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Abstract The brown stink bug, Euschistus servus (Say) (Hemiptera: Pentatomidae), is an
economic pest of pecan, Carya illinoinensis (Wangenh.) K. Koch (Juglandaceae), and other
agronomic crops across the southeastern United States. The efficacy of many insecticides
against E. servus attacking pecan is not well documented even though the label for many of
these insecticides may indicate one or more stink bug species as targets. Thus, we assayed
various insecticides, labeled for application to pecan, to determine efficacy against E. servus.
Insecticides were applied to pecan limb terminals with nut clusters in orchards in Georgia and
Texas during 2009 and 2010. Treated limb terminals were cut from the tree and taken to the
laboratory 1, 4, and 7 d after treatment. Treated nuts or limb terminals (i.e., nuts and foliage)
were placed individually in cups or cylinder cages, respectively, and adult E. servus then
placed into these containers. Mortality and moribundity of E. servus were recorded at 24, 48,
or 72 h in addition to rating feces production at 72 h in some trials. Results consistently
indicate that bifenthrin provided greater control of adult E. servus for a longer time after
application than other products, including the organophosphate chlorpyrifos. Aside from
bifenthrin also affecting the feces rating, the only other treatment that reduced feces
production compared with untreated nuts was A-cyhalothrin + thiamethoxam.

Key Words Carya illinoinensis, feces rating, insecticide label, residual activity

The brown stink bug, Euschistus servus (Say) (Hemiptera: Pentatomidae), is a
polyphagous pest of economic concern to numerous row and orchard crops,
including pecan, Carya illinoinensis (Wangenh.) K. Koch, across much of the
southcentral and southeastern United States (Jones and Sullivan 1982, Tedders et
al. 1990, Woodside 1946). Pecan, the most valuable native nut crop in North
America, is grown commercially in improved-cultivar orchards across the southern
United States from the East Coast to the West Coast and is also managed in native
stands within its natural range. Pecan fruits are subject to stink bug feeding injury
soon after pollination in the spring through harvest in the fall.

Damage to pecan fruit by different pentatomid species is similar (Dutcher and
Todd 19883, Yates et al. 1991). Their feeding reduces both kernel quality and yield.
Stylet penetration through the shell of developing fruit before the shell hardens
causes the kernel to rot, and fruits generally abscise. Stink bugs feeding after the

"Received 28 September 2015; accepted for publication 01 December 2015.
2Corresponding author (e-mail: ted.cottrell@ars.usda.gov).
3Texas A&M AgriLife Extension, Texas A&M University, P.O. Box 2150, Bryan, TX 77806-2150.
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kernel reaches dough stage and the shell has hardened leave localized black
lesions on the mature kernel, but fruits do not abscise (Demaree 1922, Osburn et al.
1966). Lesions on kernels are bitter and must be separated after harvesting
(Demaree 1922, Osburn et al. 1966, Turner 1923). Payne and Wells (1984)
reported that 52% of these pentatomid-induced lesions harbored various genera of
fungi, including Penicillium, Alternaria, Fusarium, and Aspergillus.

Recommendations for stink bug control in orchard crops of the southern United
States, especially pecan and peach (Prunus persica [L.] Batsch), rely heavily on
pyrethroid insecticides (Horton et al. 2010, Hudson et al. 2010). However, E. servus
is still very difficult to control due to its inherently low susceptibility to many of these
insecticides and/or the short residual activity of these materials (Tillman and
Mullinix 2004). Other pest pentatomid species, such as Chinavia hilaris (Say) and
Nezara viridula (L.), have proved more susceptible to many of the commonly used
pyrethroids (Hopkins et al. 2009, Snodgrass et al. 2005). Management difficulties
are often compounded by large numbers of highly mobile E. servus adults
continuing to move into orchards for multiweek periods of time, especially in late
May/early June and then again in late September/early October as nymphs
developing on weed and crop hosts mature to adults (Cottrell et al. 2000).

Many insecticide products are available for management of stink bugs; however,
their efficacy and residual activity when applied in pecan orchards against E. servus
generally is not well documented. The objective of this study was to determine the
efficacy of some insecticides that are labeled for use in pecan orchards and when
that insecticide label also indicates that the product can be used to manage one or
more species of stink bugs. Additionally, feces ratings were conducted to assess
relative feeding on pecan nuts treated with different products.

Materials and Methods

Study locations. This study was conducted during the summer and fall of 2009
and 2010 in research pecan orchards at the USDA, Agricultural Research Service,
Southeastern Fruit and Tree Nut Research Laboratory in Byron, GA, and in a
commercial pecan orchard near Caldwell, TX.

Stink bugs. Brown stink bug adults were collected in the field from pheromone-
baited pyramidal traps (Cottrell 2001, Cottrell and Horton 2011, Mizell and Tedders
1995) at both locations. Additionally, adults were captured with a sweep net from
various host plants at the Texas location. When adults were needed for assays,
traps were monitored daily or collected by sweep net. The pheromone used in these
traps is an aggregation pheromone, that is, methyl (2,4)-decadienoate, that is
attractive to Euschistus spp.; nymphs along with adult male and female stink bugs
are attracted (Aldrich et al. 1991). Collected adults were taken to the laboratory,
housed in plastic containers, and provided green beans (Phaseolus vulgaris L.) and
ears of field corn (Zea mays L.). These adults were maintained under a summer
photoperiod of 14:10 h (L:D) and at 25°C for 48 h and then used in an assay, usually
within 7 d of being collected from the field.

Insecticides. The insecticides used in this study were labeled for application to
commercial pecan orchards in both Georgia and Texas (Tables 1, 2) but also for
application to multiple crop species. Each label for each product tested listed certain
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species of Pentatomidae or “stink bug species” as target pests for at least one crop
species on the label; the label may or may not have listed one or more species of
Pentatomidae as a target pest on pecan (Tables 1, 2). Nonetheless, these products
are commonly used on pecan against other pest species listed on the insecticide
label and at a time when pecan fruits are susceptible to injury by Pentatomidae
(Hudson et al. 2010, Knutson et al. 2010). It is understandable that product users
could expect that efficacy against species of Pentatomidae on other crop species
should also extend to efficacy against Pentatomidae attacking pecan.

Insecticides assayed in this study included: bifenthrin (Brigade® WSB
Insecticide/Miticide; FMC Corporation, Philadelphia, PA); thiamethoxam (Centric®
40WG; Sygenta Crop Protection, Inc., Greensboro, NC); zeta-cypermethrin
(Mustang Max™ Insecticide; FMC Corporation); thiamethoxam + A-cyhalothrin
(Endigo® ZC; Syngenta); imidacloprid + bifenthrin (Swagger®; Loveland Products,
Inc., Loveland, CO, and Bridgadier® Insecticide: FMC Corporation); chlorpyrifos
(Warhawk®; Loveland Products, and Govern® 4E Insecticide; Tenkdz, Inc.,
Alpharetta, GA); imidacloprid (Macho® 2.0 FL; Albaugh, Inc., Ankeny, IA); A-
cyhalothrin (Karate® Insecticide with Zeon Technology™; Syngenta).

Insecticide assays. Assays using a treated nut placed in a cup and provisioned
with a stink bug were conducted at Byron, GA, and Caldwell, TX, during 2009
(Table 1) and 2010 (Table 2). Two replicated experiments were conducted each
year (2009 and 2010) at Byron, GA. One replicated experiment was conducted at
Caldwell, TX, during 2009 and two replicated experiments were completed in 2010.
We used a randomized complete block design (RCBD) each year, always using
four (Byron, GA) or three (Caldwell, TX) replicates. Within a replicate, a single
treatment was applied to foliage and nut clusters of marked pecan terminals on one
tree. Treated nuts were still within the nondehisced (i.e., closed, green) shuck.
Multiple terminals (with nut clusters) on a tree were treated to obtain the required
number of treated nuts for an assay; assays were conducted 1 and4or1,4,and7d
after treatment. When a second experiment was conducted, different trees (without
prior insecticide application) were selected to receive treatments. Care was taken to
prevent the possibility of drift among trees that received different treatments. During
2009, insecticide treatments were applied on 28 September (Experiment 1) and 8
October (Experiment 2) in Georgia and on 29 September in Texas using rates as
indicated in Table 1. During 2010, insecticide treatments were applied on 14
October (Experiment 1) and 21 October (Experiment 2) in Georgia and on 14
August (Experiment 1) and 7 October (Experiment 2) in Texas using rates as
indicated in Table 2. Insecticides were prepared in 3.78 L of water equivalent to the
typical grower application of 935 L/ha. Treatments were applied to nut clusters on
pecan terminals in orchards using a flat fan nozzle on a 3.78-L manual pump
sprayer (Hudson® model 30161, Hastings, MN, or Spectracide™ model 27019,
Chapin International Inc., Batavia, NY). Applications approached, but did not
exceed, runoff and thus were commensurate with grower applications of 935 L/ha to
pecan. Again, care was taken such that treated nut clusters on pecan terminals
were spaced apart to prevent overspray or drift between adjacent treatments.

At 1, 4, and 7 d after treatment (2009 Experiment 1, GA; 2010 Experiment 1, GA
and Experiment 2, TX) and at 1 and 4 d after treatment (2009 Experiment 2, GA and
TX; 2010 Experiment 2, GA and Experiment 1, TX), nut clusters were cut from
treated pecan terminals and taken to the laboratory. In the laboratory, each
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treatment (within a replicate) used 10 nuts that were placed singly into lidded cups
(266-ml cups [Eco Products®, Boulder, CO] were used in GA and 133-ml cups
[VWR International LLC, Radnor, PA] were used in TX) and a single adult brown
stink bug was placed in the cup. Thus, 10 insects were used for each treatment in
each of the 4 or 3 replicates for the GA or TX locations, respectively. The cups
containing a pecan and a stink bug were placed, using a RCBD, in a controlled
environment incubator at 25 = 1°C and a 14:10 h (L:D) photoperiod. Stink bugs
were observed for percentage mortality + moribundity after 24, 48, and 72 h in the
cup (2009 and 2010 Experiments 1 and 2, GA) or after 24 and 48 h in the cup (2009,
TX; 2010 Experiments 1 and 2, TX). Moribund insects were alive but unable to right
themselves when turned over or did not exhibit coordinated movement. In addition,
for the studies in GA during 2009 and 2010, after stink bugs had been in cups with
nuts for 72 h, the amount of feces produced was rated (0, none; 1, light; 2, heavy)
but only if the stink bug was alive at 72 h. This was done for nuts collected from the
orchard 1, 4, and 7 d after treatment.

An assay using a treated limb terminal (i.e., foliage, limb, and nut cluster) was
conducted in GA during 2009. This assay tested exposure of adult stink bugs to the
entire limb terminal, as when stink bugs are in a pecan tree, treated with bifenthrin
(0.56, 1.12, 1.40, 1.68, or 2.24 kg a.i./ha) and a nontreated control limb terminal.
Treatments were prepared and applied, similarly as before, to nut clusters and
foliage of the pecan terminal. Four replicates of each treatment were used. At 1, 4,
and 7 d after treatment, terminals were cut from trees and taken to the laboratory.
For each terminal, the cut end was placed into a 500-ml Erlenmeyer flask filled with
water. The opening of the flask, with the protruding terminal, was wrapped with
Parafiim® (Bemis Flexible Packaging, Neenah, WI) to prevent stink bugs from
entering the flask. This arrangement of the terminal and flask was then placed into a
transparent cylinder cage. The cylinder (height 45 cm, radius 14.5 cm) was made of
clear polyester film and was enclosed, top and bottom, using standard white bucket
lids (United States Plastic Corp., Lima, OH) that had been vented by cutting a hole
in each lid and covering with plastic mesh to prevent stink bugs escaping. Ten adult
E. servus (n= 40 per treatment) were then added to the cylinder and were visually
confirmed to have crawled onto the pecan terminal. The cylinders were then left
undisturbed at room temperature and a 14:10 h (L:D) photoperiod for 48 h after
which the cages were examined and the number of live, moribund, and dead bugs
was recorded.

Statistical analyses. The percentages of stink bugs that were nonfeeding, i.e.,
dead + moribund, at the observation intervals (i.e., 24, 48, and 72 h) were analyzed
by location using a univariate repeated-measures analysis of variance (ANOVA)
each time pecan fruit were collected (i.e., 1 and 4 or 1, 4, and 7 d after treatment)
(SAS Institute 2013). In this model, the effect of treatment was tested with respect to
the variation from replicate to replicate and the repeated-measures factor for the
“observation intervals” (3 or 2 for GA and 2 for TX) was tested with respect to the
variation from the different observation intervals within a replicate. The within-
replicate variability was reflected in the residual error. The effect of observation
interval used the residual error for the denominator of its F statistics. However, the
between-replicate variability was not measured by residual error but was captured
with the replicate within-treatment effect in the model. The F statistic for the
between-replicate effect treatment used this nested effect instead of the residual
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error for its F ratio denominator. For the feces rating, the average score was
analyzed using one-way ANOVA. If a treatment did not have any living bugs, a
feces rating for that treatment was excluded from analysis. Data collected at 48 h
from the pecan terminal assay (1, 4, and 7 d after treatment) were analyzed using
one-way ANOVA. For all analyses, if a significant treatment effect was detected (P
< 0.05), Tukey’s Honestly Significant Difference test was used to separate means
(SAS Institute 2013).

Results

Cup assays: 2009 and 2010. A significant treatment effect was detected 1 d
after treatment during the first experiment conducted in GA (F=10.36; df =6, 21; P
< 0.0001). Bifenthrin resulted in a higher percentage of dead + moribund stink bugs
than all other treatments except chlorpyrifos (Fig. 1A). Similarly, at both 4 and 7 d
after treatment, a significant treatment effect was detected (F=25.86; df =6, 21; P
< 0.0001 and F=59.42; df =6, 21; P < 0.0001, respectively) and each time, only
bifenthrin resulted in a higher percentage of nonfeeding stink bugs (Fig. 1B, C).
Rating for feces was not analyzed for bifenthrin and chlorpyrifos treatments 1 d after
treatment or for bifenthrin 4 d after treatment due to very low numbers of stink bugs.
For the remaining treatments and control 1 d after treatment, no difference was
detected in feces production but statistical significance was approached (F= 3.14;
df =4, 12; P = 0.0553). At 4 d after treatment, feces production was significantly
higher for the control, thiamethoxam, and zeta-cypermethrin than for thiamethoxam
+ A-cyhalothrin (F=8.95; df =5, 15; P=0.0004) (Fig. 2A). The feces rating 7 d after
treatment was different among treatments (F=22.52; df =6, 18; P < 0.0001) and
was significantly lower for bifenthrin than all other treatments and the control. The
rating for thiamethoxam + A-cyhalothrin was lower than the control, chlorpyrifos, and
zeta-cypermethrin (Fig. 2B).

During the second experiment conducted in GA (2009), a significant treatment
effect was detected 1 d after treatment (F = 5.44; df = 6, 20; P = 0.0018) when
chlorpyrifos resulted in a higher percentage of nonfeeding stink bugs 1 d after
treatment than all other treatments except bifenthrin and the combination treatment
of thiamethoxam + A-cyhalothrin (Fig. 3A). At 4 d after treatment, a significant
treatment effect was detected again (F=3.13; df =6, 20; P=0.0249); however, the
only significant difference occurred between bifenthrin and the control treatment
(Fig. 3B). The difference in results, 4 d after treatment in the second experiment,
from the first experiment is likely because 0.46 and 1.45 cm of rain occurred during
the second Experiment 2 and 4 d after treatment, respectively, before pecan nuts
were collected for the 4 d after treatment assessment. An assay was not conducted
at 7 d after treatment for this second experiment because by that time there had
been 5.66 cm of rain since treatment application. Concerning the feces rating 1 d
after treatment, bifenthrin and thiamethoxam + A-cyhalothrin were both significantly
lower than the control, and bifenthrin was lower than thiamethoxam (F=5.40; df =6,
26; P = 0.0028) (Fig. 2C). At 4 d after treatment, there were no treatment
differences for the feces rating (F=1.94; df =6, 26; P=0.1313) likely due to rainfall
that occurred.

$S900E 981J BIA Z0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



186 J. Entomol. Sci. Vol. 51, No. 3 (2016)

A, B .
100 - 100 -
90 + 90 A
80 - 80 -
70 4 70 -
=60 60 -
H 50 50 -
il
£ 401 40 - b
S 30 - 30 - T b
W20 1 20 - L v b
£ 10 A 10 - b b
30 U
bt 5 ) SO ~N
: C FEFTEF S &S
; F&LETSEFS
ST ETE
g w0, CEIEESS
580- (\g\)@' &X\u&,
£ 70 -
60 -
50
40
30 1
I
o u b = b b b]
S & & & N
FEFEFeES
A N &54@00
¥ I TS
S & P FFS
& N ‘@\{0‘@
AP *

Fig. 1. Percentage of nonfeeding (i.e., dead + moribund) E. servus adults
(Byron, GA, 2009) when placed singly in a cup with an insecticide-
treated or nontreated pecan nut 1, 4, or 7 d after treatment (A, B, and C,
respectively). Repeated-measures analysis of variance was performed
on nonfeeding E. servus as observed at 24, 48, and 72 h after
placement of the adult in the cup. Different letters above columns
indicate a significant difference between treatments (Tukey’s Honest-
ly Significant Difference, P < 0.05).

When the experiment was conducted in TX a significant treatment effect was
detected 1 d after treatment (F=100.43; df =5, 12; P < 0.0001). Bifenthrin resulted
in a higher percentage of nonfeeding stink bugs than all other treatments (Fig. 4A).
The chlorpyrifos treatment, although significantly lower than bifenthrin, resulted in a
higher percentage of nonfeeding stink bugs than the remaining treatments. At 4 d
after treatment, a significant treatment effect was detected (F=32.49; df =5, 12; P
< 0.0001) but only bifenthrin resulted in a higher percentage of nonfeeding stink
bugs (Fig. 4B).

During the first experiment of 2010 in GA, a significant treatment effect was
detected 1, 4, and 7 d after treatment (F=20.81; df =4, 15; P < 0.0001, F=12.71;
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Fig. 2. Mean rating for feces production by adult stink bugs (0, none; 1, light;
2, heavy), after 72 h, when provided a pecan nut treated with an
insecticide or a nontreated nut (A) 4 or (B) 7 d after treatment during
Trial 1 and (C) 1 d after treatment during Trial 2 at Byron, GA, in 2009.
Different letters above columns indicate a significant difference
between treatments (Tukey’s Honestly Significant Difference, P <
0.05).

df=4,15; P=0.0001, F=6.17; df =4, 15; P=0.0038, respectively). Regardless of
how many days after treatment, both rates of the bifenthrin-only product always
resulted in a significantly higher percentage of nonfeeding stink bugs compared with
the control treatment at 1, 4, and 7 d after treatment (Fig. 5A, B, C). The higher rate
of bifenthrin + imidacloprid resulted in a significantly higher percentage of
nonfeeding stink bugs, compared with the control at 1 d after treatment but not at
4 or 7 d after treatment; whereas, the low rate of this treatment was never
significantly different from the control (Fig. 5A, B, C). Feces ratings were different at
1, 4, and 7 d after treatment with a significantly higher rating for the control than for
any of the treatments each time (F=12.64; df=4, 12; P=0.0003, F=30.88; df =4,
12; P < 0.0001, F=11.03; df =4, 12; P=0.0005, respectively) (Fig. 6A, B, C).
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Fig. 3. Percentage of nonfeeding (i.e., dead and moribund) E. servus adults
(Byron, GA, 2009) when placed singly in a cup with an insecticide-
treated or nontreated pecan nut 1 or 4 d after treatment (A and B,
respectively). Repeated-measures analysis of variance was performed
on nonfeeding E. servus as observed at 24 and 48 h after placement of
the adult in the cup. Different letters above columns indicate a
significant difference between treatments (Tukey’s Honestly Signifi-
cant Difference, P < 0.05).

The second experiment during 2010 in GA also detected a significant treatment
effectat 1, 4, and 7 d after treatment (F=20.69; df=4, 15; P < 0.0001, F=15.61; df
=4, 15; P < 0.0001, F=3.30; df =4, 15; P = 0.0395, respectively). At 1 d after
treatment, both rates of both products resulted in a significantly higher percentage
of nonfeeding stink bugs compared with the control (Fig. 7A). At 4 d after treatment,
both rates of bifenthrin resulted in significantly more nonfeeding stink bugs than the
control; whereas, this only occurred with the higher rate of bifenthrin + imidacloprid
(Fig. 7B). At 7 d after treatment, only the higher rate of bifenthrin + imidacloprid was
significantly higher than the control (Fig. 7C). Feces ratings were different at 1, 4,
and 7 d after treatment, with a significantly higher rating for the control than for any
of the treatments each time (F=12.13; df =4, 12; P=0.0004, F=78.51; df =4, 12;
P < 0.0001, F=9.66; df =4, 12; P=0.0010, respectively) (Fig. 8A, B, C).

During the first experiment of 2010 in TX, a significant treatment effect was
detected at 1 and 4 d after treatment (F= 33.13; df =4, 10; P < 0.0001 and F=
12.97; df = 4, 10; P = 0.0006, respectively). Both rates of bifenthrin resulted in a
significantly higher percentage of nonfeeding stink bugs 1 d after treatment
compared with the other treatments. The imidacloprid treatment and the A-
cyhalothrin + thiamethoxam treatments were not different from the control at either 1
or 4 d after treatment (Fig. 9A, B). At 4 d after treatment, the higher rate of the
bifenthrin product was significantly different from all other treatments, except the low
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Fig. 4. Percentage of nonfeeding (i.e., dead and moribund) E. servus adults
(Caldwell, TX, 2009) when placed singly in a cup with an insecticide-
treated or nontreated pecan nut 1 or 4 d after treatment (A and B,
respectively). Repeated-measures analysis of variance was performed
on nonfeeding E. servus as observed at 24 and 48 h after placement of
the adult in the cup. Different letters above columns indicate a
significant difference between treatments (Tukey’s Honestly Signifi-
cant Difference, P < 0.05).

rate of bifenthrin, and no other treatment was significantly different from the control
(Fig. 9B).

The second experiment during 2010 in TX detected a significant treatment effect
at 1, 4, and 7 d after treatment (F=187.86; df =4, 10; P < 0.0001, F=548.08; df =
4, 10; P < 0.0001, F=51.07; df =4, 10; P < 0.0001, respectively). At 1 d after
treatment, both rates of both insecticides (i.e., bifenthrin and bifenthrin +
imidacloprid) resulted in a significantly higher percentage of nonfeeding stink bugs
compared with the control (Fig. 10A). At 4 d after treatment, all treatments resulted
in significantly more nonfeeding stink bugs than the control (Fig. 10B); only the low
rate of bifenthrin + imidacloprid was lower than the other treatments. At 7 d after
treatment, both rates of both treatments resulted in a similar and significantly higher
percentage of nonfeeding stink bugs than the control (Fig. 10C).

Limb terminal assay. When treatments were applied to the bark, foliage, and
nut cluster of an entire branch terminal and caged together with adult stink bugs for
48 hat 1, 4, and 7 d after treatment, a significant treatment effect was detected each
time (F=13.46; df=5, 15; P < 0.0001, F=14.48; df =5, 15; P < 0.0001, and F=
11.43; df =5, 15; P < 0.0001, respectively). At 1, 4, and 7 d after treatment a higher
percentage of nonfeeding stink bugs was found in each treatment rate compared
with the control. The only difference among rates was at 4 d after treatment between
the lowest and highest bifenthrin rates (Fig. 11A, B, C).
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Fig. 5.

Percentage of nonfeeding (i.e., dead and moribund) E. servus adults
(Byron, GA, 2010) when placed singly in a cup with an insecticide-
treated or nontreated pecan nut 1, 4, or 7 d after treatment (A, B, and C,
respectively). Bifenthrin was applied at 0.6 and 0.9 g product per liter.
The bifenthrin + imidacloprid combination product was applied at 1.0
and 2.0 ml product per liter. Repeated-measures analysis of variance
was performed on nonfeeding E. servus as observed at 24 and 48 h
after placement of the adult in the cup. Different letters above columns
indicate a significant difference between treatments (Tukey’s Honestly
Significant Difference, P < 0.05).

Discussion

All'insecticides used in this study listed one or more Pentatomidae on its label as
target pests, but our results demonstrate that the different insecticides, even when
used at high rates, do not provide the same outcome against E. servus when
applied to pecan nut clusters. Thus, producers relying upon management of target
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Fig. 6. Mean rating for feces production by adult stink bugs (0, none; 1, light;
2, heavy), after 72 h, when provided a pecan nut treated with two rates
of two insecticides or a nontreated nut (A) 1, (B) 4 or (C) 7 days after
treatment during Trial 1 at Byron, GA, in 2010. Different letters above
columns indicate a significant difference between treatments (Tukey’s
Honestly Significant Difference, P < 0.05).

pests (as listed on an insecticide label) may not always achieve an expected level of
control against a particular pest species. In fact, the label for the imidacloprid
product specifically listed E. servus as a target pest, but the percentage of
nonfeeding adults achieved was never different from the control treatment. Even
still, when a particular pentatomid species is controlled using a certain rate of an
insecticide, that does not guarantee control of another pentatomid species with that
same rate. For example, Snodgrass et al. (2005) reported lower susceptibility of E.
servusthan C. hilaris and N. viridula to certain insecticides. Additionally, the efficacy
of an insecticide can vary against the same species attacking different crops as
when the combination of A-cyhalothrin + thiamethoxam provided higher efficacy
against E. servus attacking peach fruit than when applied to pecan fruit, possibly
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Fig. 7. Percentage of nonfeeding (i.e., dead and moribund) E. servus adults

(Byron, GA, 2010) when placed singly in a cup with an insecticide-
treated or nontreated pecan nut 1, 4, or 7 d after treatment (A, B, and C,
respectively). Numbers following treatment names on the x-axis
represent total grams active ingredient/liter. Repeated-measures
analysis of variance was performed on nonfeeding E. servus as
observed at 24, 48, and 72 h after placement of the adult in the cup.
Different letters above columns indicate a significant difference
between treatments (Tukey’s Honestly Significant Difference, P <
0.05).

due to increased feeding on peach as evidenced by greater feces production
(T.E.C. unpubl. data).

The literature contains numerous laboratory studies reporting the efficacies of
insecticides against E. servus (Kamminga et al. 2009a, 2009b; Ldpez et al. 2012a,
2012b; Snodgrass et al. 2005; Willrich et al. 2003). Willrich et al. (2003) found that
adult brown stink bugs were more susceptible to field rates of bifenthrin than other
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Fig. 8. Mean rating for feces production by adult stink bugs, after 72 h, when
provided a pecan nut treated with two rates of two insecticides or a
nontreated nut (A) 1, (B) 4, or (C) 7 d after treatment during Trial 2 at
Byron, GA, in 2010. Different letters above columns indicate a
significant difference between treatments (Tukey’s Honestly Signifi-
cant Difference, P < 0.05).

pyrethroid insecticides, and Snodgrass et al. (2005) also found that cyfluthrin was
similarly toxic to E. servus. In another study, which did not include cyfluthrin, Lépez
et al. (2012a) found zeta-cypermethrin and y-cyhalothrin similarly toxic as bifenthrin
to E. servus. Additionally, these laboratory studies support the assertion that E.
servus is less susceptible than C. hilaris or N. viridula to many insecticides.

In contrast to the laboratory studies, field studies typically do not show such a
distinct separation among treatments. Insecticide treatments may increase stink
bug mortality compared with the untreated control, but most are not significantly
different from each other (Hopkins et al. 2009, Kamminga et al. 2009b, Willrich et al.
2003). For example, Kamminga et al. (2009b) used a green bean pod dip assay in

$S900E 981J BIA Z0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



194 J. Entomol. Sci. Vol. 51, No. 3 (2016)

LT-]A a B
2100 - a 100 -
2 90 1 T 90 1
5 80 - 80 A .
n
701 70
2060- 60
3 50 A 50 -
€ 40 A 40
5 30 - 30{ @ b
%20‘ b b 20 A
£ 10 - T b 10 A b b
8 0' 0' 1
o] ©° 9 °
S > -5 N 9 >
= S s &S FSE S &S $
§ & & ITS § & & TS S
¥ & F ¢ S & ¥ N9
S S 4 YOS & > S §
& & ¥ I & & ¥ N $
¥ % R S

Fig. 9. Percentage of nonfeeding (i.e., dead and moribund) E. servus adults
(Caldwell, TX, 2010) when placed singly in a cup with an insecticide-
treated or nontreated pecan nut 1 or 4 d after treatment (A and B,
respectively). Numbers following treatment names on the x-axis
represent total grams active ingredient per liter. Repeated-measures
analysis of variance was performed on nonfeeding E. servus as
observed at 24 and 48 h after placement of the adult in the cup.
Different letters above columns indicate a significant difference
between treatments (Tukey’s Honestly Significant Difference, P <
0.05).

the laboratory and found that the pyrethroids zeta-cypermethrin, L-cyhalothrin,
cyfluthrin, and fenpropathrin were similarly toxic to E. servus. When these and other
insecticides were applied to soybean (Glycine max [L.] Merr.) in the field, most
treatments had lower numbers of brown stink bugs than the untreated control, but
there was little separation among treatment means up to 7-8 d after application
(Kamminga et al. 2009b). Similarly, Hopkins et al. (2009) showed that insecticides
applied to cotton (Gossypium hirsutum L.) killed more adult E. servus than the
control, but there was no separation between insecticide treatments.

Field studies that record stink bug abundance in treated plots do not account for
the amount of time that adult stink bugs have spent in a plot, nor would dead or
moribund stink bugs that have fallen from the host plant normally be sampled. Thus,
our study attempted to use the benefits of both field and laboratory settings.
Treatments applied in orchard settings were exposed to normal orchard conditions
(i.e., application to the surface of pecan fruits and foliage, sunlight, rainfall, and
dew) but were then taken to the laboratory where mortality, moribundity, and feces
production were examined under constant environmental conditions.

When examining host plant injury, stylet sheaths can be used to determine
feeding activity (Bowling 1979, 1980), but Zeilinger et al. (2015) state that numbers
of sheaths should not be used to infer food consumption or preference by adult E.
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Fig. 10. Percentage of nonfeeding (i.e., dead and moribund) E. servus adults

(Caldwell, TX, 2010) when placed singly in a cup with an insecticide-
treated or nontreated pecan nut 1, 4, or 7 d after treatment (A, B, and
C, respectively). Numbers following treatment names on the x-axis
represent total grams active ingredient per liter. Repeated-measures
analysis of variance was performed on nonfeeding E. servus as
observed at 24, 48, and 72 h after placement of the adult in the cup.
Different letters above columns indicate a significant difference
between treatments (Tukey’s Honestly Significant Difference, P <
0.05).

servus; those authors instead used quantity of feces produced as a proxy for food
consumption. In our study, rating feces production was useful in that it provided
additional information about the different treatments aside from mortality and
moribundity. For instance, when the percentage of nonfeeding stink bugs was

similar for some treatments, this rating showed that consumption was lower when
treated with thiamethoxam -+ A-cyhalothrin than many other treatments. This would
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Fig. 11. Percentage of nonfeeding (i.e., dead and moribund) E. servus adults
(Byron, GA, 2009) when placed in a cylinder cage with a bifenthrin-
treated (0.06 to 0.24 g active ingredient/liter) or nontreated limb
terminal (i.e., foliage and nuts) after 48 h (A) 1, (B) 4, or (C) 7 d after
treatment. Different letters above columns indicate a significant
difference between treatments (Tukey’s Honestly Significant Differ-
ence, P < 0.05).

not have been detected otherwise and can be important, especially for other crops,
for example, peach, that do not have a bifenthrin label.

Our results, when combining field and laboratory conditions, showed that target
pests on labels are not always controlled and that bifenthrin provided overall better
control of E. servus than other insecticides tested. Although other untested
insecticides may perform at a similar level, the information presented here can be
used in pecan orchards and likely in other orchard crops with a bifenthrin label for
management of E. servus.
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