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Florida Entomologist 64(4) 

ELI LILLY EL-468, A NEW BAIT TOXICANT 
FOR CONTROL OF THE RED IMPORTED FIRE ANT1'2 

DAVID F. WILLIAMS AND CLIFFORD S. LOFGREN 
Insects Affecting Man and Animals Research Laboratory, 

Agricultural Research Service, 
USDA, Gainesville, FL 32604 USA 

ABSTRACT 

Eli Lilly EL-468, a phenylenediamine, possesses the delayed-toxicity 
necessary for a bait toxicant to control colonies of the red imported fire ant, 
Solenopsis invicta Buren. In laboratory tests it gave delayed action over 
more than a 10-fold range of concentrations; in field tests, baits formulated 
on pregel defatted corn grits and applied at 20 and 40 g AI/ha produced as 
high as 86 and 91% control. 

RESUMEN 

Eli Lilly EL-468, una fenilenodiamina, tiene la toxicidad retardada que 
se nesecita para poder usarlo con cebos para controlar las colonias de la 
hormiga roja importada, Solenopsis invicta Buren. En pruebas de laboratorio 
se mostr6 actividad retardada en un rango de concentraciones de 10 incre- 
mentos. En pruebas de campo, se obtiuvieron control de hasta 86 y 91% con 
cebos formulados con maiz a medio moler con la manteca extraida y la 
condicion "pre-gelatinosa" que fue aplicada a 20 y 40 g IA/ha. 

Large-scale control programs for the red imported fire ant (RIFA), 
Solenopsis invicta Buren, were conducted with mirex baits from the early 
1960's through 1977 (Lofgren et al. 1963, 1964, Banks et al. 1973, Alley 
1973). On 30 June 1978 the registrations of mirex were cancelled by the 
Environmental Protection Agency. Justification for the action was attributed 
to (1) the discovery of mirex residues in the environment (Ludke et al. 
1971, Mehendale et al. 1972, Baetcke et al. 1972); (2) its toxicity to estua- 
rine organisms (Lowe et al. 1970, 1971); and (3) its carcinogenic properties 
(Innes et al. 1969, Mrak 1969). 

Laboratory and field studies by Williams et al. (1980) and Banks et al. 
(1981) led to the conditional registration of AC 217,300 (2(1H)-pyrimi- 
dinone, tetrahydro-5,5-dimethyl-, [3[4- (trifluoromethyl) phenyl]-l-[2-[4- (tri- 
fluoromethyl) phenyl]ethenyl]-2-propenylidene]hydrazone) by the Environ- 
mental Protection Agency for the control of RIFA in August, 1980. Pres- 
ently, this is the only chemical registered for area-wide control of the RIFA. 

In an effort to find delayed-action toxicants for use in RIFA baits, USDA 
(ARS) scientists have evaluated hundreds of chemicals each year, with 
more than 6,500 chemicals evaluated since 1957. Very few have showed the 
delayed toxicity required for a bait toxicant (Banks et al. 1977) and only 
mirex and AC 217,300 were registered for commercial use. 

1Hymenoptera: Formicidae. 
2Mention of a pesticide, commercial or proprietary product does not constitute an endorse- 

ment or recommendation by the USDA. 
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Recently a new chemical, EL-468, (N-[2-amino-3-nitro-5- (trifluoromethyl) 
phenyl]-2,2,3,3-tetrafluoropropanamide) produced by Eli-Lilly and Company 
has shown promise in our laboratory and field studies. In this paper we re- 
port the results of these tests. 

MATERIALS AND METHODS 

Laboratory evaluation procedures for bait toxicants were described by 
Williams et al. (1980). Chemicals are first evaluated against worker ants 
in a primary screening test. Those chemicals showing delayed toxicity (de- 
fined as <15% kill at 1 day but >89% after 14 days) are given secondary 
screening tests against whole laboratory colonies containing a queen and 
workers in all developmental stages. The chemicals that cause >90% mor- 
tality in addition to killing or sterilizing the colony queen are selected for 
small-scale field tests to prove efficacy against natural populations of RIFA. 

A brief description of the primary screening test is as follows. Twenty 
worker ants from laboratory colonies that had been without food for 14 days 
were placed in 30 ml disposable plastic medicine cups ca. 24 hrs preceding 
the test. Candidate chemicals were dissolved directly in once-refined soybean 
oil (SBO) and offered to the ants on cotton swabs placed in small vial caps. 
The ants were allowed to feed on the treated SBO for 24 hrs, then the 
swabs and vial caps were removed from the cups and the ants remained 
without food for an additional 24 hrs. New vial caps containing cotton 
swabs saturated with untreated fresh SBO were placed in the cups and left 
for the remainder of the test period. Knockdown and mortality counts were 
made at intervals of 1, 2, 3, 6, 8, 10, and 14 days following initial exposure. 
Each test consisted of 3 replications at 3 concentrations, 1.0, 0.1, and 0.01%. 

The secondary screening tests were as follows. The chemicals were dis- 
solved at 1.0, 2.5, and 5.0% by weight in once-refined SBO and then impreg- 
nated on pregel defatted corn grits (Lauhoff Grain Company, Danville, 
Illinois) at 30% by weight of total formulation. Five grams of the formu- 
lated bait were placed in disposable plastic weighing boats (100 ml cap.) 
and then each boat was placed in a laboratory colony starved for 5 days 
prior to the test. The ants were allowed to feed on the bait for 96 hrs, then 
the bait was removed and replaced with the standard laboratory diet of 
honey-water (1:1) and Bank's diet (Williams et al. 1980). General observa- 
tions on the condition of the colony and mortality counts (estimation of dead 
ants and brood) were recorded weekly. The tests were continued until the 
queen, brood, and >90% of the workers were dead (in the case of the queen, 
complete sterility was sufficient) or the colony had recovered and returned 
to a normal condition. This condition was considered reached after the 
queen resumed egg laying and all stages of immatures were present. Each 
concentration was tested against 2 laboratory colonies consisting of 60 to 
120 thousand workers and 50 to 60 ml of brood. 

The field tests were conducted in Hamilton County, Florida. The chem- 
ical was dissolved at 2.5 and 5.0% by weight in once-refined SBO. Pregel 
defatted corn grits were impregnated with the oil solution at 30% by weight 
of total formulation to yield baits containing 0.75 to 1.5% active ingredient. 
The baits were applied with a tractor-mounted auger applicator (Williams 
et al. unpublished data) at 20 and 40g AI/ha (8.4 and 16.5 g AI/A). 
Amdro?, which is a formulated bait of AC 217,300 from American Cy- 
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anamid Company, Princeton, New Jersey, was applied as a standard at 10 g 
AI/ha (4.3 g AI/A) for comparison. All treatments were conducted on 0.4 
ha plots (3 replications per treatment) located in non-grazed permanent 
pasture. Controls were 3 untreated plots (0.4 ha each). 

Pre- and post-treatment counts of the number of active nests, the size 
of the nests, and the presence (normal) or absence (abnormal) of worker 
brood were recorded from 0.2 ha (0.5 acre) circles within each treatment 
block. 

The percentage control in the field tests was determined by making post- 
treatment evaluations at 6, 12, and 21 wk intervals using the method de- 
scribed by Harlan et al. (1981). This method uses a 10-point system to rate 
each colony based on the absence (categories 1-5) or presence (categories 
6-10) of worker brood. A normal colony of RIFA should contain worker 
brood, particularly during the warmer months of the year, thus a colony 
without worker brood would indicate the absence of a queen or the presence 
of a sterile queen. Also, each colony was rated on its size (no. of worker 
ants) ranging from <100 workers (categories 1 and 6) to >50,000 (cate- 
gories 5 and 10). Therefore, categories 1 and 6 (<100), 2 and 7 (100-1000), 
3 and 8 (1000-10000) 4 and 9 (10000-50000) and 5 and 10 (>50000) are 
all the same size but differ in whether worker brood is present or absent. 
The number of each category in a plot multiplied by the total number of 
colonies recorded for that category yields the "population index" for each 
plot. The difference between the pre- and post-treatment population indexes 
was used to calculate the percentage control for each treatment. 

RESULTS AND DISCUSSION 

In the laboratory primary screening tests EL-468 exhibited delayed 
toxicity at the 0.1 and 1.0% concentrations (Table 1), but it did not show 
toxicity at the 0.01% concentration. In comparison, mirex gave delayed kill 
at all 3 concentrations. When tested in a bait against entire laboratory 
colonies (Table 2) EL-468 killed 95 to 100% of the individual ants within 
each colony in 1 wk and all colonies were dead after 8 wks. 

The results of field tests (Table 3) suggest that EL-468 gave better 
control with both concentrations than the standard, Amdro?, at 6 wks and 
as good as or slightly better control at 12 wks; however, the differences were 

TABLE 1. RESULTS OF PRIMARY SCREENING TESTS WITH ELI-LILLY EL-468 
AGAINST RED IMPORTED FIRE ANTS (AVG. OF 6 TESTS). 

Conc. Percent knockdown and mortality 
(%) in after indicated number of days 

Treatment SBO 1 2 3 6 8 10 14 

EL-468 0.01 1 1 1 1 4 8 18 
0.1 0 4 12 55 79 89 97 
1.0 4 33 78 100 

Mirex standard 0.01 0 1 1 7 39 84 98 
0.1 1 2 17 66 84 92 100 
1.0 0 57 90 100 

Soybean oil check - 0 0 0 1 2 4 7 
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TABLE 2. EFFECT OF CONCENTRATION OF EL-468 AGAINST LAB COLONIES OF 
RIFA (5 GMS BAIT/COLONY); 30% SBO ON PREGEL DEFATTED CORN 

GRITS; 1 COLONY/TREATMENT. 

Percent knockdown and mortality 
Conc. (%) after indicated wks* 

in SBO 1 2 3 4 8 

1.0 95 97 98 99 D 
1.0 99 D 
2.5 99 99 99 D 
2.5 99 D 
5.0 D 
5.0 D 
5.0 (AC 217,300)** 99 D 
Check 0 0 0 1 5 

*D = death of colony. 
**AC 217,300 (Amdro) was used as the standard. 

not statistically significant. Evaluations for 21 wks post-treatment showed 
no significant differences but it appeared that the low concentration of 
EL-468 was not as effective as the standard or the higher concentration of 
~EL-468. EL-468 was applied at 2X and 4X the rate of AC 217,300 in the 
standard (Amdro?) in these field tests, because a preliminary study indi- 
cated an equivalent (1X) rate per hectare gave a maximum of 60% control. 
However, more recent tests in Mississippi (Banks et al. unpublished data) 
have shown good control of RIFA with rates as low as 3.2 g/ha. Also, 
Williams et al. (1980) reported laboratory screening data for AC 217,300 
that suggests that at the equivalent concentrations, the 2 compounds are 
equally toxic. It is possible that the apparent variations in results reflect 
formulation differences which will be resolved in subsequent studies under 
an Environmental Use Permit. 

An obvious difference between EL-468 and AC 217,300 is that the former 
does not exhibit the specific effects on the colony queen that were noted with 

TABLE 3. CONTROL OF RED IMPORTED FIRE ANTS WITH EL-468 IN FIELD TESTS 
IN HAMILTON COUNTY, FLORIDA. EACH TREATMENT APPLIED TO 3 
1-ACRE PLOTS. 

Percent control 
Conc. (%) Application rate after indicated wks** 

Chemical in oil* kg/ha g AI/ha 6 12 21 

EL-468 2.5 2.8 20 75a 86a 72a 
EL-468 5.0 2.8 40 77a 91a 86a 
AC-217,300 

(Standard) 2.5 1.4 10 66a 88a 80a 
Untreated control 7b 11b 9b 

*30% Soybean oil on pregel defatted corn grits. 
**Avg. 3 replications. Means in the same column not followed by the same letter are sig- 

nificantly different at the 5% level of confidence based on Duncan's multiple range test. 
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the latter compound (Williams et al. 1980). Despite these facts, our data 
show that EL-468 is an effective delayed-action toxicant which could be an 
additional useful tool for the control of imported fire ants and possibly other 
pest ant species. 

EL-468 can be referred to chemically as a phenylenediamine and thus it 
represents the second new class of chemicals that we have discovered that 
exhibit delayed toxicity. 
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DEVELOPMENTAL RATES AND 
EMERGENCE OF VEGETABLE LEAFMINER' 

PUPAE AND THEIR PARASITES 
REARED FROM CELERY FOLIAGE2 

EARL H. TRYON, JR. AND SIDNEY L. POE3 
Department of Entomology and Nematology 

IFAS, University of Florida 
Gainesville, Florida 32611 USA 

ABSTRACT 

Vegetable leafminers, Liriomyza sativae Blanchard, were reared from 
'2-14' celery foliage held at different constant temperatures to determine the 
influence of temperature on pupal development and on host and parasite 
emergence. Significantly (P?0.05) greater numbers of leafminer pupae 
were obtained from celery leaflets held at 32.2?C than at 15.6?C. The percent 
emergence of adult leafminers was significantly greater (P-0.05) at the 
higher rearing temperature (75% emergence above 20?C and 45% emer- 
gence below 20 ?C). Larval parasite emergence (Diglyphus intermedius 
(Grit.) and Chrysonotomyia formosa (Westwood)) was significantly (Pt- 
0.05) greater at temperatures below 23?C (43%) than at higher tempera- 
tures (29%). Leafminer pupal developmental time under constant rearing 
temperatures increased from 5-7 days at 32.2?C to 21.0 days at 15.6?C. 

Pupal development required a mean 127.8 degree-days, with an estimated 
lower threshold temperature of 10.0?C. The degree-day requirements for 
pupal development were not significantly different at constant rearing tem-- 
peratures of 15-35? C. 

RESUMEN 

Los minadores de hojas de vegetales, Liriomyza sativae Blanchard fueron 
criados en el follaje de apios '2-14' mantenidos a distintas temperaturas con- 
stantes para determinar la influencia de la temperatura sobre el desarrollo 
pupal y el surgimiento del huesped y el parasito. Un nuimero significativa- 
mente mayor (P--0.05) de pupas de minadores de hojas fueron obtenidos en 
ojitas de apio mantenidas a 32.2?C que de las mantenidas a 15.6?C. El por- 
centaje de produccion de adultos de los minadores fue significativamente 
mayor (P--0.05) a temperaturas de cria mas altas (75% a mas de 20?C, y 
45% bajo 20?C). El surgimiento de parasitos larvales (Diglyphus inter- 

1Liriomyza sativae Blanchard. 
2Florida Agricultural Experiment Station Journal Series No. 1958. 
3Current address: S. L. Poe, Head, Department of Entomology, Price Hall, Virginia Poly- 

technic Institute and State University, Blacksburg, VA 24061. 
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