. Essentidly al Arizonaproduction isdestined for the fresh market. Area
and production are declining in New Y ork and other Sates, dthough yields there are dso increasing.

Cdiforniaispracticaly thesoleproducer of Brusselssproutsfor commercia saleswith about 2,700
acres harvested annualy and an average production of 48 million pounds (USDA, 2001). The vaue of
productionis about $17.3 million dollars annudly. Since the mid-1990s, production has declined by over
20%, driven by adeclinein acres cultivated. Yields have risen dightly. Prices, however, have risen over
the period by 35%, indicating that the demand for Brussals sproutsisinelastic. The average price between
1999 and 2001 is 36.1¢/1b.

U.S. broccoli exports in 2000 were over 180,000 metric tons (MT), about 17% of total U.S.
production, while 73,000 MT of cauliflower wereexported (FATUS, 2001). Canadaand Japan werethe
largest consumers with 229,000 MT. Exports of broccoli were vaued at over $126 million; those of
cauliflower wereamost $51 million. TheU.S. importsboth fresh and frozen broccoli, mostly from Mexico.
Datado not separate broccoli and cauliflower, but in 2000, total importswere over 245,000 M T and were
vaued a $162 million.

Some U.S. Brussels sprouts are exported to Canada; the U.S. is, however, anet importer. Over
10 million pounds of frozen sprouts wereimported in 1998 (Pfyffer Associates, 2001). About 40% came
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from Belgium, whose capitd provides the name of the tiny cabbages.
USAGE OF DIAZINON ON COLE CROPS

Previoudy, based on data from 1987-1997, BEAD estimated that about 12,000 Ibs of diazinon
by active ingredient (a.i.) were used annually on broccoli (BEAD, 2000). Areatreated was estimated at
approximately 11% of harvested area. More recent data are not very reveding. USDA (1999, 2001)
reports 9% of broccoli acres were treated with diazinonin 1998 and 21%in 2000. Totd |bs. a.i. gpplied
isgmilarly varigble with USDA reporting 8,200 |bs used in 1998 and 28,900 Ibsin 2000. The Cdifornia
Environmenta Protection Agency (2001) reports that between 8.8 and 11.1% of the broccoli area was
treated in the past three years with an average of 14,900 Ibs ai. applied annually, about 16% less than
USDA reports. USDA (1999, 2001) reports 800 to 1500 Ibs of diazinon were used on broccoli in
Arizona, with 13 to 17% of the acreage treated. For consistency, we use USDA figures, which are
summarized in Table 2. The dataindicate a recent upward trend in the use of diazinon on broccoli.

At the sametime, BEAD (2000) reported gpproximately 16% of cauliflower acreage wastreated
with diazinon and totd usage was about 5,000 |bs active ingredient (a.i.) annudly. The two most recent
USDA reports (1999, 2001) indicate a reduction in usage, from 13% of area treated in 1998 to 5% in
2000, with amilar declinesin usage from 3,900 [bs ai. in 1998 to only 1,900 Ibs ai. in 2000. All usage
isreported to bein Cdifornia. However, EPA data indicate an average annua usage of 4,800 Ibsal. in
Cdiforniafor 1998-2000. The Cdifornia Environmentd Protection Agency, whose figuresare based on
gpplications from sprayers, indicate afairly consstent rate of 3,500 Ibs applied annually to 3,300 acresfor
the sameperiod. Thisrepresentsamost 8% of the harvested acreage (Table 3). USDA reports some use
of diazinon in Arizona, but does not estimate amount used or acres treated.

According to the Cdifornia Environmenta Protection Agency (1999, 2000, 2001) about 2100
acres of Brussals sprouts are treated with diazinon every year (Table 3). This represents almost 80% of
the acreage. Approximately 2,200 Ibs active ingredient (ai.) are applied for arate dightly morethan 1 1b
per acre per year. The median number of applicationsistwo per season with arateof 0.5 Ibsa.l. per acre.

Table 2. Diazinon Usage on Cole Crops, 1998-2000.

Arizona Cdifornia uU.S.
Broccoli
% area trested 13 15 15
areatreated (acres) 1760 19400 21200
Ibs a.i. applied 1150 17400 18600
Cauliflower




Arizona Cdifornia u.s
% area treated 1 10 9
areatreated (acres) 60 3990 4050
Ibsa.i. applied 50 2850 2900
Brussdls sprouts
% area treated 79 79
areatreated (acres) 2140 2140
Ibsa.i. applied 2220 2220

. . .  _ _  _________________ _______________________________________ ______________|
Source: USDA/NASS, California EPA (Brussels sprouts). Minor usage on acreage in other states is not
reported.

Target Pestsand Control
Target Pests

The primary insect pest for which diazinon is used in the Cdifornia“fog belt” isthe larva form of
the cabbage root maggot, Delia radicum. Larvae form dense colonies on the feeder and taproots. In
Arizonaor the desart growing regions, diazinon is used for avariety of soil insectsthat eat either the seed
or the emerging seedling. Secondary pests are acomplex of aphids, flea beetles and |epidopteran larvae.
The most troublesome species of gphidsisthe cabbage aphid, followed by the green peach aphid. Theflea
beetle complex include stri ped fleabeetl e, potato fleabeetle, western black fleabeetle, and western striped
flea beetle. The Iepidopteran larvae primarily include cabbage |ooper, imported cabbageworm, and beet
armyworm. (For information concerning the biology of these insects, see Appendix A.)

The feeding of cabbage root maggots can cause plant stunting, ydlowing, and wilting. Young
seadlings are more susceptible to permanent damage than mature plants. Additionaly, injury from root
maggots provides anentry point for pathogens. Aphids damage plants by sucking phloem from the plants.
If untreated, moderate levels of infestation will cause yelowing and stunted plant growth, reducing quaity
and yidd, and damage from larger infestations can result in death of the plant . The presence of gphidson
the commaodity at harvest congtitutes an adulterated, unmarketable product.

Flea beetles can be a problem for young seedlings. The larvae feed for up to one month on the
foliage and roots, as well as mine the leaves or tunne in the sems. The incidence of economic damege
from larvae is unusud in cole crops. Fea beetlesa so chew on older leaves of cole crops, but thisdamage
isless severe and is not of economic significance.

L epidopteran larvae damage plants by chewing leaves and buds. Typicdly theselarvaeare most



threatening to young plants, and economic damage can result from stunted plant growth. Additiondly, if
larvee are on older plants their feca matter and shed skins on the produce, renders the commodity
adulterated and unmarketable. (See Appendix A for more information.)

Sate Recommended Control

The cabbage root maggot isaproblem in the wet seasons (spring, fdl) and in somelocaesthat are
wet year-round (such as northern Monterey Co.). The maggots feed on the roots of the plants and can
destroy young seedlings.

It is recommended to the growers to apply chlorpyrifos as a pre-plant soil trestment or an at-
trangplant application in areas with cabbage root maggot. A few days later, they should follow up with
adrench or directed gpplication of diazinon. Both chemicals are necessary to obtain control of cabbage
root maggot. It isesimated that chlorpyrifos done would result in a10% loss of yidd in areas that have
moist soil conditions (Sances, persond communication).

In desart regions a mix of methomyl and diazinon is recommended at planting, primarily the
September and October plantings. One compound or the other isnot sufficient to control the soil pestsand
crickets to get good stand establishment. 1t is estimated that with methomy! done about 25% of thefidds
could have a 25-50% yield loss (Palumbo, persond communication), that is, the spray is used
prophylacticaly and only about one-fourth of treated acreage would likely be infested. Assuming an
average 40% yiddloss on infested fieldsimplies about a10% yield loss on average for acrestreated inthe
desert growing regions, Smilar to expected lossesin the humid aress.

Inaddition, diazinon dso controlsgphids, fleabeetlesand avariety of lepidopterouslarvaethat may
destroy the seedlings. The seedlings are very vulnerable and entire stlands can be annihilated within 2 to
3 days. However, currently aphids can be controlled with an at transplant gpplication of imidacloprid, or
foliar gpplications of dimethoate or disulfoton. Fea beetles can be treasted with permethrin or maathion.
L epidopteran larvae can be controlled with spinosad, methomyl, carbaryl, or synthetic pyrethroids. (For
more information on aternatives see Appendix B.)

There are dternatives for the secondary pests on cole crops and BEAD believes that if diazinon
were unavailable that the dternatives would be used. Although there would be no yidd loss with these
other compounds, production costs and environmental load would increase.

IMPACTS OF CANCELLATION OF DIAZINON

BEAD edimates a 10% loss of yield in areas that have moist soil conditions due to damage from
cabbage root maggot if chlorpyrifosisused done. In addition, BEAD bdievesthat growerswill select the
other aternatives to control secondary insects on cole crops, increasing their production costs.



Economic Impacts
Broccali
Per-acre impacts

A crop budget approach was used to determine the economic impact of diazinon cancellation on
producers of cole crops. Sample production costs were obtained from the Agricultural Cooperative
Extensonprogramsof the University of Cdifornia Thesebudgetsarereflectiveof thelikely incurred costs,
but are not based on cost of production surveys. This andlysis assumes that farm gate prices are not
affected by any changes at the grower level and that growers do not drasticaly dter their production
practices. Wefocus solely on operating costs, ignoring overhead and other opportunity costs, astheseare
difficult to measure. Thus net cash returns overdate actud profits to the grower.

Higtoricd yield and price data were utilized to determine gross returns per acre.  Yidds in
Cdifornia have been reported as 7.0 tons/acre over the past severa years while prices averaged
$26.32/cwt, ranging from $23.80 to $30.80 (USDA, 2001). Table 3 presents grossreturns, production
costs and net cash returns to broccoli production in the coasta region of Cdifornia (Smith, et al., 2000).
We assume an infestation of cabbage root maggots a emergence, treated with a combination of
chlorpyrifos and diazinon, and that diazinon would normaly be applied onetime during the growing period
for the control of gphids, flea beetle or lepidoptera larvae.

The cancellation of diazinon is expected to result in ayidd loss of about 10% due to poor stand
edtablishment. Further, dternative pesticides will have to be used for the control of growing season pedts.
EPA data provides an average cost for an gpplication of diazinon a emergence of $12.39/acre and in
season of $7.99/acre. No dternative is available for the emergence gpplication. Alternatives for
lepidoptera control range from alow of $5.86/acre for permethrin to $23.00/acre for spinosad. Since
permethrin is aready cheagper than diazinon, we assume that it is ingppropriate for growers dready usng
diazinon. Carbaryl, at $8.55/acre, is probably the cheapest possible aternative and will be used to
establish the lower bound for grower impacts. Aphid control costsrange from $3.59/acre for dimethoate
t0$25.78/acre for imidacloprid. The most likely option is disulfoton at $9.35/acre. However, we use
imidacloprid to estimate the maximum grower losses.

Table 3. Gross returns, production costs and net returns to broccoli production, Monterey
County, California, with cabbage root maggots at emer gence and other gr owing-season pests.

Base Alternative: Alternative:
Scenario: none at % none at %
two emergence, Change | emergence, Change
goplications carbaryl for imidacloprid
of diazinon lepidoptera for aphids




production (Ibs/acre) 14,000 12,600 -10.0 12,600 -10.0

price ($cwt) 26.32 26.32 26.32
gross revenues ($/acre) 3684.80 3316.32 -10.0 3316.32 - 10.0
insecticide costs ($/acre)
emergence
diazinon 12.39 0.00 0.00
growing season
diazinon 7.99
carbaryl 8.55 7.0
imidacioprid 25.78 222.7
other 91.62 91.62 91.62
other pre-harvest costs 742.00 742.00 742.00
($/acre)
harvest costs ($/acre) 2611.54 2350.38 -10.0 2350.38 -10.0
total operating costs 3465.57 3192.58 -79 3209.81 -74
(Placre)
net cash returns ($acre) 219.23 123.74 -43.6 106.51 -514

Source: University of California Cooperative Extension, BEAD calculations.

The primary impact of a cancellation of diazinon would be the yield loss from reduced control of
cabbage root maggots. Grossrevenueswould declineby over $350/acre. Depending onthe pest complex
during the growing season, growers could face additiona insecticide costs, dthough they would save the
cost of the diazinon gpplication a emergence. Tota insecticide costs could declineby over 10%if carbaryl
were used for lepidoptera control or increase by more than 5% if imidacloprid were necessary to control
gphids. Harvest cogts, which arelargdly afunction of yields, would decline, leading to an overdl reduction
in costs between $250 and $275/acre. Net revenues could decline by as much as $113/acre, with
percentage losses between 44 and 51%. BEAD would characterize such losses as mgjor. Growers
frequently cultivate two crops of broccoli each year, implying lost income of around $200/acre, assuming
chronic pest problems.

Maggots are mainly a problem in wetter environments, athough the prevaence of irrigation may
result in chronic problems. Without yield losses due to the maggots, cost increases are relatively minor.
L osses of net revenueswould range from 0.5% with carbaryl asthedternativeto 15.9% if two gpplications
of imidacloprid had to replace two diazinon gpplications for gphid control.



We assume that Arizona faces smilar pest issues and estimate the same scenario using a crop
budget fromtheUniversity of ArizonaCooperative Extenson (Teegerstromand Umeda, 2001). According
to the USDA (2001), yields in Arizona are 10 tong/acre and the average price over the past three years
has been $26.43/cwt, implying gross returns of $5286/acre.  Insecticide costs are approximately
$117/acre, including two gpplications of diazinon. Other operating costs are dightly higher than in
Cdifornia, but harvest costs are dightly lower so that total variable costs are about $3320/acre and net
revenues are about $420/acre. A ten percent lossin yied dueto cabbage maggotswould similarly reduce
gross revenues. Diazinon applications during the growing season cost on average $7.85/acre. Probable
dternatives range in cost from $8.05/acre for cypermethrin to $16.74/acre for spinosad, both of which
control lepidoptera. Alternatives for aphid control are $10-11.00/acre for chlorpyrifos and imidacloprid.
Losses in net revenues are largely driven by the yidd losses and could range from $144/acre with
cypermethrin as the dternative to $152/acre with spinosad. |n percentageterms, thisrepresents between
34 and 36% of net revenues, which BEAD characterizesasamgor loss. Asin Cdifornia, broccoli acres
are usudly double cropped, implying annual income losses of $280-300/acre.

Industry Impacts

USDA/NASS data (2001) indicate that 19,400 acres of broccoli in Californiaand 1,760 acresin
Arizona are treated with diazinon (see Table 2). Given BEAD’ s estimated |osses in net revenues for two
crops of broceoli, Cdifornia could face losses of as much as $3.9 milliondallars out of gross revenues of
$482 million. Lossesin Arizonacould range from $490,000 to $530,000 from atotal value of production
of $70 million. Additiona losses might aso be expected on a smal number of acres in other producing
states. Theselosses are likely the maximum that the industry could face, Since they are based on chronic
pest problems over two cropsin asingle year.

Cauliflower

A smilar analysis was conducted for cauliflower. Cdiforniayieds have averaged 8 tons/acre,
ranging from 7.8 to 8.3 tong/acre, and prices $28.43/cwt (USDA, 2001). Gross revenues are thus
approximately $4,550/acre. Table 4 compares net revenues betweenthe scenarios of interest. Thebase
case assumes two applications with diazinon, one at emergence for control of cabbage root maggotsand
one during the growing season for control of aphids, beetles or lepidopteralarvae. EPA dataindicate that
diazinon costs are $8.72/acre and $4.11/acre, respectively.  Without diazinon, yield and gross revenue
losses from cabbage root maggots are expected to be around 10%. Alternativesfor control of other pests
range from $5.64/acre for permethrin for lepidoptera control to $33.30/acre for aphid control using
imidacloprid. Total operating costs will decline due to less produce available to harvest, but net revenues
could decline by $150 to $175/acre, 90% or more of net revenues, on acres with pest problemsthat are
currently treeted with diazinon.

Table 4. Grossreturns, production costs and net returnsto cauliflower production, Monterey
County, California, with cabbage root maggots at emer gence and other growing-season pests.
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Base Alternative: Alternative:
Scenario: none at % none at %
two emergence, | Change | emergence, | Change
goplications | permethrin for imidacloprid
of diazinon lepidoptera for gphids
production (Ibs/acre) 16,000 14,400 -10.0 14,400 -10.0
price ($/cwt) 28.43 28.43 28.43
gross revenues (Hacre) $4548.80 4093.92 -10.0 4093.92 -10.0
insecticide costs ($/acre)
emergence
diazinon 8.72 0.00 0.00
growing season
diazinon 411
carbaryl 5.64 04
imidacloprid 33.30 710.0
other 62.14 62.14 62.14
other pre-harvest costs 1290.00 1290.00 1290.00
($/acre)
harvest costs ($/acre) 3009.20 2708.28 -10.0 2708.28 -10.0
total operating costs 4386.20 4078.09 -7.0 4105.75 -6.4
(Placre)
net cash returns ($acre) 164.62 17.65 - 89.3 -10.01 -106.1

Source: University of California Cooperative Extension, BEAD calculations.

BEAD characterizes the impacts of a diazinon cancellation on cauliflower as mgjor to disastrous,
depending on the dternative required. Losses of over 100% of net revenues are unlikely, since less
expendve dternatives to imidacloprid are available for gphid control. However, the main driver of these
losses are reductions in yields due to cabbage root maggots. Growers may cultivate one or two crops of
cauliflower per year, but those experiencing pest problems are unlikely to continue cultivationgiven these

|osses.

Production of cauliflower is much more remunerative in Arizona. Yields are 11.9 tons/acre and
prices $64.06/cwt (USDA, 2001). Gross revenues are over $8,100/acre. Production costs in western
Arizona total $5,720/acre for net cash returns of $2,790/acre (Teegerstrom, et al., 2001). Production
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costsinclude $317.60/acrein insecticides, including two gpplications of diazinon a $24.40/acre. Thehigh
cost of diazinon may explain the rdaively smal amount of cauliflower acres tregted in Arizona. Only
imidadoprid as a control for agphids is more expensive; most growers probably use one of the other
dternatives aready. Without diazinon, cabbage root maggots could cause yield losses of 10%, reducing
gross revenues by over $800/acre. At $59.57/acre, use of imidacl oprid during the growing season would
increase total insecticide costs by amost $11/acre, even accounting for the monetary saving if diazinon
were not used at emergence. Harvest costs would also decline, resulting in tota variable costs of
approximately $4,900/acre. Net revenuescould fall by amost $400/acre, or 14.1%. BEAD characterizes
this loss as moderate.

Industry Impacts

USDA/NASS data (2001) indicate that 3,990 acres of cauliflower in Cdiforniaand only 60 acres
in Arizona are treated with diazinon (see Table 2). With per acre losses in Cdifornia of around $150-
175/acre for each crop, total losses to the state's cauliflower industry could range from $1.2 to $1.4
million. Thisrepresentsabout 0.6% of total grossrevenuesof $190 million. Under theworst case scenario
of two crops in Arizona, annud losses from a cancedllation of diazinon come to $47,000, 0.1% of $34
million in gross revenues. Other producing states face smilar impacts from cancellation.

Brussdls Sprouts

Detailed crop budgets are not available for Brussals sprouts. Averageyiddsin Cdiforniaare 8.9
tons/acre and prices are about $36/cwt (USDA, 2001). Expected gross returns are thus around
$6,415/acre. Production costs are assumed to be similar to those of broccoli and cauliflower, that is,
ranging from $3,560 to $4,390/acre, respectively. Net revenues would be between $2,030 and
$2,860/acre. Yieldlossesof 10% dueto cabbage root maggots may result from acancelation of diazinon,
whichwould reduce gross returns to around $5,774/acre. While harvest costs would decline, insecticide
costs may increase as growers switch to more costly dternatives to control pests during the growing
season. If operating cogts, including harvest costs, are smilar to broccoli and growers switch to carbaryl
or imidacloprid, (see Table 3), net revenues could decline from $2,860 to around $2,500 or by 12.6 to
13.2%. If costs and aternatives are smilar to cauliflower production (see Table 4), net revenues might
decline by 16.5 to 17.8% with permethrin or imidacloprid, from $2,030 to under $1,700/acre. These
losses would be characterized as moderate.

InCdifornia, BEAD estimates about 80% of the Brussels sprouts acreageistreated with diazinon,
or 2,140 acres (see Table 2). Assuming losses of around $350/acre and two crops per year implies|osses
of dmogt $1.5 million annudly out of $17.3 million in gross revenues or losses in excess of 8.5% of total
vaue. However, the percentage of fieldswith pest problemsthat are double cropped is probably lessthan
100.

CONCLUSION
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Giventhe dataavallablefor andyss, BEAD believesthat theimpactsof cancdling diazinon for use
on cole cropswill be moderate to mgor with some growers facing a disastrous Stuation. The main cause
is reduced control of the cabbage root maggot during the crucial emergence period of the crop that may
result in a 10% loss in yidds. Table 5 summarizes our findings. Impacts to Cdifornia growers are
consstently grester than to those in Arizona, where better yields and higher prices provide growers with
greater net revenues. As an industry, Brussels sprouts are significantly impacted because 80% of the
acreage is currently treeted with diazinon. By contrast, few acres of cauliflower aretreated in Arizonaand
indugtry losses are samdl. The vauesin thetable are point estimates of acreage and |osses and are subject
to someuncertainty. Actud valueswill dso vary from year to year according to pest population dynamics.
Cost/acrelyear isaweighted per acreloss, taking into account the range of potentia |osses and the number
of crops cultivated on an acre during the year that experiences pest problems. We take the mid-point in
the range of per acre losses from the andlyses above. We assume that 80% of the acreage in Arizona
produces two crops per year; that is, the per acrelossis multiplied by 1.8 to arrive at the cost/acrelyear
vaue. In Cdifornia, where broccoli and cauliflower provide lower returns and are often grown in rotation
withother vegetables, we assume 60% of the acreage will be cultivated in asecond crop. We use afactor
of 1.8 for Brussels sprouts.

Table 6. Summary of potential impactsto cole crop production of cancellation of diazinon.

Broccoli Cauliflower Brussdls sprouts Totd

Arizona

acres impacted 1,760 60 1820

cost/acrelyear* 266 707

% net revenue 35.2 14.1

characterization magjor moderate

total cost 468,900 42,400 513,300

% grossvaue 0.7 0.1 0.5
Cdifornia

acres impacted 19,400 3,990 2,140 25,530

cost/acrelyeart 166 258 630

% net revenue 47.5 98.2 14.3

characterization magjor maj or-disaster moderate

total cost 3,228,200 1,027,800 1,348,200 5,604,200

% grossvaue 0.7 0.5 7.8 0.8
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Total?
acresimpacted 21,160 4,050 2,140 27,350
costs 3,697,000 1,070,300 1,348,200 6,115,500
% grossvaue 0.7 0.5 7.8 0.8

Assumes most acres are cultivated twice per year.
2 |gnores potential impacts in other producing states.
Source: BEAD calculations

To understand the leve of uncertainty, we determinethetota |osses under dternative assumptions.
If only 50% of the treated acres in both states are double cropped and must be trested again, total costs
to the production of cole cropsfrom the cancellation would be $5.5 million dollars, instead of $6.1 million,
about 0.7% of the gross vaue of production. If we take the minimum estimated per acre loss and our
original double-cropping assumptions, BEAD cdculates total lossesto cole crops of $5.7 million, again,
about 0.7% of gross value.
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Appendix A: Target Insect Pests— Biology and Damage

Cabbage Root Maggot, Delia radicum

The primary insect pest for which diazinon is used is the larval form of the cabbage root maggot, Ddlia
radicum. Larvae form dense colonies on the feeder and taproot of Brussels sprouts. Several hundred
larvae can befound on one plant. They feed for 3 weeks, then pupate in the soil or on the roots of the host
plant for 2 to 3 weeks before emerging as adults. Mogt years there are 2 to 3 generations, but under
favorable weather conditions there can be more generations per season.

Cabbage root maggots can cause plant sunting, yelowing, and wilting. Young seedlings are more
susceptible to permanent damage than mature plants. Additionaly, injury fromroot maggots providesan
entry point for pathogens.

Aphids: Cabbage Aphid, Brevicoryne brassicae; Green Peach Aphid, Myzus persicae

The most troublesome species of aphidsis the cabbage aphid, followed by the green peach aphid. Adult
cabbage aphid femaes asexudly produce live offspring, and populations can increase to damaging levels
very rgpidly. Asmany as 21 generations per year can occur inwarmer climates, such asareasin Cdifornia
where Brussdls sprouts are grown.  When population levels are high, winged forms of the gphids are
produced, which then disperse and infest new plants.

The cabbage aphid is a sap-sucking insect that feeds by inserting a Sylet into the plant’s vascular system
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and sucking cell sap, causing the leaves to become curled and crinkled. If untreated, moderate levels of
infestation will cause yelowing and stunted plant growth, reducing quaity and yield . The presence of
gphidson thecommodity at harvest congtitutes adulterated, unmarketable product, and damagefromlarger
infestations can result in death of the plant. Infestations of cabbage aphid threaten marketable yield losses
of 100% if not treated.

HeaBestles: Striped FleaBeetle Phyllotretastriolata; Potato FleaBestle, Epitrix cucumeris; Western
Black Hea Bestle, Phyllotreta pusilla; Western Striped Flea Beetle, Phyllotreta ramosa

Severa types of fleabeetles are commonly found in Californiaand can be a problem for young seedlings.
Hea beetles are found regularly in the Desert areas starting in early September. Large populations of
migrating adults from adjacent fields can completdly destroy young Brassicastandsin 24 to 48 hoursif left
unchecked.

Adultshibernate over winter monthsand emergein mid-spring, feeding on any availablefoliage. Cropinjury
occurs by adults chewing smal irregular shaped holes from the underside of the leaves, producing a shot
hole effect. Beetles can cause stunting at low populations and deeth of smdl plantsif the gpicd meristem
isfed upon. Eggsarelad in the soil and larvae emerge after about 10 days. The larvae feed for up to one
month on the foliage and roots, as well as mine the leaves or tunnd in the sems. Feeding terminates prior
to pupation when late ingar larvae drop from plants and pupate in the soil. The incidence of economic
damage from larvae isunusud in cole crops. Fleabeetles dso chew on older leaves of cole crops, but this
damageisless severe and is not of economic significance.

L epidopterous Larvae

Other minor pests for which diazinon is used are lepidopteran larvae. These primarily include cabbage
looper, imported cabbageworm, and beet armyworm. Cabbage looper feeds on the leaves, occasiondly
damaging seedlings, but they inflict the most economic damage directly to the sprout heads. Aside from
the damage caused to the sprouts from chewing, cabbage loopers deposit feca matter and their exuviae
remains on the sprouts, rendering the commodity adulterated and unmarketable. Larvae of the imported
cabbageworm feed for two to three weeks on the leaves and bore into the sprout heads. As with the
cabbage looper, economic damage from imported cabbageworm is the result of direct feeding or
contamination of the heads. The coastdl areas are subject to infestations of armyworm from June through
October. Beet armyworm is most threatening to young foliage and buds, and economic damage results
primarily from stunted plant growth as aresult of feeding damage.

Appendix B. ALTERNATIVE PEST CONTROL METHODS:

Cabbage Root Maggot

. Chlorpyrifosisthe mog efficaciousinsecticide for the control of cabbage root maggot in Brussels
sprouts.
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Aphids

Diazinon is regigtered for use againgt cabbage maggot, but it is not as efficacious as chlorpyrifos.
Fonofos can be used as a preplant insecticide. However, the manufacturer has discontinued the
product because of low profitability. Existing supplies can be used until December 31, 2001, at
which time registration will expire and the manufacturer will buy back remaining product.

It isimportant to prevent the establishment of cabbage aphid in Brussels sprouts during the early stages of
plant growth. This gphid is adifficult pest to control once the canopy has devel oped and the sprouts have
formed. These are the chemicas recommended by the state and in the crop profiles.

Chlorpyrifos is the standard for controlling aphids in Brussels sprouts. It has been called the
“linchpin" of commercia Brussels sprouts production, because pest control programs for this
vegetable revolve around it. It is faster acting than oxydemeton-methyl, dimethoate, and
imidacloprid.

Dimethoate is a systemic insecticide usudly mixed with chlorpyrifos and applied two times per
season. Thishdpsto prevent pest res stanceto chlorpyrifos, and increases aphicidd efficacy during
periods of high infestation. Dimethoate is d o effective againgt green peach gphid.
Oxydemeton-methyl was the third most commonly used materid in the late 1990s, but the label
prohibits ground spray applications of this product within 100 feet of an occupied building, or
within 150 feet for agrid gpplications. Because of thisrestriction, imidacloprid isusudly subdtituted
for oxydemeton-methyl for aphid control in these aress.

Diazinon is usudly applied when diamondback moths are dso present in the fidd. With the
regisiration of spinosad for diamondback moth, usage of diazinon gppears to be declining.
Imidacloprid is a systemic, chloronicotinyl insecticide with foliar and soil uses. Previous low use
of this chemicad may be explained by high product cost, coupled with poor efficacy as a foliar
gpplication. Labe states "Provado 1.6 Flowable will not knock down heavy aphid or whitefly
populaions.” The soil trestment is efficacious for approximately 80 days after gpplication. This
is adequate control for early maturing varieties, but most other varietiesrequire afoliar application
mid- to late- season.

Disulfotonisbeing replaced to some extent by imidacloprid for control of cabbage aphid and green
peach aphid.

Endosulfan is a rotational materia with spinosad for diamondback moth control, athough it is
applied to control aphids.

Madathion is not very effective in gphid control.

Alternative Chemicd Controls:

Naed- athough registered for aphid on Brussals sprouts, the label rate indicates its use is
gppropriate for looper control which may not be sufficient to control gphids.

Soap— due to the attractiveness of Brussels sprouts to gphid and the morphology of the plant,
cabbage gphid is difficult to control with sogps. Numerous applications, a weekly intervasin
some cases, are hecessary to reduce aphid populations. Even with this usage regime, control of
cabbage aphid on Brussd's sprouts with insecticidd sogp is extremdy difficult.
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Biologicd Controls:

Diaertiella rapae, a paraste, can help aid in the control of gphid, but cannot control large
infestations. Aphids are aso preyed upon by lady beetles, green lacewing and syrphid larvae.
However, once the gphid getsinsde the sprout, predators have difficulty reaching them, and their
effectiveness as biologica control agentsis minimized.

Culturd Control Practices.

Brussds sprouts and other cole crops are often surrounded by non-crop areas that are not
managed and provide aternate hosts for cabbage aphid, especidly wild mustards that are
gendticdly smilar to cole crops. Cabbage aphid can infest Brussals sprouts and wild mustard
concurrently, and therefore adjacent weedy areas must be kept clean of this source of aphid
colonization. Tillageand herbicides can beused in an effectivefield sanitation program to minimize
gohid pressures. However, thisconflictswith no-till and low-till Situationsin somewatershed aress.

Hea Bestles

Flea beetles may be controlled with permethrin, diazinon, maathion, disulfoton, dimethoate, carbaryl, and
endosulfan, the latter four are seldom applied specificaly for these pests.

Permethrin-Of the chemicals used for flea beetle control, permethrin is the primary materia used
in the Desext. It is gpplied a the maximum labd rate of 0.10 Ib a/ac. The firg plantings usudly
require 3 goplications during stand establishment, congsting of two rounds of chemigation followed
by one spray gpplication, or one chemigation followed by two sprays.

Diazinon--One gpplication at preplant or during seedling stage. 1t issoil incorporated at 0.8 Ib to
10lbai/ac, or asfoliar spray at 0.5 |b ai/ac. The presence of flea beetle in the Desert accounts
for the higher Usage Intengity for diazinon. Ul indices: Centra Coadt, 5; South Coagt, 1; SJValley
3; Desert, 25.

Malathion--Two to three applications are made early season (September) during stand
edtablishment. The average application rate is 1.63 Ib ai/acre (low end of |abel range of rates).
However, most maathion use on Cdiforniacauliflower istargeted at gphid control inthe SJValey
and Coastd growing regions.

Biologicd Controls:

There are no acceptable biologica controls for flea beetles.

Culturd Control Practices.

Most commercid growers normdly follow sound culturd practice for flea beetle control. This
includes keeping fidld margins and ditches clean of aternate weed hodis.
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Lepidoptera Larvae

. The Lepidopteralarvae may be controlled by permethrin, methomyl, nded, spinosad, carbaryl,
cypermethrin, and lambda-cyhaothrin. Some of these chemicals only work on the early indtars of

beet armyworm.

Biologicd Controls:

. Thereare no known effective biologica controlsfor cabbage maggot. Thereare severa predators
and parasitoids that target the Lepidopteralarvee.

Cultura Control Practices:

. Since maggots require crop residue and high organic matter in soil to persst between crops,
fdlowingfieldsfor even short periods can reduce maggot incidencesignificantly. Thisisparticularly
true if soil isalowed to dry between plantings. Deep plowing and cultivation to bury organic matter
deep underground can aso reduce maggot pressure. Any other method of cultivation or crop
management directed at avoidance of organic matter inthe seed row, can reduce maggot incidence

and damage to the young crop.

. There are no known cultural practices for control of the various lepidopteran larvae.

Current Insecticide Use

Table 1. Leading Insecticides used in Cdifornia to control gphids or cabbage root maggots in Brussas

Sprouts.
Brussel Sprout Insecticides in Order if % Crop Treated
Importance (Based on Percent of Cdlifornia
Crop Treated in 1999)
Chlorpyrifos 94%
Diazinon 7%
Oxydemeton-Methyl 66%
Imidacloprid 60%
Dimethoate 55%
Azinphos-Methyl 29%
Endosulfan 8%
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Disulfoton 7%
Maathion 5%
Acephate <1%
Pyrethrins <1%

(Source: Cdifornia Department of Pesticide Regulation Pesticide Use Data from 1999.
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