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Abstract

The use of foliar insecticides has historically 
been a common management strategy for lepi-
dopteran pests in cotton, Gossypium hirsutum (L.). 
Bioassays to establish initial toxicity levels and 
surveys of changes in insecticide susceptibility for 
field insect populations are critical components 
of an insecticide resistance management (IRM) 
program. A novel insecticide in the anthranilic 
diamide class, rynaxypyr® (chlorantraniliprole), 
has demonstrated significant levels of toxicity to 
several lepidopteran targets in preliminary field 
screening trials. The objectives of this study were 
to evaluate three bioassay methods (insecticide-
treated diet, topical application, and adult vial 
test) for potential use in future insecticide re-
sistance surveys and to determine the baseline 
toxicity of rynaxypyr® to selected lepidopteran 
pests. Rynaxypyr® was highly toxic to boll-
worm, Helicoverpa zea (Boddie), fall armyworm, 
Spodoptera frugiperda (J.E. Smith), and tobacco 
budworm, Heliothis virescens (F.), in all three 
laboratory bioassay procedures. Larvae of the 
three species demonstrated similar susceptibil-
ity to rynaxypyr® in the insecticide-treated diet 
bioassay with LC50 values ranging from 0.02-0.09 
ppm. Rynaxypyr® susceptibility among the three 
species was also observed in the topical applica-
tion assay with LD50 values ranging from 0.52 to 
1.52 µg/g larval weight. There were no significant 
differences in rynaxypyr® susceptibility between 
the laboratory tobacco budworm (LSU lab TBW, 
1.21 μg/vial) and field-collected fall armyworm 
(Louisiana FAW, 1.71 μg/vial) colonies in the adult 
vial test (AVT). No evidence of rynaxypyr® cross-

resistance was detected in pyrethroid-resistant 
bollworm and tobacco budworm colonies. The 
consistent results generated with the bioassay 
procedures suggest that all methods can be used 
for future rynaxypyr® resistance surveys of these 
target pests.

Historically, insecticide resistance in key 
arthropod pests has been a major concern 

for producers and crop consultants in the cotton, 
Gossypium hirsutum (L.), industry because of the 
heavy reliance on chemical control strategies. There 
has been a continuing need for new insecticide 
molecules in cotton due to target pests’ ability to 
develop resistance. Initial laboratory bioassays to 
determine toxicity of novel insecticides to target pests 
are important. Surveys of field insect populations 
for changes in insecticide susceptibility are also 
an integral component of an insecticide resistance 
management (IRM) program. Geographical 
susceptibility of target pests should be established 
before a novel insecticide compound like rynaxypyr® 
(chlorantraniloprole) is widely used and while the 
frequency of non-susceptible individuals is low 
(ffrench-Constant and Roush, 1990). Establishing 
the initial toxicity of novel insecticides to field and 
laboratory strains of target insects is an important 
historical reference for future monitoring programs.

Lepidopteran pests are the most damaging 
insects of cotton in the United States. In 2007, lepi-
dopteran pests infested 11.5 million acres, caused 
the loss of 245 thousand bales of cotton, and cost 
producers an average of 14 dollars/acre to control 
(Williams, 2008). The primary tools for controlling 
lepidopteran pests in cotton are insecticide sprays 
and the use of transgenic Bacillus thuringiensis 
var. Kurstaki Berliner (Bt) cotton cultivars. Several 
important lepidopteran pests infest cotton in the 
United States including: bollworm, Helicoverpa 
zea (Boddie); tobacco budworm, Heliothis vire-
scens (F.); fall armyworm, Spodoptera frugiperda 
(J. E. Smith); pink bollworm, Pectinophora gos-
sypiella (Saunders); beet armyworm, Spodoptera 
exigua (Hübner); and soybean looper, Pseudoplusia 
includens (Walker). Transgenic Bt cotton varieties 
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(Bollgard®) introduced in 1996 effectively man-
aged key lepidopteran pests such as the tobacco 
budworm and pink bollworm. However, Bollgard® 
has provided inconsistent control of other important 
lepidopteran pests of cotton such as bollworm, fall 
armyworm, beet armyworm, and soybean looper. 
Supplemental applications of insecticide sprays 
have been necessary to control infestations of these 
pests in numerous instances (Stewart et al., 2000; 
Leonard et al., 2003).

Historically, shifts in insecticide susceptibility 
have created insecticide-resistant populations of these 
pests. Resistance to organochlorines, DDT, organo-
phosphates, and carbamates (Sparks, 1981; Elzen et al., 
1992) has been reported in bollworm and tobacco bud-
worm. Pyrethroid resistance has also been reported 
in tobacco budworm (Plapp et al., 1990, Elzen et al., 
1992). A general decrease in pyrethroid susceptibil-
ity of bollworm has been reported in South Carolina 
(Brown et al., 1998), Texas (Pietrantonio et al., 2005), 
Louisiana (Temple et al., 2006; 2008) and in Mid-West 
populations (Hutchison, 2005; Hutchison et al., 2007). 
Fall armyworm resistance to pyrethroids, carbamates, 
and organophosphates has also been reported (Yu, 
1992). The performance of insecticides against these 
pests is important in many cotton production systems, 
especially those using non-Bt cotton cultivars (41% 
of U.S. acreage) and in many other field, fruit, and 
vegetable crops that these pests may infest.

Development of insecticides that act on novel 
biochemical pathways is essential due to the propen-
sity of target pest populations to develop resistance. 
Rynaxypyr® is a novel anthranilic diamide insec-
ticide developed by DuPont Crop Protection and 
recently registered in the United Stated for control of 
a broad range of insect pests (Anonymous 2007 ; Yu, 

2008). This class of insecticides targets the ryanodine 
receptors in muscle cells (Lahm et al., 2005). Activa-
tion of these receptors causes unregulated release of 
internal Ca2+ stores leading to depletion of calcium, 
muscle paralysis, and ultimate death (Cordova et al., 
2007). The symptoms of rynaxypyr® intoxication 
in treated insects include feeding cessation, leth-
argy, paralysis, and regurgitation. Rynaxypyr® has 
demonstrated very low mammalian toxicity and a 
favorable eco-toxicological profile (Cordova et al., 
2006). In addition, Rynaxypyr® has been highly 
efficacious against several lepidopteran species at 
relatively low application rates (Cordova et al., 2006; 
Lahm et al., 2007). The objectives of this study were 
to determine the baseline toxicity of rynaxypyr® 
to three major lepidopteran pests of cotton and to 
evaluate three bioassay methods for potential use 
in future insecticide resistance monitoring surveys.

Materials and Methods

Lepidopteran Target Species. The insect 
colonies for these bioassays included both insecticide-
susceptible laboratory strains and colonies derived 
from field populations. Bollworm colonies were 
established (minimum of 300 larvae collected) from 
several crops and states representing diverse geo-
graphic regions across the United States during 2007 
(Table 1). A Louisiana field collection was made from 
sweet corn, Zea mays L., in 2007 (Louisiana BW), and 
laboratory colonies (LSU Lab BW and DuPont Lab 
BW) originally obtained from Bio-Serv (Frenchtown, 
NJ) and Chesapeake Pearl (Newark, DE) insectaries. 
The LSU BW laboratory colony has been in culture 
since 1998 and is highly susceptible to pyrethroids. 
The tobacco budworm laboratory colony (LSU Lab 

Table 1. Description of insect species, collection site/date, and original host.

Species Colony Name Collection Site Host Date
Heliothis virescens LSU Lab TBW N.E. Louisiana cotton August 1977
Heliothis virescens Louisiana TBW Winnsboro, LA garbanzo beans July 2006
Helicoverpa zea LSU Lab BW Lab Lab Lab
Helicoverpa zea Georgia BW Leary, GA peanut July 2007
Helicoverpa zea North Carolina BW Jamesville, NC field corn July 2007
Helicoverpa zea Virginia BW Eastville, VA field corn July 2007
Helicoverpa zea Delaware BW Georgetown, DE tomato August 2007
Helicoverpa zea Louisiana BW Winnsboro, LA sweet corn August 2007
Helicoverpa zea Chesapeake Pearl BW Lab Lab Lab
Spodoptera frugiperda Louisiana FAW Winnsboro, LA field corn July 2006
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TBW) has been in continuous culture since 1977 and 
is also susceptible to pyrethroids. A field collection of 
pyrethroid-resistant tobacco budworm larvae (Louisi-
ana TBW) was obtained in early August 2007 from a 
garbanzo bean, Cicer arietinum L., field near Winns-
boro, LA. The fall armyworm field colony (Louisiana 
FAW) utilized in these studies was collected from a 
conventional field corn, Zea mays L. hybrid, during 
late July 2006 near Winnsboro, LA. All larvae were 
reared on a laboratory meridic diet (Heliothine Premix, 
Ward’s Natural Science, Rochester, NY). Adults were 
fed a 20% solution of sucrose and water. The colonies 
were maintained at a 14:10 (L:D) photoperiod at 80º 
F with a relative humidity of 70-80%. Field-collected 
insects were allowed to complete 1-2 generations in 
the laboratory before bioassays. The F1 or F2 progeny 
was then exposed to rynaxypyr® in selected bioassays.

Insecticide-Treated Diet. A meridic semi-solid 
diet (Heliothine Premix) was prepared following 
the manufacturer’s suggested protocol. Formulated 
rynaxypyr® (35% wettable granular [WG] DuPont 
Crop Protection, Newark, DE) was dissolved in 
distilled water to create a stock solution of 100 µg/
ml. Serial dilutions of desired concentrations of 
rynaxypyr® were diluted in 40 ml of distilled water. 
Desired concentrations (40 ml) of rynaxypyr® in a 
water solution were mixed with diet to yield 200 ml 
of insecticide-treated diet. The insecticide-treated 
diet was agitated for 30-45 s in a 2 liter bowl using a 
hand mixer to distribute insecticide evenly (Black and 
Decker, Miramar, FL). Insecticide-treated diet (7 ml/
cup) was then placed in 30 ml plastic cups (Solo Cup 
Co., Highland Park, IL). Insecticide concentrations 
ranged from 0.01 parts per million (ppm) to 0.75 ppm 
of diet. The insecticide-treated diet was stored in the 
refrigerator (4°C) and used within 7 d of preparation. 
Three to five replicates (20-50 larvae per concentration) 
were used for each colony. Third instar larvae (20-30 
mg) were utilized in tobacco budworm and bollworm 
bioassays. Third instar larvae (25-35 mg) were also uti-
lized in fall armyworm bioassays. Larvae were placed 
on rynaxypyr®-treated and non-treated (control) diet. 
Insects were evaluated at 96 h after exposure (HAE) 
for mortality. Larvae were considered dead if they 
could not right themselves after being placed on their 
dorsal surface. Data were corrected for control mortal-
ity (Abbott, 1925) and analyzed with probit analysis 
using Polo-Plus (LeOra Software, 2006) to obtain dose 
mortality (LC50 and LC90) values. Non-overlapping 
confidence limits (95%) were used to detect significant 
differences among colonies and species.

Direct Application of Insecticide to Larvae. 
Topical application bioassays generally utilize 
acetone as the solvent/diluent to dissolve techni-
cal grade products, but the insolubility of tech-
nical grade rynaxypyr® (99.2%, DuPont Crop 
Protection, Newark, DE) in acetone required an 
alternative solvent. Rynaxypyr® was dissolved in 
dimethyl sulfoxide (DMSO) and dilutions were 
adjusted to yield the desired insecticide concentra-
tions. A range (0.01µg/µl to 0.75 µg/µl) of doses 
was utilized in this bioassay. One µl of insecticide 
solution was applied to the thoracic dorsum of 
each larva with a Hamilton micro-syringe (Ham-
ilton Co., Reno, NV). Control larvae were treated 
only with 1 µl of DMSO. Three to six replicates 
with 20-50 larvae per dose were used to obtain 
dose mortality values for the target colonies. 
Third instars of tobacco budworm (20-30 mg), 
bollworm (20-30 mg) and fall armyworm (25-35 
mg) were used in the bioassays. Mortality was 
determined at 72 h after treatment (HAT). Larval 
mortality was determined in the same manner as 
in the insecticide-treated diet bioassays. Data were 
corrected and analyzed as previously described to 
obtain dose mortality (LD50 and LD90) values. LD 
values and confidence limits were standardized to 
µg/g larval weight for comparison among species. 
Non-overlapping confidence limits (95%) were 
used to indicate significant differences among 
colonies and species.

Insecticide Residue on Glass. Adult vial test 
(AVT) bioassays similar to those described by Plapp 
et al. (1987) were used to determine the suscepti-
bility of selected lepidopteran adults (moths) to 
rynaxypyr®. Technical grade rynaxypyr® did not 
readily dissolve in several commercial solvents 
including acetone, methanol, or ethanol. Therefore, 
a stock solution of rynaxypyr® was prepared by 
dissolving formulated rynaxypyr® (35% WG, Du-
Pont Crop Protection, Newark, DE) in a solution 
of distilled water (5%) and acetone (95%). Serial 
dilutions were generated from the stock solution to 
yield desired insecticide concentrations. Concen-
trations used in the AVT ranged from 0.1µg/vial 
to 20 µg/vial. The interior surface of 20 ml glass 
scintillation vials was coated with 0.5 ml of the 
appropriate insecticide solution. Uncapped vials 
were then rotated on a modified hot dog roller (Star 
Manufacturing International, St. Louis, MO) (heat-
ing element disconnected) until all acetone/water 
solution evaporated leaving only the insecticide 
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LC90’s for the field and laboratory tobacco budworms 
were 0.03 and 0.22 ppm for the field and 0.02 and 
0.13 ppm for the laboratory strains, respectively 
(Table 2). Susceptibility of all bollworm colonies 
was very similar with LC50 values ranging from 
0.04-0.09 ppm. The LC90 values for the bollworm 
colonies ranged from 0.11-0.34 ppm. The LC50 and 
LC90 values for the Louisiana FAW colony were 0.07 
and 0.21 ppm, respectively. All species exhibited 
similar susceptibility to rynaxypyr® with average 
LC50’s for tobacco budworm, bollworm, and fall 
armyworm of 0.03, 0.06, and 0.07 ppm, respectively.

residue. Vials were stored in a dark environment 
at room temperature until needed for the bioas-
says. Freshly emerged (1-d-old) adults (1 moth/
vial) were placed into insecticide-treated and non-
treated (control) vials. Mortality was determined at 
24 HAE. Moths were considered dead if they were 
incapable of sustained flight for 1 m (Graves et al. 
1988). Four to six replicates (20-50 moths per dose) 
were used for each colony. Data were corrected and 
analyzed as previously described to obtain dose 
mortality (LC50 and LC90) values. Non-overlapping 
confidence limits (95%) were used to indicate 
significant differences among colonies and species.

Cypermethrin susceptibility for several the colo-
nies (LSU lab BW, Louisiana BW 2007, LSU lab 
TBW, and Louisiana TBW) was ascertained using 
AVT testing procedures as previously described by 
Temple et al. (2006) and Plapp et al. (1987).

Results

Insecticide-Treated Diet. An initial experiment 
was conducted on the LSU Lab BW colony to deter-
mine the consistency and repeatability of these proce-
dures. Four replications of this experiment indicated 
that mortality results and slopes of response lines 
were very similar (Figure 1). The LC50’s for LSU 
Lab BW ranged from 0.06-0.09 ppm of treated diet 
among the four replicates. There were no significant 
differences in rynaxypyr® susceptibility between 
the field (Louisiana TBW) and laboratory (LSU Lab 
TBW) strains of tobacco budworm. The LC50’s and 

Table 2. Comparative susceptibility of tobacco budworm, bollworm, and fall armyworm larvae to rynaxypyr® in dose-
mortality curves generated with insecticide-treated diet.

Colony Name Species N LC50z 95%CLz,y LC90z 95%CLz,y Slope χ-square

LSU Lab TBW Tobacco budworm 240 0.02 0.01-0.03 0.13 0.09-0.23 1.52±0.31 2.74

Louisiana TBW Tobacco budworm 215 0.03 0.02-0.04 0.22 0.13-0.51 1.39±0.23 1.94

LSU Lab BW Bollworm 280 0.07 0.05-0.10 0.20 0.13-0.47 2.85±0.31   11.82*

Georgia BW Bollworm 240 0.04 0.03-0.05 0.11 0.08-0.15 3.15±0.41 1.80

North Carolina BW Bollworm 180 0.05 0.04-0.06 0.16 0.12-0.26 2.56±0.36 3.43

Virginia BW Bollworm 240 0.04 0.03-0.05 0.12 0.09-0.17 2.69±0.34 2.90

Delaware BW Bollworm 210 0.09 0.07-0.12 0.34 0.22-0.80 2.23±0.28 4.27

Louisiana BW Bollworm 210 0.06 0.05-0.07 0.17 0.13-0.26 2.83±0.41 3.12

DuPont BW Bollworm 240 0.04 0.03-0.05 0.12 0.09-0.16 2.78±0.35 2.69

Louisiana FAW Fall Armyworm 455 0.07 0.06-0.08 0.21 0.17-0.28 2.61±0.24 3.50
z	PPM
y	Confidence Limits

*	Indicates a significant chi-square value
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Figure 1. Dose-response and slope of the LSU Lab BW 
colony exposed to rynaxypyr® in an insecticide-treated 
diet bioassay.

Direct Application of Insecticide to Larvae. 
This bioassay was first performed on the LSU Lab 
TBW colony to validate the procedures. Mortality re-
sults and slopes of the response lines were very simi-
lar among four replications (Figure 2). The LD50’s 
for the LSU Lab TBW colony ranged from 0.24-0.72 
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µg/g larval weight among the four replicates. There 
were no significant differences in rynaxypyr® sus-
ceptibility between the field and laboratory colonies 
of tobacco budworms. The LD50’s and LD90’s for 
tobacco budworms were 0.68 and 9.64 µg/g larval 
weight for the field (Louisiana TBW) and 0.52 and 
9.16 µg/g larval weight for the laboratory (LSU Lab 
TBW) colonies, respectively (Table 3). Bollworm 
and fall armyworm expressed similar susceptibility 
to rynaxypyr®, with LD50’s and LD90’s of 0.84 and 
6.24 µg/g larval weight for bollworm (LSU Lab 
BW) and 1.43 and 20.11 µg/g larval weight for fall 
armyworm (Louisiana FAW), respectively. All spe-
cies expressed similar susceptibility to rynaxypyr® 
in these bioassays. The laboratory tobacco budworm 
(LSU Lab TBW) colony was slightly more suscep-
tible than the bollworm (LSU Lab BW) and fall 
armyworm (Louisiana FAW) colonies.

Insecticide Residue on Glass. Consistent mor-
tality levels and slopes of the response lines were 
obtained with rynaxypyr® and the Louisiana FAW 
colony in the AVT across four replications (Figure 
3). The LC50’s for the four replicates ranged from 
1.20-2.18 µg/vial for the LSU FAW. There were no 
significant differences between the two species. The 
LC50’s and LC90’s for the Louisiana FAW and LSU 
Lab TBW colonies were 1.71 and 22.48 µg/vial and 
1.21 and 8.67 µg/vial, respectively (Table 4).

Figure 2. Dose-response and slope of the LSU Lab TBW 
colony exposed to rynaxypyr® in a topical bioassay.

Table 3. Comparative susceptibility of tobacco budworm, bollworm, and fall armyworm larvae to rynaxypyr® in dose-
mortality curves generated with topical bioassays.

Colony Species N LD50z 95%CLz LD90z,y 95%CLz,y Slope χ-square

LSU Lab TBW Tobacco budworm 347 0.52 0.28-0.84 9.16 5.80-19.12 1.04±0.16 5.65

Louisiana TBW Tobacco budworm 210 0.68 0.32-1.12 9.64 5.64-26.12 1.12±0.21 5.86

LSU Lab BW Bollworm 270 0.84 0.52-1.16 6.24 4.36-10.84 1.46±0.21 3.91

Louisiana FAW Fall Armyworm 518 1.43 0.90-2.10  20.11 12.93-64.46 1.06±0.11   10.00
z	LD50’s converted to ug/g larval weight
y	Confidence Limits

Table 4. Comparative susceptibility of tobacco budworm and fall armyworm adults to rynaxypyr® in dose-mortality curves 
generated with the adult vial test (AVT).

Colony Species N LC50z 95%CLzy LC90z 95%CLzy Slope χ-square

LSU Lab TBW Tobacco budworm 330 1.21 0.76-1.65 8.67 6.38-13.62 1.50±0.20 2.63

Louisiana FAW Fall Armyworm 191 1.71 1.00-2.53 22.48 12.21-69.05 1.15±0.20 0.68
z	ug/ vial
y	Confidence Limits
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Figure 3. Dose-response and slope of the Louisiana FAW 
colony exposed to rynaxypyr® in the adult vial test (AVT).

Four colonies (LSU Lab BW, Louisiana Boll-
worm, LSU Lab TBW, and Louisiana TBW) ex-
pressed significant differences in susceptibility to 
a pyrethroid, cypermethrin. The laboratory strains, 
LSU Lab BW and LSU Lab TBW, were signifi-
cantly more susceptible to discriminating doses of 
cypermethrin in an AVT when compared to the field 
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strains (Louisiana TBW and Louisiana BW) of both 
species (Figure 4A). No susceptibility differences to 
rynaxypyr® were noted between tobacco budworm 
(field and laboratory) colonies or bollworm (field and 
laboratory) colonies (Figure 4B). The results suggest 
that cross-resistance is unlikely between rynaxypyr® 
and pyrethroids for these species.

has demonstrated significant residual activity, protec-
tion from wash off, resistance to photo-degradation, 
and translaminar movement. In a field evaluating 
Helicoverpa zea control in tomatoes, 100% mortality 
was reported at 18 days after a single foliar applica-
tion of rynaxypyr® (50 g ai/ha) compared to 77, 70, 
and 13% mortality with methoxyfenozide (135g ai/
ha), esfenvalerate (56 g ai/ha), and spinosad (75 g ai/
ha), respectively, (Anonymous, 2007). Rynaxypyr® 
is effective against other lepidopteran species (beet 
armyworm and soybean looper) that are occasional 
U. S. cotton pests (Anonymous, 2007).

Rynaxypyr® could be an excellent option for 
IRM strategies as an additional class of chemistry 
and mode of action for management of lepidopter-
an pests in cotton. The high degree of mammalian 
safety, relatively low use rates compared to stan-
dard insecticides (pyrethroids, organophosphates, 
and carbamates), long residual properties, and 
broad spectrum of activity against lepidopteran 
pests will make rynaxypyr® an excellent control 
option in an overall integrated pest management 
system (Anonymous, 2007). Rynaxypyr® also has 
an excellent environmental profile with low impact 
on fish, birds, and mammals and has demonstrated 
little or no toxicity to common beneficial arthropod 
species such as chrysopidae, coccinellidae, nabidae, 
lygaeidae, and braconidae or pollinators from the 
apidae family (Anonymous, 2007). Rynaxypyr® 
should also be a candidate insecticide for control 
of lepidopteran pests in other row crops and may 
be an excellent option in pest management situa-
tions where standard insecticides no longer provide 
adequate control.

The results of this study show that rynaxypyr® 
exhibits contact (AVT and topical bioassay) and 
ingestion (insecticide-treated diet) toxicity to the 
target insects. In addition, rynaxypyr® has demon-
strated significant activity on adults of these spe-
cies. All three bioassay methods produced usable 
dose-response curves and may be used for survey-
ing changes in the rynaxypyr® susceptibility of 
these target pests. Nevertheless, the bioassay using 
insecticide-treated diet produced tighter confidence 
intervals and steeper slopes and generally a bet-
ter fit of the data to the probit model as indicated 
by the chi-square values. Therefore, insecticide-
treated diet was chosen as the preferred method for 
expanded research and will continue to be recom-
mended in a standard protocol for surveying the 
rynaxypyr® susceptibility of lepidopteran pests.

Figure 4. Bollworm and tobacco budworm (field and 
laboratory colonies) survival to discriminating doses of 
cypermethrin (A) and LC50’s generated with rynaxypyr®-
treated diet (B).
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Discussion

Rynaxypyr® demonstrated very good activity at 
relatively low rates against all three major caterpil-
lar pests of cotton evaluated in this study, including 
tobacco budworm, bollworm, and fall armyworm. In-
secticidal activity of rynaxypyr® in these studies was 
similar to that reported by Lahm et al. (2007) during 
their initial classification of rynaxypyr® toxicity to 
selected lepidopteran targets. In laboratory studies, 
LC50’s for rynaxypyr® (0.1 ppm) were significantly 
lower when compared to two standard insecticides 
indoxacarb (1.5 ppm) and cypermethrin(13.5 ppm) 
in a insecticide-treated diet assay on a laboratory 
colony of tobacco budworm (Anonymous, 2007).

Rynaxypyr® has performed as well as or bet-
ter than the standard insecticides for control of the 
Heliothine complex in cotton field trials (Bachelor 
et al., 2007; Hardke et al., 2008). Rynaxypyr® also 
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Data generated from the present study comprise 
initial efforts in establishing baseline susceptibility 
to rynaxypyr® that can be used as reference points 
for future monitoring programs associated with 
field populations of tobacco budworm, bollworm, 
and fall armyworm. These insects are polyphagous 
and feed on a wide variety of food and fiber crops. 
Current efforts are underway to register this product 
and other diamide chemistry with modes of action 
similar to rynaxypyr in many fruit, vegetable, and 
row crops. Proactive insecticide susceptibility sur-
veys should be established against all target pests 
to sustain the durability and efficacy of rynaxypyr® 
and related products. These results will serve as 
baseline data for detection of changes in rynaxy-
pyr® susceptibility to these insects, regardless of 
commodity or geography.

CONCLUSIONS

The purpose of this study was to evaluate the 
contact (larvae and adults) and ingestion (larvae) 
activity of rynaxypyr® against several economi-
cally important lepidopteran pests of cotton. The 
data from this study indicate that rynaxypyr® 
expresses contact and ingestion activities against 
tobacco budworm, bollworm, and fall armyworm 
at relatively low rates. These data will serve as a 
basis for future studies that monitor changes in 
susceptibility to rynaxypyr® in these pests. This 
novel insecticide should compliment the current 
foliar insecticide products used in conventional 
cotton and as a supplemental insecticide option in 
transgenic cotton cultivars.
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ABBREVIATIONS

IRM (Insecticide Resistance Management), Bt 
(Bacillus thuringiensis), BW (Bollworm), TBW 
(Tobacco Budworm), FAW (Fall Armyworm), L:D 
(Light: Dark) HAE (Hours After Exposure), HAT 
(Hours After Treatment), DMSO (Dimethyl Sulfox-
ide), AVT (Adult Vial Test), LC (Lethal Concentra-
tion), LD (Lethal Dose) PPM (Parts Per Million)
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