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ABSTRACT  Seven alternative insecticides to methyl parathion were
assessed for stink bug control and yield and quality losses in soybean field
trials in Georgia, Louisiana and Florida during 1988 and 1989. Several
pyrethroid insecticides including lambda-cyhalothrin, cyfluthrin,
tralomethrin and cypermethrin controlled the southern green soybean stink
bug, Nezara viridula (L.). These insecticides had greater residual control
than methyl parathion, the standard for stink bug control, and acephate,
another labeled soybean insecticide. The residual control of the pyrethroids
also prevented the buildup of green cloverworm, Plathypena scabra (F.),
velvetbean caterpillar, Anticarsia gemmatalis Hibner, and bean leaf beetle,
Cerotoma trifurcata (Forster). Permethrin, another pyrethroid insecticide, did
not provide adequate stink bug control at the rate tested. Yields and 100-seed
weights in the alternative insecticide plots were equal to or exceeded those in
the standard treatments. Soybean quality (lower percentage of stink bug
damaged kernels) was higher in plots treated with pyrethroids. Several
alternative insecticides for controlling stink bugs are available to replace
methyl parathion in soybean, should this product become unavailable to
producers due to its patent expiration or denial of re-registration.
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Turnipseed and Kogan (1976) reported that the stink bug complex and the corn
earworm, Helicoverpa zea (Boddie), were the most serious soybean pod feeders in
the United States. Stink bugs cause significant quality and yield losses in soybean
annually in Louisiana, Florida and Georgia (Jensen and Newsom 1972, Todd and
Turnipseed 1974). It is estimated that stink bugs cost Georgia producers over $13
million in chemical controls and crop losses in some years (Douce and McPherson
1991). Stink bugs cause economic damage in soybean beginning at initiation of
podfill and continuing until plant maturity (Minor 1966).

The soybean stink bug complex in the Southeast consists primarily of the southern
green stink bug, Nezara viridula (L.), the brown stink bug, Euschistus servus
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(Say), and the green stink bug, Acrosternum hilare (Say) (Panizzi and Slansky
1985). However, N. viridula is generally the most economically damaging
species (McPherson et al. 1993). Methyl parathion provides highly effective
control of the stink bug complex at a reasonable cost, and has been the
preferred insecticide for stink bug control in soybean for at least two decades
(Adams and McPherson 1990).

Considerable research has documented stink bug biology and damage in
soybean (Harris and Todd 1981, McPherson et al. 1979b). Most of this effort has
focused on the southern green stink bug, N. viridula (Schumann and Todd
1982, Russin et al. 1987). Methyl parathion has been used almost exclusively as
a standard for evaluating stink bug control in field plots (McPherson et al.
1979a). Few research programs have examined alternative chemicals for
control of stink bugs. Several candidate pesticides indicate good control of
certain stink bug species (Layton and Boethel 1987, Funderburk and Brown
1989, McPherson and Taylor 1989, Mink and Boethel 1989). However, impact of
these products on soybean quality and yield is lacking.

In 1987, the patent for methyl parathion was due to expire and the product
was a candidate for reregistration by EPA. It was uncertain whether the parent
manufacturer would find it profitable to undergo the reregistration process
with patent expiration eminent. At present, only one company (Cheminova,
Bloomfield, NJ) markets methyl parathion in the United States. Also, concerns
about its EPA registration status persist due to its high mammalian toxicity
(Delaplane 1993). Therefore, alternatives for controlling stink bugs in soybean
need to be identified, and the impact of these alternative controls on soybean
production must be evaluated to determine whether crop yield and quality
losses will be affected. This study was undertaken to assess the impact of
alternative insecticides to methyl parathion for stink bug control in soybean
production systems in Louisiana, Florida and Georgia.

Materials and Methods

Similar field experiments were conducted at agricultural experiment
stations in Louisiana, Florida and Georgia during 1988 and 1989. At each test
location, either '‘Bragg’ or ‘Braxton' soybean varieties (both maturity group VII)
were planted in conventional wide-row cropping systems in mid-May. The
experimental design for each site was a randomized block design with 4
replications. Plot size was 9.1 m X 15.2 m (0.014 ha). Treatments included
lambda-cyhalothrin (Zeneca Ag Products, Wilmington, DE), cyfluthrin (Miles
Ag Division, Kansas City, MO), tralomethrin (AgrEvo, Wilmington, DE),
acephate (Valent USA, Germantown, TN), methyl parathion or a
microencapsulated formulation of methyl parathion (EIf Atochem, Philadelphia,
PA), and an untreated control. At some test sites, cypermethrin (Zeneca Ag
Products or FMC Corp., Philadelphia, PA) and permethrin (Zeneca or FMC)
also were included. The plots were sampled weekly using a standard 38-cm
diam sweep net, taking 25 sweeps per plot (Kogan and Pitre 1980). The stink
bug complex and other pest species including velvetbean caterpillar, Anticarsia
gemmatalis Hibner, green cloverworm, Plathypena scabra (F.), and bean
leaf beetle, Cerotoma trifurcata (Foster) were monitored. However, because
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N. viridula was so predominate at all test locations, only its numbers were used
in data comparisons. Treatments were applied when stink bug population
densities approached an average of 6 per 25 sweeps during soybean growth
stages R4 (pods developing) through Rg (full green bean developed in the pod,
Fehr et al. 1971). Insecticides were applied with a COq-pressurized backpack
sprayer calibrated to deliver 140 to 205 liters of finished product per ha at (35-
40 psi, 8002 nozzles). In Georgia in 1988, a second application of all products
was necessary to control stink bug populations.

All plots were harvested with a small plot combine for yield and seed quality
evaluations. Seeds were categorized as having either light, moderate, heavy, or
no stink bug damage (McPherson et al. 1979b) from four random 100 seed
samples per plot. The percent damaged seed and 100 seed weight was
determined. Data were analyzed by analysis of variance (P = 0.05) and each
product was compared to the untreated control using Dunnett's test and to the
standard (methyl parathion) using single degree-of freedom contrasts (SAS
Institute 1985).

Results and Discussion

The four alternative insecticides provided equal or greater residual control
than microencapsulated methyl parathion in Georgia on each date evaluated
(Tables 1, 2). The stink bug population density at this test site was 3-fold
greater than the treatment threshold level of 9 per 25 sweeps in mid-
September, 22 days posttreatment, and all products were reapplied. The stink
bug population remained below the treatment threshold level in all the treated
plots for the remainder of the season, except the methyl parathion plots at two
days after the second application (Table 2). Most insecticides significantly
reduced the stink bug nymph and adult populations below those in the
untreated plots on most sampling dates except 22 days after the first
application date, when all populations were high, and 14 and 21 days after the
second application date, when all populations generally were declining. Only a
few significant contrasts were detected when comparing stink bug populations
in plots treated with methyl parathion vs those that received alternative
insecticides (Tables 1 and 2).

Similar results were obtained at both test sites in Louisiana in 1988 with six
alternative insecticides applied to control southern green stink bugs (Tables 3, 4).
At test site 1 the population had nearly equal numbers of adults and nymphs
that peaked at the treatment threshold level on 8 September (Table 3), two
days after the applications were made. At test site 2, the population peaked
seven days after treatment and was comprised mostly of nymphs (Table 4).
Cypermethrin (0.022 - 0.045 kg Al/ha) provided good to excellent control at both
test sites. All insecticides significantly reduced the stink bug populations below
those in the untreated plots 2 and 7 days after the applications were made.
Significant contrasts between populations in methyl parathion and all the
alternative insecticides were detected 14 days after treatment in test 1,
indicating that the alternative treatments provided longer residual control. All
the alternative insecticides also were effective on stink bugs in Florida
soybeans in 1988, although populations never exceeded the treatment threshold
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throughout the season, except on 4 October (14 days after application) when the
untreated plots had 9.3 stink bugs per 25 sweeps and all the treated plots had
significantly lower populations of 0.3 to 3.0 per 25 sweeps. Permethrin also was
applied at 0.11 kg Al’/ha at this test site. This alternate insecticide reduced
stink bug populations only slightly relative to those in the untreated plots on all
sampling dates except 14 days after treatment, when populations were
significantly lower in the permethrin plots (3.0 per 25 sweeps) than in the
untreated plots (9.3 per 25 sweeps, F = 6.1, 6 and 18 df, P = 0.01).

The four alternative stink bug insecticides evaluated in Georgia in 1989
provided residual control equal to methyl parathion up to 14 days after
treatment (Table 5). Cyfluthrin and tralomethrin continued to provide control
for up to 14 days, even though the stink bug population density was rising in
the untreated plots to nearly 3-fold the treatment threshold level. No
significant contrasts were detected between population densities in the methyl
parathion vs alternative insecticides, indicating that the alternatives were
equal to the standard in controlling stink bug populations. All treatments had
significantly lower stink bug adult populations than those in the untreated
plots 3 days after application, and several treatments remained effective 7 and
14 days posttreatment.

All insecticide controls were effective at both test sites in Louisiana in 1989
(Tables 6 and 7). Population densities of southern green stink bugs approached
treatment threshold in test 1 and exceeded the threshold by 3-fold in test 2.
Very few significant contrasts were detected between methyl parathion and the
alternative insecticides, indicating that the alternatives were as effective as the
standard.

The residual control of the pyrethroid insecticides prevented the buildup of
green cloverworms at the Louisiana test 1 site in 1988. At 14 days after
application, the acephate, methyl parathion, and untreated plots had 19.9, 31.1,
and 10.6 larvae per 25 sweeps, while all other treatments had significantly
lower populations (less than 0.4 larva per 25 sweeps).

The residual activity in all the treatments in the 1989 Georgia test
prevented a buildup of velvetbean caterpillars 14 days after application.
Samples in the untreated plots averaged over 10 larvae per 25 sweeps on this
date (12 September) while all other treatments had fewer than 0.2 larva per 25
sweeps. Bean leaf beetles also were effectively controlled up to 14 days after
application in the 1989 test by all treatments except acephate and the lowest
rate of methyl parathion. At 14 days after treatment, there were 13.3, 6.0, and
3.8 beetles per 25 sweeps in the untreated, acephate, and methyl parathion
plots, respectively, while all other treatments had fewer than 1 beetle per 25
sweeps. At 21 days after treatment, the counts were 20.3, 13.3, and 10.3 beetles
per 25 sweeps, respectively, with fewer than 4 per 25 sweeps in the other plots.
The residual control of the pyrethroids prevented the buildup of green
cloverworms 14 days after application in the Louisiana test 2 sites in 1989. The
acephate and methyl parathion treated plots had larval populations
approaching those in the untreated control plots (over 20 per 25 sweeps), while
the other treatments contained populations below 1 larva per 25 sweeps.

More stink bug-damaged kernels were detected in the untreated plots than
in any of the insecticide treated plots in Georgia in 1988 (Table 8). Stink bug
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damage was evident on 89% of the seeds in the untreated plots, and
significantly more seeds were heavily damaged in the untreated plots, than in
the plots treated with insecticides. One hundred seed weights were significantly
higher when alternative insecticides were utilized relative to seed weights in
the untreated plots or when methyl parathion was applied. Yields were
significantly higher in all insecticide-treated plots than in the untreated plots,
except for those treated with acephate and methyl parathion. No significant
differences were detected in seed damage, 100-seed weight or yield among
treatments in the Louisiana (Table 9) and Florida tests in 1988. However, a
trend was apparent for lower yield and higher seed damage in the untreated
plots in Louisiana (Table 9).

Stink bug-damaged kernels were high in Georgia in 1989 (Table 10), with
most of the damage being in the light category (punctured but not wrinkling).
There were significantly more undamaged seeds in the cyfluthrin and
tralomethrin plots relative to the untreated plots. Yields tended to be higher in
the treated plots although not significantly so (P = 0.07). Differences among
treatments were not observed for 100-seed weights (Table 10). In both tests in
Louisiana in 1989, stink bug-damaged kernels were not significantly higher in
the untreated plots than in the treated plots (Tables 11, 12). These tests were
conducted late in the season when the plants were in the Rg and Ry growth
stages. This might explain why most of the damage was recorded as light in
these tests because the seeds were nearing maturity when treatable stink bug
populations developed. Yields were significantly higher in the plots treated with
methyl parathion or cyfluthrin in test 2 (Table 12); however 100-seed weights
were not different at either test site. No differences were noted in seed quality
evaluations and yields among treatments in the 1989 Florida test. This was due
to low numbers of stink bugs at this test site throughout the entire season.

The results of this series of field tests indicate that several potential
alternative insecticides are currently available for controlling stink bugs on
soybeans. Subsequent to these studies, other tests have confirmed the efficacy
of these insecticides over a wide range of stink bug population levels, at several
geographic locations, and at dosages lower than those reported here (Boyd et al.
1994, McPherson and Moss 1990, Weir et al. 1991, 1992, 1993.) Thus, these
products not only provide acceptable control, but as the studies reported here
indicate, they also maintain soybean quality and yields at or above the levels
obtained with the current standard insecticide, methyl parathion. Economic
studies have reported that these alternative insecticides are also cost efficient
(Chyen et al. 1992). Tralomethrin is labeled for use in soybeans, and the
Georgia, Louisiana, and Florida Cooperative Extension Service guidelines now
include this product in their recommendations. The companies that produce
lambda-cyhalothrin and cyfluthrin are currently pursuing soybean
registrations. Permethrin is already labeled for control of certain soybean insect
pests, but due to lack of effectiveness against stink bugs, its label should not be
expanded to include this pest complex. There is no indication that cypermethrin
will be registered for use on soybean in the near future.
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