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Figure 4.2. Averate daily weight gain for COT strain soybean looper larvae reared
on soybean and cotton. Each data point represents an instar +* SD from third to
pupation.
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likely to be exposed to multiple applications of insecticides
used for bollworm-tobacco budworm control in cotton in most
seasons. As a result, insecticide selection pressure is
likely to be intense and a major influence on insecticide
resistance development and management of soybean looper on

both cotton and soybean.



SUMMARY AND CONCLUSIONS
buring the course of this research, information was
developed in the areas of pyrethroid resistance mechanisms,
geographic and host~related effects on resistance,
inheritance of permethrin resistance, and dietary effects on
growth and permethrin tolerance in soybean looper larvae.

Findings are summarized by chapter below.

CHAPTER 1. Synergism of Insecticides Against Resistant
Soybean Looper Larvae (Lepidoptera: Noctuidae) in the
Laboratory and Field.

1. The mixed-function oxidase inhibitor piperonyl butoxide
(PB) completely synergized permethrin at a dose of 10
ug/larva in soybean looper strains collected from soybean in
Louisiana that possessed permethrin resistance levels of 2.7
to 14.1-fold. Significant synergism was also obtained by PB
in a strain collected from cotton in Texas, which was 14.8-
fold resistant, but low levels of resistance remained after
PB treatment in this strain. In a strain collected from
peppers in Puerto Rico that possessed the highest reported
level of permethrin resistance (426.6-fold), permethrin
toxicity was increased only 4.6 and 7.5-fold, respectively,
by 10 and 20 pug PB/larva.

2. No significant synergism was observed in any soybean
looper strains treated with 10 pug/larva of the esterase
inhibitor S,S,S tributylphosphorotrithioate (DEF).
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3. Synergism of methomyl by PB was lower than with permethrin
in one Louisiana strain tested.
4, Efficacy of permethrin at 0.11 kg AI/ha plus PB at 1.12 kg
AI/ha was significantly better than permethrin alone at 0.11
kg AI/ha in field trials in Louisiana. Soybean looper control
with this treatment was comparable to the current recommended

standard insecticide, thiodicarb, at 0.50 kg AI/ha.

CHAPTER 2. Characterization of Pyrethroid Resistance in a
Permethrin-Selected Strain of the Soybean Looper,

Pseudoplusia includens (Walker).

1. A permethrin-resistant laboratory strain of soybean
looper, which was developed by selection of larvae from
Louisiana field populations, possessed comparable levels of
resistance to two a-cyano pyrethroids, cypermethrin and
deltamethrin. In contrast, resistance was much lower to the
fluorinated phenyl alcohol pyrethroid tefluthrin.
Intermediate levels of resistance were present to the non-
ester pyrethroid BRC 429. All insecticides tested were
synergized by PB, but lower levels of synergism were observed
with tefluthrin and BRC 429.

2. Mixed-function oxidase activity, as measured by p-
nitroanisole metabolism, was significantly higher in the
resistant strain than in a susceptible lab strain and a non-

selected strain from the same origins as the resistant
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strain. However, no difference in metabolism was observed
between the non-selected and susceptible strains.

3. Penetration of "c-cypermethrin was significantly
decreased 1in resistant larvae treated with PB, but no
difference was detected in metabolites between PB-treated and

untreated larvae.

CHAPTER 3. Inheritance of Permethrin Resistance in the
Soybean Looper (Lepidoptera: Noctuidae).

1. Resistance 1in the resistant 1laboratory strain was
inherited as a codominant trait, with a degree of dominance
of 0.25 and 95% C. L. of 0.18-0.32.

2. Resistance appeared to be conferred by more than one gene
based on a standard chi-square analysis, and this conclusion
was supported in parallel bioassays with PB.

3. Although resistance was codominant in the laboratory,
comparison of the level of resistance in F, hybrids with
historical data on resistance in field populations suggests

that resistance may be effectively dominant in the field.

CHAPTER 4. Diet Influences on Permethrin Susceptibility and
Growth of Soybean Looper Larvae (Lepidoptera: Noctuidae).

1. Larvae from several strains of soybean looper were more
susceptible to permethrin when reared on artificial diet than
when reared on cotton. A strain selected for several

generations with permethrin was more susceptible when reared
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on soybean than when reared on cotton. There were no
significant differences in susceptibility between artificial
diet-reared and soybean-reared larvae in any of the strains
tested.

2. Individual larvae reared on cotton developed more slowly
than those reared on soybean, but larvae and pupae also
tended to attain higher weights. There was no difference in
survival or incidence of supernumerary instars between

soybean and cotton diets.

Results from  these studies confirm geographic
differences in permethrin resistance levels in the soybean
looper. They also indicate that differences exist in
resistance mechanisms. The primary resistance mechanism in
Louisiana is enhanced oxidative metabolism that is
suppressible with PB, but in overwintering areas other
mechanisms are present. Metabolism by esterases does not
appear to be important in the development of resistance. The
data also illustrate the importance of alternate hosts, such
as cotton and vegetables, in resistance development. Efforts
to manage insecticide resistance in the soybean looper may
need to be concentrated in overwintering areas and on crops
that are more heavily treated with insecticides than soybean.
This should include monitoring of resistance levels and
mechanisms in these populations so that the appearance of

resistant individuals in Louisiana can be anticipated.
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Results from bioassays with structurally altered
pyrethroids and increases in MFO activity observed in enzyme
assays also suggest that enhanced metabolism is a major
mechanism of pyrethroid resistance in the soybean looper.
These data also indicate that other mechanisms become
important with increased selection. Penetration of
pyrethroids is not enhanced by PB, but the exact role of PB
in pharmacokinetics of pyrethroids in the soybean looper
warrants further study.

Results from the inheritance study suggest that
permethrin resistance is not likely to decrease significantly
in the near future. Hybrid larvae from crosses between
resistant and susceptible individuals are likely to express
levels of resistance that make them very difficult to control
with permethrin. Because a significant number of individuals
in a population may carry at least one resistance gene even
when frequencies of these genes (regardless of the number of
loci involved) are relatively low, the proportion of the
population that is phenotypically resistant will probably
remain at unacceptable levels even with some decline in
resistance gene frequencies.

Soybean looper 1larvae that develop on cotton are
probably a significant source of resistant individuals as a
result of inadvertant selection by insecticide treatments.
The 1longer development time on this host may have some

negative impact on population dynamics, but also increases
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the period in which larvae may be exposed to insecticides,
thus strengthening the selection pressure. Other than
increased developmental time, cotton appears to as good a
host as soybean for this insect.

Ultimately, successful management of economically
damaging populations of soybean looper will depend on
integration of several management tactics. Soybean producers
may not always be able to rely on an inexpensive, highly
effective insecticide treatment such as permethrin provided
in the early years after 1its introduction. Although
permethrin + PB may provide an effective emergency treatment
for soybean looper, economics as well as the dynamic nature
of resistance will probably prevent this from being a
practical long-term management tool. Soybean varieties that
resist defoliation or mature early and avoid peak soybean
looper populations may be particularly useful in the future.
Insecticides are likely to remain an important component of
soybean pest management, however. These data support previous
research that indicates that soybean producers probably have
little control over resistance management, because selection
for resistance is probably greater in other crops. Therefore,
efforts should be continued to monitor insecticide resistance
in the soybean looper, both in Louisiana and in other areas

where this pest occurs.
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(Lepidoptera: Noctuidae). J. Econ. Entomeol. 86: 1236-1240.
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Entomology at Louisiana State University.
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