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Abstract

KabaéDcor methoprene is a potent insect growth regulator which will
control cigarette beetle populations when incorporated into tobacco at
the recommended dose of 5 ppm. This dose of methoprene will prevent
emergence of the first generation of cigarette beetles. It was found
that doses below lppm, although they did not significantly affect adult
emergence, did control the second generation of cigarette beetles.
Cigarette beetles were allowed to oviposite on media containing
methoprene at levels of 0.66, 0.33, 0.15 and O ppm. Only the 0.66 ppm
level significantly reduced cigarette beetle emergence. F-1 generation
adults were transferred to new containers and given the opportunity to
oviposite. No larvae developed in containers where beetles had been
reared on media containing 0.66 and 0.33 ppm methoprene. A significant
reduction in the number of emerging F-2 adults was found even at the 0.15
ppm level. Since adults do not feed significantly, damage at the lower
doses, 0.66 and 0.33, will be no greater than at the recommended higher
dose, 5 ppm. The ultimate test is the effectiveness of methoprene to
control the cigarette beetle on tobacco. Control of the F-1 generation
on tobacco at 1.04 and 0.60 ppm methoprene was 79 and 127 respectively.
Control was obtained at the F-2 generation at these concentrations.

Introduction
Kabat<B or methoprene is a potent insect growth regulator. It is
registered for control of cigarette beetle populations in stored
tobacco. At the recommended dose of 10 ppm, it is very effective in
preventing development of the insect at the pupal stage. This
concentration gives residual activity for up to four years (3).
Although it is highly effective, cost has slowed its incorporation into
many control programs. Even at the newer recommended dose of 5 ppm,
cost is still a problem.

The juvenile hormone of the insect also controls vitellogenesis and
oocyte development. Marzke et al. (4) found that exposing sexually
mature females of the cigarette beetle to methoprene resulted in a
dose-dependent decrease in reproduction. They indicated that the effect
was manifest during late embryogenesis.
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The purpose of the present study was to evaluate effects of rearing
cigarette beetles on very low levels of methoprene. Since metamorphosis
and emergence were relatively unaffected, particular emphasis was given
to development of the second generation.

Materials and Methods

Methoprenﬁxyas incorporated into corn meal or tobacco shred as
technical Kabat®, It was sprayed on the media in ethanol using a drum

mixer. Samples were assayed to determine exact me thoprene
concentrations.

There were two strains of cigarette beetle used in this study:
1. CR reared on corn meal and yeast
2. USF reared on tobacco

The parent generation was allowed to oviposite on untreated (control) or
treated media. Cultures contained 150 male and female beetles and were
in triplicate. These cultures (first generation) were incubated and
adults allowed to emerge. Beetles from these cultures were transferred
to fresh untreated media and given the opportunity to oviposite (second
generation). In this case, cultures contained 50 male and female
beetles and were replicated at least five times. In some cases, mass
cultures were set up using 600 male and female beetles. All cultures
were incubated at 28 C, 70%Z Ri and observed for egg laying, larval
development, pupation, and emergence rate.

Results

The preliminary study evaluated CR cigarette beetles at two
methoprene levels, 0.82 and 0.36 ppm (Table 1). At the higher
concentration, control of first generation emergence was 78.8%. Control
at the lower level was poor, only 16.3%. When adults were given the
opportunity to oviposite, no second generation developed.

This study was repeated using a wider range of methoprene
concentrations (Table 2). At a dose of 6.0 ppm, methoprene effectively
controlled first generation emergence. At 0.66 ppm, control was
moderate, 71%. At the two low concentrationms, 0.32 and 0.15 ppm, there
was very little control, 10%. There was no second generation where
beetles had been reared on media containing 0.66 and 0.32 ppm
methoprene. Control was erratic with beetles reared at 0.15 ppme.
Control ranged from O to 80%. These groups were also reared in mass
cultures. Beetles reared at 0.66 and 0.32 ppm me thoprene produced no
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progeny. No eggs could be found in these cultures. The second

generation from beetles reared at 0.15 ppm methoprene was 41.9% of the
control population.

The ultimate test is the effectiveness of methoprene to control the
cigarette beetle on tobacco. Tobacco was treated with methoprene at the
following levels: 2.40, 1.04, 0.60, and 0.23 ppm. At 2.40, there was
complete control at the first generation (Table 3). Control was less
effective at 1.04 and 0.60 ppm, 79% and 12% respectively. There was no
decrease in emergence rate at the low level (0.23 ppm). No eggs were
layed by beetles reared on media containing 1.04 ppm methoprene. The
second generation of beetles reared on media containing 0.60 ppm was
reduced, 82.4%. Progeny of the second generation of beetles reared at

0.23 ppm methoprene was significantly increased, 26.37% more than
controls.

Conclusions

Methoprene will control cigarette beetle populations when
incorporated into these growth media (tobacco) at levels as low as 0.5
ppm. Gross morphological abnormalities are the primary action above 1
ppm. It effectively interferes with the transformation of the mature
larvae to the adult stage. At doses below 1 ppm, a more subtle effect
becomes apparent. Although pupation and emergence of adults seems
normal, no second generation develops. The insect juvenile hormone
controls insect development in several areas. One area is oogenesis
primarily during vitellogenesis. In insects which do not normally feed
as adults (cigarette beetles) this process occurs in late larval and
pupal stages. In most cases, a maturation is even required in the adult
stage before eggs are ready to be fertilized. Methoprene at low
concentrations may have specific action during oogenesis. This action
would be masked at higher concentration because of the lethal effect.
Juvenile hormone analogues have shown deleterious effect on oogenesis in
arthropods. Necrosis of oocytes in premeiotic stages were reported in
the immature spider crab (2). Hydroprene inhibited oocyte development
when applied topically to the red cotton bug causing death and
resorption of oocytes in some insects (5). Extremely low levels of
methoprene stimulated higher population of cigarette beetles in this
study. Methoprene has been shown to stimulate synthesis of
vitellogenesis and other proteins in vitro (1).

Action of methoprene on insects is diverse. More precise mode of
action studies are required in this area. Use of low levels of
me thoprene for practical control of the cigarette beetle on tobacco will
require precise application equipment. Laboratory studies are
encouraging but larger scale evaluations are needed.
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Table |. Preliminary methoprene evaluation for control of
cigarette beetles reared on cornmeal-yeast media.

Concentration (ppm) ' % emergence (S.D.)
Ist generation  2nd generation
0.82 2l €657 0 (0)
0.36 83,7 €17.4) 0 (0)
Control 118G i|/8..59 100

Table 2. Dose related effects of methoprene on first and second
generation cigareftte beetles reared on cornmeal-yeast
media.

%emergence (S.D.)
Tst generation  2nd generation

Concentration (ppm)

6.00 0 ‘ '

0.66 2950 2:6) 0

Q.32 90.4 (7.4)

0l 8959 (5:5) 6148 (29:3)

Control 100 (9.1) 100 (14.4)

Table 3. Dose related effects of methoprene on first and second
generation cigareftte beetles reared on tobacco.

Concentration (ppm) % emergence (S.D.)
Ist generation 2nd generation

2.40 0 ——-

.04 2| 0 (0)

0.60 88 [ 7:6 (12:13%
0:25 120 1263 (11:2)%
Control |00 100 (12.4)

*Significantly different from control 99.9%
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