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Abstract The purpose of this study was to determine the toxicity of selected pesticides to adult
Diaprepes abbreviatus L. Because pesticides applied directly to this weevil were generally
ineffective, they were exposed to field rates of pesticide-treated bouquets of fully-expanded,
mature citrus leaves. Of the 28 compounds tested at field rates, 14 were effective with 85% or
greater mortality within 72 h for male and female Diaprepes beetles. With field rates, 100%
mortality was achieved within 72 h with Avaunt™, Baythroid™, Furadan™, Fury™, Lannate™,
and Supracide™ for males and females. At a field rate, only Supracide was effective producing
100% mortality within 24 h after exposure. Field rates of Avaunt, Baythroid, Capture, Furdan,
Fury, Lannate, and Supracide produced 100% mortality of males and females in 72 h. The field
rates of Sevin™ and Carzol™, currently used for D. abbreviatus, produced mortality levels of
about 95% after 72 h. Comparative LC,, showed that toxicity was in the order Baythroid = Fury
= Capture = Pounce = Asana > Avaunt = Furadan > Lannate > Supracide > Danitol > Vydate =
Sevin = Carzol = Guthion > Imidan = Lorsban.
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Diaprepes root weevil, Diaprepes abbreviatus L., is a polyphagous feeder (Fennah
1942) whose most economically important Florida host is Citrus spp. (Simpson et al.
1996), the most valuable Florida agronomic crop with a 1999-2000 estimated 337,061
ha and an annual value of $9.13 billion (Hodges et al. 2001). This important economic
pest of citrus is difficult to manage (Hall et al. 2001). Since its discovery in 1964, D.
abbreviatus has spread to 21 counties and currently infests approximately 66,420 ha
(Anonymous 1997). Adult and larval stages feed on leaves, roots, or fruit of many
agronomic and native host plants in Florida and several island nations of the Carib-
bean (Fennah 1942, Woodruff 1968, Simpson et al. 1996). In the United States,
important agricultural host plants include citrus, corn, cotton, potatoes, tobacco, sugar
cane, and soybeans (Jones 1915, Simpson et al. 1996). Diaprepes abbreviatus has
now been detected in California and Minnesota on ornamental plants, and in Texas
on citrus. (S. E. Simpson, FDACS, pers. comm.).

In citrus, male and female adult weevils feed on young leaves. Eggs are glued in
a mass between two, generally mature, leaves. After emerging from the egg, the
larvae drop to the ground and feed on the roots. Adults emerge from the soil 6 mo to
2 yr later (Griffith 1975). Larval feeding may take a citrus planting out of economic
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production within 5 yr of the first female oviposition in the planting. Bifenthrin (Tal-
star®) is required in nursery potting soil to control Diaprepes larvae if a state inspector
finds any D. abbreviatus life stage in the nursery (McCoy et al. 1995, Simpson and
McCoy 1996).

Diaprepes abbreviatus has proven difficult to control in commercial citrus (McCoy
and Simpson 1994). In Florida, adults can emerge from the soil at any time during the
year, but there is often a strong emergence peak associated with early spring rains,
continuing high emergence through the summer, a secondary emergence peak in the
fall, and low emergence during the drier winter months (Nigg et al. 2001¢, 2002, 2003,
Futch 2002, McCoy et al. 2003, 2004). However, the precise pattern of emergence
can vary considerably and often unpredictably for different locations and years (Nigg
et al. 2001¢, 2003, Futch 2002, McCoy et al. 2003, 2004). Females oviposit and
neonate larvae hatch and enter the soil whenever adults are present, but this activity
ceases with the onset of the cooler winter months when adults, egg masses, and
hatching neonates are generally not detectable within groves (Nigg et al. 2003, Mc-
Coy et al. 2003). The prolonged emergence, egg-laying, and egg-hatching periods for
this weevil, combined with the longevity and high fecundity of the adults (Nigg et al.
2004), contribute to control difficulties.

Previous work indicated that fewer larvae entering the soil after adult oviposition
would be a viable management goal for D. abbreviatus (Nigg et al. 1999a,b, 2001a,b).
There is a high correlation of the number of adults present and the number of larvae
entering the soil, suggesting that adult control with pesticides would reduce larval
numbers (Nigg et al. 2003). The purpose of this study was to determine the laboratory
toxicity of pesticides to adult D. abbreviatus for ultimate field validation.

Materials and Methods

Adult D. abbreviatus were obtained from the rearing facility at the Florida Dept.
Agr. and Consumer Services, Dept. of Plant Industry, Gainesville, FL. Due to genetic
and age variation in field-collected weevils, laboratory-reared weevils were used for
this study (Bas et al. 2000). Weevils were shipped in individual rearing containers as
newly-emerged virgin adults and were held for 6 to 13 d as individual pairs in a
950-mL plastic container with a screen top. One oviposition strip, a bouquet of im-
mature citrus foliage and a cotton dental wick containing 1% sucrose were provided.
The citrus foliage and dental wick were replaced Monday, Wednesday, Friday each
week. Oviposition strips were checked daily for eggs. Only females which oviposited
were included in mortality tests.

Topical treatment. Formulated pesticides obtained commercially were used for
this study (Table 1). The field rates of these pesticides listed in Table 2 are the highest
United States label rate for any crop. Initial topical tests were conducted with a Potter
tower (Burkard Mfg. Co., Ltd., Rickmansworth, Herts, England). To avoid mating,
which would block treatment of females, males and females were treated separately
in Potter tower tests. Ten males or ten females were placed in a 9 x 25 mm plastic
Petri dish with a 0.3 x 0.3 cm screen top. The screen-topped Petri dish was placed at
the bottom of a Potter tower. One mL of the 1167 L/ha rate of each chemical was
delivered at 9.66 x 10* Pa. The one mL volume was chosen as the volume evenly
covering a 9-mm diam. water sensitive paper (Teejet Spraying Systems Co., Whea-
ton, IL). Weevils were removed immediately after treatment to a 960-mL plastic con-
tainer. Each container was supplied with a dental wick wetted with 1% sucrose so-
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lution. Dead weevils were counted and removed at 24, 48, and 72 h after treatment.
Weevils were scored as dead when no movement occurred after probing with a
needle probe. There were three replicates of each treatment, that is, three containers
with 10 males and 10 females each. Mortality was calculated as percent mortality.

Topical treatment also was performed with a 50-pl glass syringe driven by a
manual apparatus delivering 1/50 of the syringe every push of the button. A 1 pl drop
of pesticide in acetone was delivered either to the dorsal thorax or ventral abdomen.
Controls received acetone only. There were three containers containing 5 males and
5 females per dose. After treatment weevils were placed in a 960-mL plastic container
with a bouquet of immature citrus leaves and a 3.0 cm dental wick wetted with 1%
sucrose. Fifty males and 50 females were weighed to produce an average weight for
dose calculation.

Contact/oral treatment. Pesticides were applied as the label field rate (Table 3)
to bouquets of fully-expanded, mature citrus leaves. Each bouquet contained 8 to 10
mature leaves inserted through a slit in the plastic top of a 30-mL plastic cup (Solo
Cup Co., Urbana, IL, Lid No. PL1). Applications were made with a handheld trigger
pump sprayer just to runoff, bouquets were allowed to dry (about 1 h) before being
placed in a 960-mL plastic container. In addition to the bouquet, weevils were pro-
vided with 3.0 cm dental wick wetted with 1% sucrose solution. Weevils were scored
as alive, dead (no movement on probing with a needle), or down (movement of any
body part) at 24, 48, and 72 h. Dead weevils were removed at each time period. Each
experiment was terminated at 72 h after treatment. There were 5 males and 5 females
per container and three containers for each treatment to avoid crowding of weevils.
The total percent mortality for the three containers, i.e., percent dead of 15 total males
or 15 total females, was one replication. Each treatment was replicated three times,
with only one replicate of any treatment per week. Each treatment set included three
containers of 5 males and 5 females on untreated leaves as controls.

Although these weevils preferentially consume immature leaves, feeding occurred
on the mature leaves in these experiments and, consequently, feeding was assessed
as: 0 = none, 1 = very light, 2 = light, 3 = light medium, 4 = medium, 5 = medium
heavy, 6 = heavy, and 7 = very heavy. Feeding means were compared by ANOVA
followed by Tukey’s HSD test, P = 0.05 (SAS Institute 1999-2001).

An LC, for selected pesticides was produced using the bouquet method just
described. LC,,, were calculated with PROCPROBIT (SAS Institute 1999-2001) to fit
a nonlinear regression with a forced 100% survival at time zero with 95% confidence
intervals. Only replicates with less than 10% mortality in controls were used in these
calculations.

Results and Discussion

There was generally 1 to 10% mortality when weevils were treated topically with
field rates with a Potter tower. An exception was zeta-cypermethrin (Fury, FMC Corp,
Philadelphia, PA) which produced 100% mortality with the Potter tower. Conse-
quently, the Potter tower method of treatment was not used further. We postulated
that the low mortality produced with the Potter tower was due to pesticide applied to
the back; that the higher mortality with bouquets was related to pesticide penetration
through the abdomen but we could not confirm this supposition by application of
pesticide to either thorax or abdomen (Table 2). Methidathion (Supracide, Gowan Co,
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Table 2. Toxicity (72 h) of pesticide formulation applied to the thorax or abdo-
men of Diaprepes abbreviatus

Mortality (%)

Pesticide Rate/ha ppm 3 ?
Thorax
Control 0 0 7 27
imidacloprid (Admire 2F) 0.32L 72 7 7
imidacloprid (Admire 2F) 234 L 428 13 13
methidathion (Supracide 2E) 23.38L 4880 100 100
oxamyl (Vydate L) 468 L 960 7 7
zeta-cypermethrin (Fury 0.8 EC) 0.37L 31 40 7
Abdomen
Control 0 0 0 0
imidacloprid (Admire 2F) 0.32L 72 0 7
imidacloprid (Admire 2F) 234 L 428 0 7
methidathion (Supracide 2E) 23.38L 4880 100 100
oxamyl (Vydate L) 468L 960 13 0
zeta-cypermethrin (Fury 0.8 EC) 0.37L 31 13 13

Yuma, AZ) produced 100% mortality with topical treatment, but zeta-cypermethrin did
not (Table 2).

Mortality due to topical/oral treatments with field rates is reported in Table 3. Those
compounds that produced less than 70% mortality in 72 h with the field rate (Table 3)
were not used for LC,, determinations. Compounds producing low mortality when
applied to leaves, and probably not useful for adult D. abbreviatus control, were
imidacloprid (Admire™, Bayer Crop Science, Research Triangle Park, NC), aba-
mectin (Agrimek™, Novartis™, Greensboro, NC), acetamiprid (Assail™, Cerexagri,
King of Prussia, PA), ethion (Ethion™, FMC Corp, Philadelphia, PA), azinphos-methyl
(Guthion™, Bayer Crop Science, Research Triangle Park, NC), milbamectin
(Mesa™, Gowan, Mesa, AZ), oxydemeton-methyl (Metasystox-R™, Gowan Co,
Yuma, AZ), capsaicin (NouGuard™, NTI, Tequesta, FL), and spinosad (Spintor™,
Dow Agrosciences, Indianapolis, IN). Imidacloprid is a systemic compound, is usually
applied as a soil drench and, in our experience, is toxic to D. abbreviatus (Nigg and
Simpson, unpubl.). Applied to leaves, this compound was virtually nontoxic to D.
abbreviatus adults (Table 3). Phosmet (Imidan™, Gowan Co, Yuma, AZ) and oxamyl
(Vydate™, Dupont, Wilmington, DE) are also systemic compounds, but produced 80
to 100% mortality. Because feeding occurred with all three compounds (Table 4), we
suggest that imidacloprid must be metabolized in the plant to the actual toxicant.

Table 4 presents the feeding estimation data for feeding on the same bouquet of
leaves every 24 h over 72 h. These data indicate that most of the feeding in these
tests occurred in the first 24 h. Toxic compounds generally had a feeding estimate of
1.0 or less with the exception of indoxacarb (Avaunt™, Dupont, Wilmington, DE), and
phosmet (Table 4). Feeding estimates averaging greater than 1.0 occurred with com-
pounds that produced less than 20% mortality in the first 24 h (Tables 3 and 4).
Control feeding was generally greater than 5.0, maximum = 7 (Table 4). Feeding, or
lack thereof, is usually not monitored in toxicity testing (Hayes 1975, Klassen 1996).
The technical term for lack of feeding is anorexia (“lack or loss of the appetite for food”
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as per Dorland’s lllustrated Medical Dictionary [1988]). For compounds that were not
toxic, there was no difference between feeding comparing the controls and treat-
ments: abamectin, novaluron (Diamond™, Crompton Corp, Middlebury, CT), ethion,
milbamectin, spinosad. An exception to this generalization was capsaicin. For com-
pounds that produced a toxicity of 50% or more, there was a difference in feeding
between controls and treatments (Tables 3 and 4). For formetanate HCI (Carzol™,
Gowan Co, Yuma, AZ) this feeding difference was dose related, for Imidan it was not.

Formetanate HCI and carbaryl (Sevin™, Bayer Crop Science, Research Triangle
Park, NC) currently registered for D. abbreviatus adults, had LC,s of 435 ppm and
436 ppm, respectively (Table 5). Based on the LCs,, better choices for controlling D.
abbreviatus adults might be esfenvalerate (Asana™, Dupont, Wilmington, DE), in-
doxacarb, cyfluthrin (Baythroid™, Bayer Crop Science, Research Triangle Park, NC),
bifenthrin (Capture™, FMC Corp, Philadelphia, PA), fenpropathrin (Danitol™, Valent,
Walnut Creek, CA), carbofuran (Furadan™, FMC Corp, Philadelphia, PA), zeta-
cypermethrin (both formulations), methomyl (Lannate™, Dupont Corp, Wilmington,
DE), permethrin (Pounce™, FMC Corp, Philadelphia, PA), and methidathion (both
formulations) (Table 5). These compounds represent widely differing chemistries
(Table 1), but none is registered for D. abbreviatus. Carbofuran and methidathion will
probably never be registered for D. abbreviatus because they are acetylcholinester-
ase inhibiting pesticides.

Table 6 presents the maximum active ingredient concentration tested in this study.
If the rate shown in Table 6 is not the field rate, it is a rate higher than the field rate.
For this insect, the mortality at this maximum dose is important. Diaprepes abbrevia-
tus females may produce as many as 10,000 eggs over their lifetime (Nigg et al. 2004)
and, thus, one female potentially can infest a substantial area. Consequently, com-
pounds that resulted in 100% mortality at the field rate or lower would be desirable for
D. abbreviatus. Compounds in this category are indoxacarb, cyfluthrin, bifenthrin,
carbofuran, zeta-cypermethrin, phosmet, methomyl, and methidathion (Tables 3 and
6). However, formetanate HCI and carbaryl, labeled and recommended for D. abbre-
viatus, did not produce 100% mortality even at concentrations higher than field rates
(Table 6) and were thus grouped with compounds that produced mortality levels
greater than 90%: formetanate HCI, azinphos-methyl, phosmet, carbaryl, and oxamyl
(Tables 3 and 6). Compounds that produce less than 100% mortality may prove
useful for controlling adult D. abbreviatus. These suppositions require field experi-
mentation (Stark et al. 1995). The very high rates of ethion, imidacloprid, abamectin,
capsaicin, and spinosad confirm their relative non-toxicity to D. abbreviatus (Table 6).

One of the difficulties in assessing pesticides for D. abbreviatus is that there is no
reliable field method for monitoring adult populations. Adults may be trapped, but trap
threshold and efficiency are not known and trapping gives only relative abundance
only (Duncan et al. 2001, McCoy et al. 2003). Adults may be collected by beating into
an umbrella; this method has been validated only for young citrus trees (Nigg et al.
1999b, 2001c). Larval abundance may be determined and provides a field manage-
ment assessment method (Nigg et al. 2003). We suggest that the larval abundance
method should be used for the field efficacy assessment of adulticides most likely to
be registered for D. abbreviatus: indoxacarb, cyfluthrin, zeta-cypermethrin, phosmet,
and oxamyl, and also for formetanate HCI and carbaryl, currently registered for D.
abbreviatus.

The effective management of D. abbreviatus will likely require an integrated pro-
gram of persistent adult control and effective biological control for eggs in the canopy.
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Table 6. Diaprepes abbreviatus mortality with highest pesticide rate tested (ppm)

Mean 72 h mortality (%)

Treatment ppm 3 Q

imidacloprid (Admire 2F, 24.4%) 2,400t 47 + 41 37 £ 32
abamectin (Agrimek 0.15EC, 1.9%) 500t 7+10 3+8
esfenvalerate (Asana XL, 8.4%) 50** 80 + 26 84 + 22
acetamiprid (Assail 70WP, 70%) 3001 53 + 31 40 + 20
indoxacarb (Avaunt WG, 30%) 600" 100+ 0 100+ 0
cyfluthrin (Baythroid 2, 25%) 42* 100+ 0 100+ 0
bifenthrin (Capture 2EC, 25.1%) 100* 100+ 0 100+ 0
formetanate HC1 (Carzol SP, 92%) 2,000** 96+ 9 98+7
fenpropathrin (Danitol 2.4EC, 30.9%) 500** 91+ 11 699
novaluron (Diamond, 10%) 88" 5+9 9+13
ethion (Ethion 4M, 46.5%) 16,0001 13+24 10+ 17
fipronil analog (EXP 61685, 10%) 500** 98 +7 73+ 33
carbofuran (Furadan 4F, 44%) 880" 100+ 0 100+ 0
zeta-cypermethrin (Fury 1.5EC, 17.6%) 58" 96 +9 987
zeta-cypermethrin (Fury 0.8EC, 9.7%) 30* 82 +19 93+ 14
azinphos-methyl (Guthion 2L, 22%) 2,000** 987 89 + 18
phosmet (Imidan 70W (buffered 1,600** 96+ 9 98+7

pH 6.0), 70%)
methomy! (Lannate LV, 29%) 870" 1000 100+ 0
chlorpyrifos (Lorsban 4E, 44.9%) 4,000** 98 +7 100+ 0
milbamectin (Mesa EC, 1%) 25* 2+4 0+0
oxydemeton-methyl (Metasystox R SC, 25%)  1,000* 44 + 30 60 +0
capsaicin (Nouguard, 0.64%) 6,400* 3335 3324
permethrin (Pounce 3.2EC, 38.4) 150* 98+7 100+ 0
carbaryl (Sevin XLR EC, 44.1%) 8,840* 9212 96+ 8
spinosad (Spintor 2SC, 22.8%) 141* 4+8 18+ 14
methidathion (Supracide 2E, 24.4%) 4,880" 100+ 0 100+ 0
methidathion (Supracide 25W, 25%) 1,000* 100+ 0 100+ 0
oxamyl (Vydate L, 24%) 960" 98 +4 93 £ 100
* Field rate.

“* Used for probit analyses.
1 LCgo attempt.

and larvae in the soil (where no registered chemical controls are currently available).
The laboratory data we present here will provide a basis for future field assessment
and for temporary management recommendations.
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