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Chapter 3. The Evolution of South Florida Pepper Pest
M anagement Systems and | mpacts on Pesticide Use and
Reliance

During the 1997-98 growing season South Florida produced 12,500 acres of
peppers with avaue of $34,587,600, representing 54 percent of U.S. production and 66
percent of Florida's 19,000 pepper acres (FASS, 1997, 1998a, 1998b). The averageyield
was 33,944 pounds per acre, with an average vaue of $0.43 per pound, giving agross
return of $13,950 per acre. Table 3.1 reports data for 12 pepper farms surveyed by
Glades Crop Care, Inc. (1999) and covers acres harvested, yields, market value, costs,
and estimated returns. The distribution of costs and returns acrossthese 12 fams is
representative of the indugtry in the South Horida region.

Note the wide range of net returns per acre — ranging from aloss of over $1,430
per acre to a profit of over $13,000 Asin the case with tomato production, the success of
pest management systemns and their effect on totd yield, is one of the dominant variables
dividing the profitable seasons from the unprofitable ones. Note aswell that the most
profitable farm, with a net return per acre of $13,443, had the highest yield per acre but
not nearly the highest price. The least profitable farm lost money because of both low
yidlds and quality problems— which [presumably] led to a price discount. For thisleast
profitable farm, the pepper weevil, Anthonomus eugenii Cano (PEW) was amgor source
of loss, especialy when the grower attempted to extend the harvesting period in his early

plantings.

On average across the 12 farms, production costs and picking and packing costs
were estimated to be $5,202 and $4,107, respectively, leaving a net return to the farm of
$4,641 per acre. Pest management costs represent a significant outlay, totaling an
average $630 per acre, or nearly 12 percent of the total production costs, as shown in
Table 3.2. The mogt profitable farm had the highest pest management costs per acre
(%$1,300), more than twice the average of the 12 farms. The high costs paid a significant
return, however, since this farm marketed more than 5,000 pounds more peppers than any
other farm, worth some $2,400 per acre. The profitability of this and the other high-
earning famsin Table 3.2 is primarily the result of extending the harvest season in the
earliest plantings, a move which nets the grower an increased return on the cost of
production for that acreage. Thisis a double-edged sword, however, since this extended
harvest period requires increased, often intensive, pest management inputs.

The South Florida production area is typified by variable weather conditions,
often highly conducive to plant disease development. It aso supports an abundance of
insect pests, some of which serve as vectors for disease. The pepper pest complex can
cause sgnificant economic loss and requires ahigh leve of integrated pest management
(Glades Crop Care, Inc., 1999). Despite the efforts of growers to incorporate many
different pest management practicesinto their individua programs, pesticide applications
remain a central form of pest suppression and are essential to avoid catastrophic crop
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losses. Changesin pedticide regigtrations and |abels are bound to follow implementation
of the Food Quality Protection Act (FQPA) and will likdly have asignificant impact on
the cost and efficacy of pepper pest management in South Horida. In this chapter we
place some of the likely changes in context given other changes in pepper pests and pest
management, and in Chapter 5 we use severa indicators of pesticide use and |PM
adoption to further highlight possible impacts of the FQPA.

Factor s Shaping Pepper IPM Systems and Decision-making

As part of aproject funded by the USDA’ s Pest Management Alternatives
Program (PMAP), Glades Crop Care, Inc. investigated changes in pepper pest
management systems, pesticide use, and the likely impacts of the FQPA. A mgor area of
exploration was the possible contribution of new technology in shaping post-FQPA |PM
gystems.

Since FQPA passage in 1996, Glades Crop Care, Inc. grower-clients have actively
chalenged us to help them make the trangition from pesticides likdly to trigger risk
reduction actions by EPA. We have focused our efforts on lessening reliance on the
organophosphate (OP) and carbamate insecticides and known carcinogens, especidly the
EBDC fungicides so essentid in our disease management programs.

We investigated incorporation of recently registered dternatives to the FQPA-
targeted pesticides into the IPM program at alarge bell pepper farm in Immokalee, FL.
Thiswas done by systematically recommending the use of such aternativesin the place
of pedticides previoudy used a thisfarm. These subgtitutions primarily involved
insecticides, as dternatives to the targeted fungicide, maneb, are not currently available
for control of bacteria spot, caused by Xanthomonas campestris pv vesicatoria.
Bacteria spot diseaseis the sSingle greatest cause of economic losses according to
growers estimates, with over 9 percent of potentia yield logt to this diseasein 1997-98
(Glades Crop Care, Inc., 1999).

Major Insect Pest Challengesin Pepper Production

Arthropods causing the greatest damage included the broadmite,
Polyphagotar sonemus latus Banks, and the pepper weevil (PEW) which account for
losses of potentia yield of 3 percent and 2 percent, respectively. Table 3.3 reports
estimates of the damage associated with these and other insects. A complex of
lepidopterous larvae cause a combined average loss of 1.6 percent, and include the
tomato fruitworm, Helicoverpa zea Boddie, and the beet (BAW), southern (SAW) and
fdl (FAW) armyworms, Spodoptera exigua Hibner, S eridania (Cramer), and S.
frugiperda JE. Smith, respectively.

The pesticides used to suppress these arthropod pests have changed over the
years. Thisisespecidly true for worm control, where management programs now make
use of frequent gpplications of Bacillus thuringiensis Berliner (B. t.), dternated with
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other insecticides to clean up larvae that have escaped B. t. control. The choice of
pesticides to rotate with B. t. is especidly important during periods of inclement wegther,
when sprays are difficult to gpply or when applied pesticides are washed off. This group
of “cleanup” insecticides was amgor focus of this project’s on-farm research on likely
aternatives to FQPA-targeted pesticides.

Pepper weevil (PEW) control aternatives were a second focus. Conventional
practice for control of PEW has higtoricaly included multiple applications of the FQPA-
targeted carbamates, oxamyl and methomyl. These two broad-spectrum materias have
typicaly been rotated with other insecticides, primarily the synthetic pyrethroids,
permethrin and esfenvaerate, for res stance management purposes. This PEW
insecticide rotation has proven very hard on beneficias and has led to numerous
secondary pest flare-ups over the years. While the carbamates perform well in
controlling PEW, extendve use can reault in loss of biologicd control of the leafminer,
Liriomyza trifolii, Burgess. Smilarly, frequent gpplications of pyrethroids have been
associated with flare-ups of another secondary pest, the melon thrips, Thrips palmi
Karny. Fortunately, some PEW suppression has been observed following applications of
imidacloprid, and this pesticide has been incorporated into the control programs on
severa farms (Glades Crop Care, Inc., unpublished data). Incorporating imidacloprid in
the program has alowed growers to drop one or more carbamate and/or pyrethroid
goplications.

Survey Resultsfor Crop Year 1999-2000

With this background, the pepper crop at an Immokalee, FL farm, Farm LB, was
scouted biweekly according to Glades Crop Care, Inc.’s standard practices. Pesticide
recommendations were made based on the results of each scouting trip. The grower took
responsbility for carrying out the recommendations. The resulting pesticide usageis
summarized in Table 3.4 for saverd fal and spring crops from 1994 through the spring
crop, 2000. Dataare aso reported for two farm managers, LB1 and LB2. LB1 managed
the farm from 1994 through the spring crop in 1997; LB2 took over for the fdl crop in
1997 and managed the farm through the spring 2000 crop.

These data provide an opportunity to examine the impact on pesticide use over
time of two farm managers working the same land, with the same information and related
resources but different pest management philosophies. Table 3.4 reports the individua
grower’s spray records for the indicated seasons, and represent the average amount of
active ingredient (Al) applied to at least two representative fidlds in the fal and saring
crops, planted in September and December of each year, respectively.

Table 3.4 dso includes statewide pesticide use data for 1994 and 1996 for usein
comparing pesticide use at Farm LB to the Statewide average (FASS, 1997). The
importance of the EBDC fungicidesis apparent throughout the six-year period, with little
variaion in pounds applied. Consderable variation is apparent from crop to crop and
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over timeininsecticide use. Factors driving these changes are discussed in detall in the
balance of this chapter.

PEW management is clearly a mgor economic issue and an area of intense focus
among researchers and pepper pest management field consultants. For these reasons, the
control program at Farm LB is further compared with programs from two nearby farms
(Farms ~Y and BF) for the 1999-2000 season in Table 3.5.

Key ingghts from Tables 3.4 and 3.5 include that:

1. Fam LB wasfar lessrdiant on FQPA-targeted insecticides in the spring crop
than the other two farms, but Farm BF was able to manage insects without any
OP, carbamate or pyrethroid insecticidesin thefal crop.

2. Pedicide use @ Farm LB of higher-risk insecticides was reduced following
the change in farm management between the oring and fall crop in 1997.

3. Pogtive experiences gained with adternatives to FQPA-targeted insecticides
on Farm LB in 1999 helped set the stage for a marked reduction in insecticide
use in the spring 2000 crop.

4. Theintroduction of new insecticides with novel modes of action
(imidacloprid, spinosad, tebufenozide) has apparently helped drive down
armyworm populations to levels where an acceptable degree of control can be
achieved largdy through use of B. t.

Comparison with State-wide Pesticide Use Patterns

During the 1994-2000 survey period, Farm LB made use of the same scouts and
conaultants in formulaing pest management srategies and in making day-to-day
decisons. While the information base and advice was consstent over the Six years, the
decisons made in response to the information and advice differed markedly as afunction
of farm managers.

Reported differencesin Farm LB pesticide use patterns (see Table 3.4) in contrast
to statewide averages reflect both conscious decisions on the part of farm management
and regiond trends in pest pressure. Prevailing weether patternsin late summer and early
fal when the main South Florida pepper crop is being planted and setting fruit are highly
conducive to bacterid spot and the armyworm complex. These early plantings are dso
those held for extended harvesting, requiring increased pest management throughout the
crop. Hence, growers need additiond pesticide applications to avoid significant crop
losses or qudlity problems.

The amounts of the fumigants, methyl bromide and chloropicrin gpplied on farm
LB are amilar to or lower than the statewide averages for the survey period. Thereis
aso no clear trend in herbicide use, except that triflurain has not been used at Farm LB.

The mogt gtriking differences are in the amounts of fungicides gpplied. The mgor
plant disease, bacterid spot, has hitoricaly caused severe problems during rainy fall
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cropsin South Horida This has resulted in higher amounts of copper hydroxide and
maneb being applied at Farm LB than the Statewide average. Thistrend is most
consigtent for maneb, which has been applied at close to the maximum amount alowed
by thelabel (14.4 1b Al/A) during nearly the entire survey period. Statewide, maneb use
for 1994-98 ranged between 10 and 13 |b Al/A.

Lower amounts of maneb have been gpplied during some spring crops on Farm
LB, specificdly, 1997 and 1999, when westher conditions resulted in lower disease
pressure. For those seasons, approximately 12 Ib Al/A was applied. The growers' efforts
to apply only the amount of fungicide needed to produce a clean crop are reflected in the
genera decrease in the use of copper hydroxide. Use of this fungicide peaked during the
1994-96 period at between 38 and 53 Ib Al/A, compared to arange of 10-24 [b Al/A
between 1998-00.

The second most damaging pepper disease in South Forida, Phytophthora blight,
has along history in the pepper fidds at Farm LB. The primary chemicd control has
been mefenoxam (metaaxyl), a fungicide applied every season with the exception of the
gpring 2000 crop. Thiswas the result of exceptiondly dry wesather, which led to low
disease incidence. Otherwise, mefenoxam has been applied on Farm LB at between 1.5
to 3 times the Satewide average, again depending on the weather.

Insecticide use a Farm LB aso differs from statewide averages. Generdly, the
carbamates, oxamyl and methomyl, were applied at lower rates than for the Sate asa
whole, with the exception of the 1998 and 1999 spring crops. During those seasons,
methomy!l was applied to control thrips and pepper weevil adults. The organophosphate
acephate was added to the insect management program used during the fall of 1994 and
the spring of 1996 at Farm LB, while the state record shows none used. In 1998, just the
opposite occurred. Statewide an average of 2.3 Ib Al/A of acephate was applied yet none
was needed on Farm LB.

These trends are important in projecting the likely effects of FQPA
implementation. From 1994 through the fal crop in 1997, the decisons were relatively
risk-averse choices and thus the hardest, most assuredly effective control intervention
was used. The consequences of multiple gpplications of broad-spectrum materias were
accepted. After 1997, spray decisons were made in accord with a different management

philosophy.
Impacts of Farm Manager Experience and Philosophy on Pesticide Use

A comparison of Farm LB pesticides used between 1994 and the spring crop in
1997, and the fall crop in 1997 through 2000 provides an opportunity to examine the
influence of two different persond perspectives on pest management. Datareported in
Table 3.4 suggest that LB1 isinclined toward “harder” or more aggressive pest
suppresson than LB2. However, many factors might explain the tempora differencesin
pesticide use evident in Table 3.4 on Farm LB.
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Observed differencesin pesticide use reflect differing management philosophies,
loss of efficacy to established products as aresult of resstance, mgor changesin the
price per acre treated of dternative products, the emergence of new pests and varying
levels of pest pressure. The introduction of new products dso made it more feasible for
the second manager on Farm LB to back away from hard-chemica solutions.
Assessment of pesticide use on Farm LB in contrast to statewide averages suggests that
there was, in fact, achange in Farm LB pest management systems and pegticide reliance
before and after the change in managemen.

There were no mgjor changes in the pests facing south Florida pepper growers
during this period. Likewise, there were no mgor shiftsin the prices of pesticides faling
in different families of chemidiry. In fact, the newer pesticides embraced by the LB2
manager tended to cost more per acre treated than more broad- spectrum and established
products. In our experience, the willingnessto pay somewhat more per acreto
experiment with anew family of chemidtry isardiable indicator of amanager’ s desreto
innovate and improve the effectiveness of IPM systems.

In addition, changesin the use of particular active ingredients lend further support
to the conclusion that differing philosophies produced marked variation in pesticide use
patterns. Use rates of copper hydroxide and dicofol were consistently higher during the
1994-fdl 97 crops than during the spring 1997 to 2000 crops. Methomyl use dso
declined significantly under LB2.

Management change a this farm illustrates a number of facetsin IPM decison
making and engenders an appreciation for implementing biopesticide use and biological
control processes. Differences undoubtedly were the result of the tools each grower had
availableto him. Both growers readily incorporated new chemigtry into the program
once its efficacy was demondrated. For example, imidacloprid was put into usein 1994
by LB1 for control of Thrips palmi. Thisinsecticide was not only remarkably effectivein
controlling thrips, but provided excellent control of aphids aswell. The acephate
applications made during the 1994 and 1996 seasons occurred either prior to imidacloprid
application or long after its efficacy wore off in afdl crop that was held over for
extended harvesting.

Perhaps even more notable is the effect of imidacloprid had on PEW control
needs. Thisisindicated by the dimination of the sandard PEW insecticide, oxamyl,
from the program during the fall 1994 through fall 1995 seasons. Glades Crop Care, Inc.
scouts observed in 1995 that when imidacloprid was used for gphid and thrips control,
PEW suppression occurred. Thisdid not control PEW by any means, but it helped. We
anticipate registration of a new neonicotinoid insecticide, thiamethoxam, which, in small
plot tests conducted by the University of Florida, has shown good efficacy against PEW
(Standy and Conner, 2000).

While pyrethroid insecticides such as cyfluthrin and permethrin provide some
level of PEW control, frequent use has resulted in uncontrollable population explosons
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of Thrips palmi (Glades Crop Care, Inc., unpublished datd). Clearly, retaining the
registrations for the carbamate insecticides, methomyl and oxamyl, even if pesticide
labels dlow sgnificantly less use than currently alowed, would provide for amore
robust rotation of modes of action, thus extending the useful life of the neonicotinoids, as
well as the carbamates and pyrethroids.

Pepper Weevil Management Drivesthe System

Pepper weevil control isimportant for several reasons. Besides the obviousissues
of crop damage, the cost of control measures, and farmworker exposure to acutely toxic
insecticides, it isimpossible to achieve biologicaly based management of pepper insect
pests without a reasonably “soft” strategy for controlling pepper weevils.

As clear from the pesticide records for the fall 1999 and spring 2000 seasons at
Fam LB (see Table 3.5), it is possible to grow a crop of peppers while virtudly
eliminating “hard” insecticides. During the fall 1999 crop, the only hard insecticides
used were single gpplications of dicofol and oxamyl, used to control broadmites during a
rany period in the fdl, and later to control PEW. Otherwise, the crop was grown with
insecticides that have low risk to humans, and which are known to be at least partialy
compatible with beneficid insects.

In the spring 2000 season at Farm LB, strong measures were required to keep the
PEW under thresholds for economic damage. During that period, unusudly early fruit
maturity and a strong market led to an early harvest in the beginning of March. Dueto a
grong market, even medium szed fruits were harvested, leaving only smal fruits for
subsequent harvest. 1t took much longer than normd for these smal fruit to reach
marketable sizes and during this period the PEW became established (Figure 3.1). Ina
normd year, it isunlikely the grower would have tried to extend the season long enough
to harvest these smdll fruit.

With the long pre-harvest intervals associated with PEW control materids,
effective treetment of the planting required more B. t. gpplicationsthan usud. Y€, the
grower reported no problems at the packinghouse and the economic damage was
minima. While the PEW had earlier become established in thefall crop, it did not reach
the levels found in the spring crop. The higher spring population was probably the result
of the abundance of smdl, thin-walled pods favored by PEW for egglaying.

By comparison, two nearby farms, ~Y and BF, aso experienced PEW
populations. Although PEW were found on pheromone monitoring traps at Farm BF,
fruit infestation was not detected (Glades Crop Care, Inc., unpublished data). At Farm
~Y, where PEW have higoricaly caused problems, populations began to develop early in
the fdl crop and continued to develop through the spring. Again, through frequent
gpplication of effective insecticides, the grower was able to escgpe significant economic
loss.
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The circumstances surrounding these three PEW scenarios are interesting in that
they point out not only the potentid for effective use of low-risk pesticides, but they also
highlight the importance of non-chemical gpproaches to pest management. (Recal the
pesticide use a the three famsis detailed in Table 3.5). PEW infedtation levels are
shown in Figures 3.1 and 3.2. The vauesin these graphs were taken from twice-weekly
scouting reports. In performing PEW evaudions, the severity of the infestation was
graded on a scale from O (no damage) to 5 (severe damage).

In the case of Farm ~Y by January 2000, following severd harvests, PEW
infestation levels reached such proportions that Glades Crop Care, Inc. scouts invented a
grade of 6 (see Figure 3.2). Thisreflected the fact that the only fruits remaining on the
plants were smal and preferred by the PEW femaesfor egg laying. Thefact that the
infetation in the spring crop a that farm did not significantly increase until more than a
month after maximum levels were reached in the fal crop was the result of no fruits or
flower buds suitable for PEW oviposition being present in the newly planted fields. Once
the spring crop was suitable for PEW oviposition, the infestation developed rapidly.

It issgnificant that the grower reported only low-leve lossesto PEW in either
planting. PEW numbers did not reach a maximum in the fall crop until after the bulk of
the fruit had been harvested. Thefind fruit set, if it indeed occurred, would have
developed after 1/14/00 and would have been light, as fruits infested with PEW tend to
fal from the plant. While thismay have resulted in some loss, the more profitable first
harvest from the spring crop matured at about the same time and hence the grower did not
need the light find harvest from the fal crop.

On Farm ~Y, however, pods harvested during April and May were set and would
have reached a Size unsuitable for oviposition before PEW numbers became very high,
thus dlowing agood spring harvest. The heavily infested fruits developing after early
April generdly go unharvested in south Florida, because of hest-induced difficultiesin
shipping and storage of fruits harvested in May. It isimportant to note that the spring
plantings a Farms LB were roughly 5 weeks older than a Farm ~Y. Crop maturation
and harvesting would have thus occurred &t different times a the two farms.

Interestingly, though, the first PEW detection at LB occurred only about 2 weeks earlier
than a ~Y, suggesting a temperature or day length influence may dso affect PEW
infestationsin addition to the previoudy mentioned influence of crop maturity.

Thus, it is seen that the later planted spring crop a ~Y had a greater proportion of
its pods in a stage of development susceptible to PEW ovipostion than the earlier
planting a LB. A higher number of marketable pods was harvested at LB than at ~Y .
Because of high PEW infestation both the early stripping of the field at LB and the late
maturation of the second- and third-pick fruits at ~Y contributed to reduced numbers of
suitable pods for late harvesting.

The infestation record was dramatically different at Farm BF. Despite the fact
that Jalapefio peppers, a variety favored by PEW, were grown there, the only detection of
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PEW on the crop occurred on 5/20 and 5/27/00. On those dates, a single oviposition
puncture and an adult were found. Thislack of infestation is remarkable because PEW
were present on the farm, as indicated by pheromone traps deployed on the farm as
monitoring devices. Similar trapping was conducted during the same period & Farm LB
(Figure 3.3). Trap captures between 2/4 and 3/11/00 were smilar at both farms, athough
the captures were dightly lower at Farm BF. After mid-March there were no more
captures at BF, while PEW continued to visit the pheromonetrapsat LB. Severd
possible explanations for this disparity in infestation levels will be discussed in the

following paragraphs.

The fact that trap captures at BF ended in mid-March isSgnificant. It indicates
that those PEW captured there were part of awave of migrating PEW, which ended in
mid-March. That the PEW did not become strongly established at this farm suggests that
ether the regular use of azadirachtin deterred them from laying eggs or that the
carbamate insecticides gpplied upon detection sufficiently suppressed the population. In
ether case, Farm BF s reldive isolation from sources of infestation resulted in a discrete
period when infestation might have occurred, compared to the extended period of PEW
activity a the other farms, which were closer to sources of infestation.

Proximity to infestation sources was different for the two farms. Farm BF was
more isolated from potentia sources of infestation than Farm LB. The only nearby
pepper production was aregularly sprayed, 3-acre breeding plot gpproximately 3 miles
away. By comparison, the nearest pepper production fields to the spring crop & Farm LB
were about 200 acres, 2 milesaway. Farm ~Y’sfields lay about 2 miles north of a
research farm, where untreated plots of peppers were grown to maintain a PEW
population for testing purposes in addition to other smal acreages about 4 milesin the
opposite direction. Previous experience with PEW behavior following crop destruction
(GCC, unpublished data) indicated that PEW could disperse quickly over distances up to
5 milesin search of new hosts. The relaive isolation of Farm BF from large pepper
acreage is therefore a viable explanation for the low observed infestation levels.

The fact that PEW were not present in the fal plantings at BF may be an equdly
important factor. Both Farms ~Y and LB experienced infestations beginning in
December. Y¢, there was no Sgn of infestation at Farm BF until March. Certainly, the
infested fal crop served as a PEW source for the spring crops, which were less than 2
miles away a Farm LB and less than ¥mile away & Farm ~Y .

Field Location Impacts on Pesticide Use

When identifying potentia sources of infestation, it isimportant to include
dternate hogsin the evauation. The hogt range of PEW islimited to plantsin the family
Solanaceae, primarily, peppers and nightshades (Capsi cum spp and Solanum spp,
repectively.) Although PEW have been found feeding or developing on other host
plants, most of their reproduction is on these two host groups. Indeed, nightshades have
been implicated as important host plants between cropping cycles (Elmore, et d, 1934,
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Patrock and Schuster, 1987). The prevaence of nightshades within the fields and on field
margins at these farms mirrored the PEW infestation levels a each ste. Both LB and ~Y
had sgnificant populations of nightshade. At Farm BF, while a population of nightshade
eventudly developed in the planted area, weed control during the off-season had been
excdlent, with the result that no oversummering host plants were present to serve as
dternate PEW hosts.

Notable differences exist between the farmsin the pesticides applied to control
weeds and insect pests. Weed control differed markedly between Farm BF and the other
two farms. Pegticide application records a Farm BF indicate that glyphosate and
paraguat dichloride were both applied after beds were laid to control weeds, while there
were no herbicides gpplied in the surveyed fields at the other two farms. The fact that
loca populations of nightshade are highly resistant to paraquat dichloride suggests that
the pre-planting application of glyphosate exerted sufficient nightshade control to reduce
the risk of PEW infestation originating within the farmgte.

Dimethoate was the only organophosphate applied on any of these farms (Farm
~Y). Despite the use of imidacloprid at that farm, the grower felt the use of dimethoate
provided sufficient additiond gphid control to warrant itsuse. The other farms obtained
adequate gphid control using only imidacloprid. Although methomyl is registered for
control of gphids, resstance to this active ingredient developed in loca aphid populations
during the mid 1980s and applications have little or no impact on aphid populations. All
three farms made sgnificant use of B. t. and incorporated spinosad and tebufenozide into
ther programs for worm control. There were no sgnificant differences among the farms
in worm control.

The most driking differences occur in the pesticides used for PEW control. At
Farm BF, routine applications of azadirachtin and crop oil are made throughout the
season. While this combination reduces PEW damage, it does not provide complete
control (Schuster, et a., 1996). The grower a BF applied methomyl and oxamyl (0.32
and 0.89 Ib Al/A, respectively), despite the fact that virtually no PEW activity was noted
in his spring crop. These amounts, however, are far less than the amounts of the same
active ingredients gpplied at Farm ~Y. The grower there applied 2.5 Ib Al/A of oxamyl
inthefal crop and 2.70 and 6.83 Ib Al/A of oxamyl and methomyl, respectively, in the
spring crop for PEW control.

Farm LB’ s pedticide usage for both seasons, however, was significantly “ softer”.
Oxamyl was gpplied only late in the fall crop in an effort to control PEW after it had been
decided to extend the fields for late harvesting. The spring crop was treated with Cryolite
a the firgt aghting of PEW, followed by low rate applications of imidacloprid. The
grower’ s rdiance on oxamyl at Farm ~Y, while it may have been judtified severd years
ago, was out of place in the 1999- 2000 season, since the efficacy of thisinsecticide
againg PEW has declined significantly in recent years, especidly in fidldswhereit is
goplied frequently.
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From the above discussion of PEW control at these three farms, the following
conclusions can be drawn:

1. Isolating pepper plantings from other pepper production fidds may be
important in avoiding PEW immigration.

2. Eliminaing nightshades may provide additiond relief from PEW pest
pressure by denying them oversummering sites.

3. Chemica control of PEW can be accomplished with ardatively soft
gpproach, athough carbamate insecticides may be necessary under some
circumstances.

FQPA-targeted insecticides are used regularly but judicioudy at Farm LB, with
use rates that compare favorably with those of therest of the sate. Eliminating any one
of these insecticides might result in higher insect damage, especidly from PEW and
Thrips palmi, both of which are difficult to control. Perhaps more threstening than the
potentialy higher crop damage is the loss of dternate chemigtries for rotation with
recently or soon-to-be introduced insecticides, such as imidacloprid, spinosad and
thiamethoxam. The lack of good rotation partners with different modes of action could
lead to premature loss of efficacy for the newer products. In thislight, reducing the use
of high-risk peticidesis aworthy and achievable goa but one that must be pursued
congstent with the need to dso preserve the efficacy of both new and older, established
products.

Intheend, it is dear that adivergty of tools provides the firmest foundation for
long-term, sustained progress aong the IPM continuum.  For this reason, EPA needsto
resoond creetively to the chalenge of crafting pesticide product labels that dlow limited
but highly essentid uses of some higher-risk materials as a component of an overal
strategy to accelerate progress adong the IPM continuum.
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Table 3.1. South Florida pepper yields and returns for the 1997-98 season

Farm Acres Yield Estimated market Gross return per |Estimated annual Estimated picking and packing Estimated return
code harvested |[(Ib/a) price ($/1b) acre production cost ($/a) costs (at $0.121/Ib) per acre
~D 50 7000 $0.80 $5,600 $5,000 $347 ($247)
~J 300 20450 $0.43 $3,794 $4,500 $2,474 $1,819
~T 20 35000 $0.32 $11,200 $5,000 $4,235 $1,965
~V 160 35000 $0.40 $14,000 $5,200 $4,235 $4,565
~Yf 98 35000 $0.40 $14,000 $4,800 $4,235 $4,965
~Ys 95 22500 $0.48 $10,800 $4,800 $2,723 $3,278
1F 84 30000 $0.28 $3,400 $6,200 $3,630 ($1,430)
BF 143 23000 $0.37 $8,510 $6,200 $2,783 ($473)
JN 800 40625 $0.40 $16,250 $5,000 $4,916 $6,334
LB 415 52500 $0.42 $22,050 $5,800 $6,353 $9,898
MH 146 57500 $0.48 $27,600 $7,200 $6,958 $13443
PL 43 48750 $0.41 $20,202 $2,722 $5,899 $11,582
Average 33944 $0.43 $13,950 $5,202 $4,107 $4,641
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Table 3.2. Cost of pest management in south Forida peppers (1997-98)

Annual production |Average estimated Average estimated cost per acre for other IPM inputs Pest management share of total
cost ($/A) pesticide cost ($/A) production costs
Farm Crop Consultants Pheromone  |Total Pest
Code trapping Management Cost
~D $5,000 $500 $50, $0 $550 11.0%
~J $4,500 $225 $39 $0 $263 5.8%
~T $5,000 $375 $32 $0 $407] 8.1%
~V $5,200 $300 $0 $0 $300 15.4%
~Yf $4,800 $762 $0 $0 $762 15.9%
~Ys $4,800 $746 $0 $0 $746 155%
1F $6,200 $400 $45 $0) $445 7.2%
BF $6,200 $775 $42) $0 $317 13.2%
JN $5,000 $675 $25 $2 $702 14.0%
LB $5,800 $480 $40 $0 $520 9.0%
MH $7,200 $1,300 $0 $0) $1,300 18.1%
PL $2,722 $251] $0 $0 $251 9.2%
Average $5,202 $607 $23 $0 $630 11.9%

Table 3.3. Pest problems occurring in south FHorida pepper crops. Estimates of long-term (5-year) acreage affected and yield losses.

Pest Acreage where control problems occur |Percentage of total acreage |Average grower's estimate of lost potential yield
Diseases

Anthracnose 97| 4.1% 0.1%
Bacterial soft rot 160 6.7% 0.1%
Bacterial spot 1491 62.7% 9.4%
Frog eye spot 15 0.6% 0.1%
Fusarium 97| 4.1% 0.9%
Phytophthora 798 33.6% 5.3%
Pythium 80 3.4% 0.0%
Sclerotinia 80, 3.4% 0.0%
Virus diseases 800, 33.7% 0.0%
Insects
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Table 3.3 (Continued). Pest problems occurring in south Florida pepper crops. Estimates of long-term (5-year) acreage
affected and yield losses.

Aphids 286 12.0%) 0.1%
Beet armyworms 524 22.1% 0.2%
Broadmites 175 7.3% 3.2%
Fall armyworms 989 41.6% 0.7%
Pepper weevils 1010 42.5% 2.0%
Southern armyworms 1234 51.9% 0.6%
Thrips 317 13.3% 0.6%
Tomato fruitworms 160 6.7% 0.1%
Wireworms 21 0.9% 0.1%
Nematodes

Root knot nematode 166 7.0% 0.3%
Weeds

Eclipta 129 5.4% 0.0%
Grasses 20 0.8% 0.0%
Nightshade 1618 68.1% 0.0%
Nutsedge 203 8.5% 0.0%
Sesbania 400, 16.8% 0.0%
White sweet clover 80, 3.4% 0.0%
Total loss of potential yield 23.8%
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Table 3.4. Pedticide usein bell pepper production at Farm LB under two different farm managers (LB1 and LB2). FASSindicates
Florida Agriculturd Statistics Service Statewide usage data for the specified year.

Source FASS (LBl LB1 LB1 FASS [LB1 LB1 LB1 LB2 FASS ([LB2 LB2 LB2 |LB2 LB2
Season Y ear 1994 F 94 S95 F95 1996 S96 F96 S97 F97 1998 S98 F98 S99 F99 S00
Common Name Type”*

Dicofol Ac 0.42 0.00 0.00 0.68 0.84 0.13 0.59 0.00 0.00 i 0.00 0.00] 0.00 0.21] 0.00
Neem Extract (Oil) Ac 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.46) 0.19 0.00 0.00
Sulfur Ac 0.00 1.80 3.00 6.00 0.00 2.38 9.45 9.66[ 15.21 0.00 8.44 9.27| 4.77( 15.43 5.12
Copper Ammonium Carbonate |Fg 2.58 0.00 0.00 0.00 ‘ 0.00 0.00] 0.00 0.00 0.00 0.00 0.00] 0.00 0.00 0.00
Copper Hydroxide Fg 8.77) 38.58| 52.46| 52.62 9.38] 45.83] 22520 13.32| 11.71 5.41 9.82 18.30] 12.60[ 23.69 15.58
M ancozeb Fg 9.54 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 7.22 0.00} 0.00[ 0.00 0.00] 0.00
Maneb Fg 12.17] 1447 14.38) 14.29] 12.35| 14.40| 14.33] 12.34| 14.40[ 10.63| 14.29 14.38| 12.27| 14.28 14.37
M efenoxam Fg 0.54 0.84 0.43 0.75 0.96 1.24 0.46 0.50 1.06 0.23 1.49 0.76] 1.05 0.16 0.00
Papain Fg 0.00 9.44 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00} 0.00[ 0.00 0.00) 0.00
Chloropicrin Fm 91.23| 49.50|] 55.68 54.25[ 65.77] 54.36] 60.02 66.06] 58.82] 74.66] 70.31 58.98| 59.01] 57.50] 57.50
Methyl Bromide Fm 188.58| 148.50| 167.05( 162.75| 174.95] 163.07| 180.05 198.17| 176.46| 178.92( 210.94| 176.93|177.03| 172.50, 172.50
Glyphosate Hb 0.00 0.00 0.00 0.00 0.00 1.40 0.00 3.76 0.00 0.00 0.00} 0.00[ 0.00 0.00) 0.00
Lactofen Hb 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.00 0.00] 0.00 0.00 0.00
MCDS Hb 43.62 0.00 0.00 0.00] 123.63 0.00 0.00] 0.25 0.18 0.00 0.00] 0.00 0.00 0.00
M etolachlor Hb 0.00 0.00 0.00 0.00 0.00 1.86 2.27 1.13 1.33 0.00 2.45 0.00[ 0.00 0.00) 0.00
Paraguat Dichloride Hb 0.41 1.63 2.43 0.00 1.15 1.81 1.87] 1.04 0.66 0.62 0.77 0.00] 0.00 0.00 0.00
Sethoxydim Hb 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.10 0.00 0.00 0.00} 0.00[ 0.00 0.00) 0.00
Trifluralin Hb 0.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.03 0.00} 0.00[ 0.00 0.00) 0.00
Acephate In 0.00 1.20 0.00 0.00 0.00 0.54 0.00 0.00 0.00 2.32 0.00 0.00] 0.00 0.00 0.00
Avermectin In 0.000] 0.000] 0.000f 0.000] 0.000; 0.000f 0.000f 0.000] 0.000] 0.000f 0.000f 0.005/ 0.001f 0.000; 0.000
Azadirachtin In 0.00 0.00 0.00 0.07 0.00 0.00 0.01 0.00 0.00 0.00 0.00} 0.00[ 0.00 0.00) 0.00
Bacillus thuringiensis In Y 3.28 1.10] 1.20 Y 1.08 0.91] 0.71 3.90 Y 4.33 3.55| 3.27 5.68 3.71
Crop Qil In 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00} 0.00[ 0.00 0.00) 0.00
Cryolite In 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00} 0.00[ 0.00 0.00) 1.04
Cyfluthrin In 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 0.02 0.00 0.00 0.00 0.00] 0.00 0.00 0.00
Cyromazine In 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00} 0.00[ 0.00 0.00) 0.00
Endosulfan In 1.93 0.30 0.00 0.00 1.06 0.00 0.00 0.00 0.00 4.36 0.00] 0.00[ 0.00 0.00) 0.00
Imidacloprid In 0.00 0.50 0.49 0.31 0.00 0.31 0.29 0.18 0.25 0.25 0.27 0.21] 0.07 0.08 0.14
M ethomyl In 2.65] 2.09] 292 336/ 3.19] 258 228 322 329 122 2093 000 164 0.00 0.00
Oxamyl In 1.78]  0.000 0.000 ©0.000 153 0.00] 0.36 0.26] 0.80] 212 0.94 1.06] 0.91] 078 0.00
Permethrin In 0.45 0.00 0.00] 0.00 0.66 0.00 0.00] 0.00 0.00 0.32 0.00 0.00] 0.00 0.00 0.00
Spinosad In 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00} 0.03[ 0.02 0.14] 0.00
Tebufenozide In 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 0.00[ 0.00 0.83 0.14

Datafor this Al were not available for this season/year. " This Al is not reported by FASS because of variability in Al content. * Ac=Acaicide, Fg=Fungicide, Fm=

Fumigant, Hb = Herbicide, In = Insecticide, Boldface = FQPA-listed.
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Table 3.5. Comparison of pesticide gpplications at three pepper farmsin south FHorida
Pesticides targeted for regulatory action under FQPA appear in boldface. Pesticides with
known or potentid efficacy againgt pepper weevils are underlined.

~Y BF LB ~Y BF LB
Fl Fl Fl Spring  [Spring | Spring
Dicofal Acaricide 000 0.000 021 0.000 0.00 0.00
Sulfur Acaicide 10050 7.75 1543 6.000 268 5.12
Chloropicrin Fumigant 50.00f 50.00, 57.50] 50.00, 50.00f 57.50
Methyl Bromide Fumigant 150.00] 150.00] 172.50| 150.00, 150.00| 172.50
Copper Hydroxide Fungicide 11.84) 29.95 23.69 10.01] 2295 15.58
Maneb Fungicide 14.39] 11.34] 14.28) 13.50{ 8.81] 14.37
Mefenoxam Fungicide 075 0.00f 016 0.000 0.00  0.00
Glyphosate Herbicide 0.00f 143 000 0.000 214 0.00
Paraguat Dichloride Herbicide 0.000 357, 0.000 0.00 357, 0.00
Azadirachtin Insecticide 0.00f 0.077 0.00 0.00 0.09 0.00
Bacillus thuringiensis Insecticide 048 0.69 568 080 059 371
Crop Qil Insecticide 0.00f 16.62] 0.00 0.00, 19.99] 0.00
Cryolite Insecticide 0.00f 0.000 0.00f 0.00 0.00 1.04
Dimethoate I nsecticide 063 0.00 000 031 000 0.00
Edenvaerate Insecticide 0.04f 0.000 0.00 0.00 0.00 0.00
Imidacloprid Insecticide 021 0.05 0.08 0.04 018 0.14
M ethomyl I nsecticide 0.000 0.000 000 270 032 0.00
Oxamyl | nsecticide 2500 0.000 0.78 6.83 0.89 0.00
Spinosad Insecticide 034 0.00F 014 0.090 0.09 0.00
Tebufenozide Insecticide 0.00f 0.07, 083 013 0.00 0.14




Figure 3.1. Pepper weevil evaluations at Farm LB, Immokalee, FL, 1999-2000

IA// i
IA\
A\
|A/
!.A
IAH
0 0 ™ 0 o~ 0 “ o) o
< ™ o — o

Infestation Severity Grade (0-5)

00/¢/5

| 00/92/Y

00/8T/v
00/L1v
00/1€/E
00/vele
00/L1/E
00/0T/e
0o/e/e
00/5¢/¢
00/8T/¢
00/1T/¢
00/v/c
00/8¢/T
00/Te/T
00/VT/T
00/L/T
66/0€/CT
66/€c/cT
66/LT/CT
66/0T/CT
66/€/CT
66/9¢/1T
66/6T/1T
66/CT/1T
66/S/TT
66/62/0T
66/¢c/0T
66/¢T/0T
66/S/0T
66/8¢/6
66/1¢/6
66/v1/6
66/./6
66/1€/8

Evaluation Date

|——Fall, 1999 —#— Spring 2000 |

Page 44



Figure 3.2. Pepper weevil evaluations at Farm ~Y, Immokalee, FL, 1999-2000
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Figure 3.3. PEW Trap Captures at Farms LB and BF, Immokalee, FL, Spring 2000
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