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Abstract
Lygus hesperus (Knight) has been the number one pest of Arizona cotton since
1998. With advances in the selective management of Arizona cotton’s other two
key pests (i.e., Bemisia tabaci and Pectinophora gossypiella), there has been less
opportunity for collateral control of this yield-limiting pest. There has also been
a new premium placed on locating less disruptive, even selective, control methods that are compatible with existing selective technologies. Our laboratory routinely screens candidate compounds for efficacy against Lygus hesperus under
desert conditions. Promising leads are further developed and evaluated in the
field for efficacy, spectrum of activity and safety for beneficial arthropods. Our
recent findings have identified three compounds with potential for delivering economic control of Lygus hesperus with greater safety for beneficial arthropods
than current standards of control. At the same time, our work has importantly
identified many compounds that are ineffective against our Lygus, despite reported success against a related species, the tarnished plant bug, Lygus lineolaris
(e.g., acetamiprid, imidacloprid, indoxacarb, pyrethroids, thiamethoxam).
Flonicamid, a pyridine carboxamide, is under development by FMC in the U.S.
This aphicide has shown excellent results in controlling our Lygus in cotton.
Novaluron, a chitin inhibitor under development by Uniroyal (as Diamond®) in
the U.S., has rate sensitive activity against Lygus in cotton. Metaflumizone
(BAS320I), under development by BASF in the U.S., is a semi-carbazone chemistry with significant efficacy against Lygus hesperus. These three or potentially
other new leads in insecticide discovery may play an important role in transitioning
Arizona cotton growers away from neuro-toxic, broad-spectrum, and disruptive
organophosphates and carbamates currently used to control Lygus in cotton. The
potential benefits to natural enemy conservation should help stabilize insect pest
management in Arizona cotton, thus minimizing the chances of secondary pest
outbreaks and costly pest resurgences. Until selective alternatives are found and
registered, acephate (e.g., Orthene 97 by Valent USA) and oxamyl (Vydate C-LV
by DuPont) remain our standard recommendations for Lygus control in Arizona
cotton.

Introduction
Goal: To enhance the ability of growers to better manage insect pests through the development of
problem-solving research and outreach in cotton insect pest management.
Fundamental to any control system is efficacy. Without effective control measures, pest populations can exceed
economic injury levels and jeopardize producer profitability. Insect pest management has a long history in the development and use of insecticides to assist in the control of pest species. Beginning with the chlorinated hydrocarbons
and as recently as the pyrethroids, most developments in the agrochemical industry have been broad-spectrum in
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nature. That is they often killed the target pest as well as a wide array of other pest and non-pest insects. These offtarget effects were sometimes responsible for subsequent losses associated with secondary pest outbreaks or pest
resurgences (e.g., Henneberry & Naranjo 1998). At the same time, many of these compounds targeted various aspects
of the arthropod nervous system, physiological targets shared with mammalian and other animal systems. Thus, these
advances in pest control did not come without additional risks to human health and the environment.
More recently, agrochemical industry developments have resulted in new physiological targets, many of which are
specific to the arthropod class or an even narrower spectrum of insect pest species. These are welcome additions to
our pest management arsenal and provide for more selective control options that minimize risks associated with the
broad-spectrum practices of the past (i.e., secondary pest outbreaks, pest resurgences, worker safety and environment). The shear diversity of chemistry and physiological targets may also have large benefits in the prevention of
resistance development.
The Arizona cotton IPM program depends on selective and effective control technologies. In particular, the introductions of Bt cotton (Bollgard®; Monsanto) for protection against pink bollworm and insect growth regulators (Knack®
and Courier®; Valent USA and Nichino America) that target whitefly have brought about a great reduction in and
stabilization of the number of insecticide sprays needed to protect our crop. These selective technologies are highly
selective and effective against their respective pest targets, are safe to the environment and humans, and pose little
risk to the natural enemy community, which assists in the long-term suppression of all insect pests. The result has
been a foliar insecticide requirement of less than three sprays on average statewide in Arizona cotton (e.g., in Bt
cotton; Ellsworth & Jones, 2004).
Lygus hesperus (Knight) was once a secondary pest that was coincidentally controlled by numerous broad-spectrum
insecticides, but these recent changes in management have elevated Lygus to key pest status (Ellsworth & Barkley
2001). Of the three key pests of Arizona cotton, Lygus is the only one that requires a broad-spectrum insecticide for
its control whenever densities exceed threshold. Thus, improvements in Lygus management could have a large impact on the continued stability of pest management in Arizona cotton (Ellsworth & Jones, 2001).
As with any consumer, a producer wishes to purchase a product that “works” as intended. Determining the efficacy
and selectivity of a given control technology depends on thorough, scientific testing and experimentation with appropriate controls and replication. Preferably, this research is carried out through rigorous evaluations conducted by an
independent concern. Our laboratory has been investigating the efficacy and role of candidate compounds and other
technologies for control of our three major insects pests of Arizona cotton. For the past ten years, we have been
screening chemistry for its utility in controlling Lygus hesperus in cotton. Through our research we identify use
patterns that are effective: rates, timing, formulation, and thresholds. At the same time, we provide important feedback to the agrochemical industry on the Lygus control potential of early development, pre-commercial, and commercial technologies. In some cases, our laboratory has played a role in stimulating the development of certain chemistries for this specific market (i.e., Arizona cotton). In addition, our laboratory has been dedicated to identifying
compounds that have not proven useful in the control of this pest target. This information is sometimes as important
as knowing what compounds do work.
This paper describes the results of nine site-years of Lygus chemical control data, demonstrating a basis for current
chemical control guidelines and identifying promising new products with potential selectivity in the Arizona cotton
system. In particular, we will establish the Lygus control potential of three new compounds, flonicamid (Carbine®, a
new chemistry by FMC), metaflumizone (BAS320I, a semicarbazone by BASF) and novaluron (Diamond®, a
benzoylurea IGR by Crompton Corporation). Armed with more selective, reduced-risk chemistries, Arizona cotton
growers may soon have the opportunity to produce a high-yielding and high-quality product without the use of broadspectrum insecticides.
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Methods
General Methods
For many years, experiments have been conducted at the University of Arizona Maricopa Agricultural Center (Maricopa,
AZ) to evaluate efficacy of various insecticides (Barkley & Ellsworth 2004; Ellsworth 1998–00; Ellsworth et al.
1998a, 1999). Chemicals were tested on Lygus hesperus using variations in rates, timing or combinations. Each year,
tests were planted with Bt cotton and maintained with selective compounds to avoid the potential confounding impacts from pink bollworm and whitefly pressures. Plot sizes varied little and were consistently around 12 rows by 40
ft (Table 1). Treatments were randomized in a complete block design and replicated four times with an untreated
check (UTC). In many cases, tests were planted late to take advantage of increased late season Lygus populations
relative to the cotton’s fruiting cycle. All treatments were sampled at least weekly taking 20, 25, or 50 sweeps in each
plot with a standard 15-inch sweep net. Captured insects were moved from sweep nets into 8 x 10 inch plastic zip-seal
bags and frozen. Lygus were then separated from other species and counted in a laboratory setting with the use of a
dissecting microscope to distinguish Lygus instars. Prior to 1999, treatments were initiated and re-sprayed when
Lygus densities reached at least 15 total Lygus per 100 sweeps and nymphs were present (Table 1). Since 1999,
currently recommended treatment thresholds were used; at least 15 total Lygus including at least 4 nymphs in 100
sweeps (15:4) (Table 1) (Ellsworth 2000, 2001; Ellsworth & Barkley 2001). Any maintenance sprays for whiteflies
were triggered at 5 adults per leaf, using a standard leaf turn method (Ellsworth et al. 1995). Insecticides were generally applied at ca. 35 psi and at 20 GPA with a broadcast boom, two-nozzles (Twinjet® EVS8003, Teejet, Wheaton, IL)
per row, unless otherwise noted. Delivery of individual compounds was accomplished using an 8-line boom on a John
Deere 6500 tractor custom-modified for research. Insecticides were applied within two days after reaching threshold
depending on sample or other production requirements. A two-row picker was used to harvest the central 4 rows (2, 2row subsamples) from each plot for yield estimates, and sub-samples were taken for quality and turnout estimates by
ginning in a one-third scale research gin.
Studies prior to 1997 established acephate (Orthene® 90S) at 1 lb ai / A as the standard for commercial control of
Lygus hesperus. Thus for this study in all nine site-years of experiments, results were contrasted to our standard Lygus
insecticide (acephate, Orthene 90S prior to 1999 and Orthene 97 thereafter at 1 lb ai / A) as well as to an untreated
check (UTC). Because of the variability in cotton yield potential, localized Lygus densities, and other environmental
variation, a dimensionless expression of yields was developed to facilitate multi-year comparisons. All yield results
are expressed as a percentage of the yield achieved in the acephate standard treatment. The coefficients of variation
were calculated for each treatment and used as a dimensionless presentation of the variation in each treatment for
each test. While two-way ANOVAs with appropriate Dunnett’s contrast to the UTC and orthogonal contrasts (SAS
2000) were conducted for each trial (e.g., see Ellsworth 1998, 1999, 2000; Ellsworth et al. 1998a, 1999; Ellsworth &
Barkley 2001, Barkley & Ellsworth 2004), only the yields, as percentage of the standard ± c.v., are presented graphically. In general and conservatively, when the coefficients of variation of two treatments do not overlap, they may be
considered significantly different from each other. Numbers of small and large Lygus nymphs, and Lygus adults were
subjected to similar analyses for each year (not presented), and in general confirmed the relative efficacy trends
shown in the yield data (e.g., Ellsworth et al. 1998a; Ellsworth & Barkley 2001; Barkley & Ellsworth 2004). Because
of the selective control of pink bollworm and whiteflies with Bt cotton and insect growth regulators (and/or acetamiprid), respectively, and without the presence of any other yield-limiting insect pest, all losses described herein are
assumed to be due to Lygus directly, unless noted otherwise.
All compounds are referred to by their common chemical name. The most common and recent trade names, when
appropriate, are given parenthetically for those insecticides that are marketed for cotton in Arizona.
Year 1997
Two separate tests were planted with NuCOTN 33B (Table 1). One experiment was planted early on 20 March in
plots 12 rows by 33 ft with 6-ft alleys between plots. Treatments included registered compounds: oxamyl (Vydate CLV®), methidathion (Supracide®), imidacloprid (Provado®), and methyl parathion (Penncap M®). All compounds
were tested at high label rates. Applications were made twice for each treatment except for imidacloprid, which
required a third spray. This test was oversprayed with buprofezin (Applaud®=Courier®) on 16 July for selective
whitefly control. A second test was planted almost a month later on 11 April. Plot sizes were similar at 12 rows by 38
ft with 6-ft alleys between plots. Experimental compounds were tested and sprayed on 18 and 29 July and 5 August.
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Two rates of fipronil (Regent®) were tested along with deltamethrin (Decis®), lambda cyhalothrin (Warrior®) and zcypermethrin + endosulfan (Mustang® + Thionex®).
Year 1998
A Lygus efficacy experiment was planted adjacent to a whitefly insecticide trial, where two other Lygus treatments
were located (Table 1). All plots were 12 rows by 36.5 ft with 7-ft skips totaling 12 treatments each. Both tests were
late planted on 1 April with NuCOTN 33B. Sweep samples for Lygus densities and leaf turn samples for whitefly
densities were taken weekly and after each spray in all plots. Chemistries tested include imidacloprid, fipronil, oxamyl
and the combination of z-cypermethrin with endosulfan. Treatments were sprayed on 21 and 28 July, 4, 18, and 26
August. A rotation of acephate followed by oxamyl then fipronil was skipped on 4 and 26 August. Imidacloprid
treatments were sprayed on 30 July and 26 August and only maintained for whiteflies thereafter.
Year 1999
An efficacy trial was late planted on 9 April with NuCOTN 33B (Table 1). Plots sizes measured 12 rows by 34 ft with
7-ft skips between plots. Lygus were counted from 2 sets of 25-sweeps samples per plot taken prior to each spray. All
treatments were sprayed on a weekly schedule from 16 July to 25 August. Oxamyl, fipronil, bifenthrin (Capture®) +
endosulfan, endosulfan, naled (Dibrom®) and dicrotophos (Bidrin®) treatments received a total of 6 applications. The
treatment with endosulfan alone was sprayed at a high rate of 1.5 lb ai / A, and a lower rate of 0.75 lb ai / A was used
in the combination treatment with bifenthrin. A second experiment using the same plot design was planted on 27
April. Clothianidin, novaluron and acetamiprid (Intruder®) were tested in a combination whitefly and Lygus efficacy
trial. All treatments were sampled for whiteflies and Lygus but were only sprayed on threshold for Lygus. Novaluron
was sprayed at two different rates weekly from 26 July through 26 August. Both treatments were sprayed at 40 gpa on
all dates except for the final spray. Both acetamiprid and clothianidin required sprays on 8, 12 and 19 August. Sprays
were skipped on 26 August for these two compounds. In this test acephate was mixed with fenpropathrin (Danitol®)
at 0.2 lb ai / A and served as both the Lygus and the whitefly conventional standard. Because this test was examining
both Lygus and whitefly efficacy, no maintenance sprays were applied.
Year 2002
Experimental compounds were tested for efficacy in plots 12 rows by 40 ft with 5-ft alleys between plots (Table 1).
This test was planted 25 May with DP458B/RR. Treatments of oxamyl, dinotefuran (Venom®), acetamiprid, thiamethoxam (Centric®) and imidacloprid were each applied at various rates under extremely high Lygus pressure. Both
acephate and oxamyl were sprayed on 22 August and 9 September. All other experimental compounds were sprayed
on 15 and 22 August and 4 September. One maintenance spray of buprofezin at 0.35 lb ai / A was applied on 8 August
to this test.
Year 2003
The latest planted efficacy trial was planted on 6 June using DP458B/RR (Table 1). Plots sizes were 12 rows by 33 ft
with 5-ft alleys. Novaluron treatments at two rates were each sprayed on the same schedule. Novaluron, fipronil,
flonicamid (Carbine®) and oxamyl + acetamiprid (Intruder®) were evaluated for efficacy against whitefly, Lygus or
both. Sampling for both whitefly and Lygus was done weekly using standard sampling techniques. A maintenance
spray using pyriproxyfen (Knack®) at 0.054 lb ai / A was necessary on 5 August for all Lygus treatments except
oxamyl and acephate which were protected from whiteflies by their combination with acetamiprid. In this test, the
acephate (Lygus standard) treatment was mixed with acetamiprid and sprayed along with other Lygus treatments. All
Lygus treatments were sprayed on 13, 21 and 28 August and again on 4 and 12 September. Novaluron treatments that
were only evaluated for whiteflies received sprays on 5, 13 and 28 August and again on 4 and 12 September. One
novaluron treatment was tested for duration of efficacy so it was never sprayed after the first application.
Year 2004
A combination Lygus / whitefly efficacy trial was planted on 21 May with DP458B/RR (Table 1). Plots sizes were 12
rows by 33 ft with 5-ft alleys. Varying rates of flonicamid, metaflumizone, fipronil and oxamyl were each sprayed 3
times on 5 and 19 August and again on 2 September. All treatments received two maintenance sprays on 4 August and
10 September with acetamiprid at 0.1 lb ai / A.
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Results
Broad-Spectrum Chemical Controls
Research data from 1997 to 2004 consistently indicate acephate is our most effective registered tool for controlling
Lygus hesperus. The reliability and consistency of acephate has made this compound our best comparison for Lygus
efficacy of other products. Over the years, oxamyl and fipronil treated plots have had significantly higher yields than
the UTC, and both are comparable in performance to acephate. Oxamyl, at its lowest relative yields in 2003, produced
77 ± 20% compared to acephate (at 100 ± 9%) but was as close as 99 ± 5% in 2004 (Fig. 1). Fipronil also performed
well against Lygus by reaching as much as 105 ± 12% of acephate yields (100 ± 8%) in 1999 (Fig. 2). In at least one
case each, repeated acephate or fipronil spray regimes resulted in very high mite populations relative to the UTC or
other effective regimes (i.e., oxamyl).
In two years, the combination of z-cypermethrin and endosulfan did provide some level of control, though yields
were not significantly improved over the UTC (Fig. 3). Z-cypermethrin alone performed poorly, exceeding population levels in the UTC when it reached 125 Lygus per 100 sweeps and suggesting destruction of natural enemies. In
contrast, Lygus populations only reached a high of 25 total Lygus including 6 nymphs per 100 sweeps in the UTC for
1997. Very early planting combined with low levels of Lygus pressure resulted in very high yields across this test
including the UTC. Yields greater than 4 bales per acre were achieved in this year (Table 1). Under these conditions,
only oxamyl or acephate regimes produced yields that were significantly higher than in the UTC (Fig. 1). Endosulfan
was not tested alone in 1997, but in every succeeding year, yields were significantly higher for this regime than in the
UTC when used alone or in a combination (Fig. 7). Several years of yield data indicate that while endosulfan can be
effective against Lygus, results are variable regardless of rate or number of sprays. In 1998, endosulfan (0.75 lbs ai /
A) used alone or in combination with z-cypermethrin or methomyl (Lannate®) resulted in very low yields relative to
the standard; however, the following year at the same rate, endosulfan mixed with bifenthrin produced yields comparable to those found for acephate. Also that year, endosulfan at 1.5 lb ai / A out-yielded the standard, though a portion
of these yield advantages were likely related to better whitefly control because no whitefly maintenance sprays were
made in 1999. In fact, when tested again in 2002 at the same rate, yields were extremely low relative to the standard
(Fig. 4). While endosulfan performance is variable, it continues to yield significantly higher than the UTC and provides for a potential rotational option for Lygus control with the recommended compounds acephate and oxamyl.

Ineffective Chemistry
Organophosphates
Of the organophosphates tested (Fig. 4), yields in the naled and dicrotophos treatments were not significantly different than in the UTC even after six applications. Methyl parathion and methidathion treated plots not only were lower
yielding than the UTC but also had a resurgence of Lygus beginning 11 days after treatment and maintained significantly higher Lygus populations than the UTC season-long. These results were obtained in the site-year with the
lowest seasonal Lygus pressure (Table 1).
Pyrethroids
Pyrethroids tested from 1997 through 1999 did not reduce Lygus populations, and yields were not significantly different than the UTC (Fig. 3). The only pyrethroid treatment that yielded higher than the UTC was z-cypermethrin in
combination with endosulfan; however, in that same test, z-cypermethrin alone did not perform differently from the
UTC and still well below the standard.
Neonicotinoids
With one exception (i.e., clothianidin, Fig. 5), neonicotinoids fail to control Lygus nor enhance yields. The neonicotinoids thiamethoxam, thiacloprid, imidacloprid, dinotefuran and acetamiprid were tested four separate years but
none produced yields significantly different than the UTC, even when sprayed one more time, mixed with a pyrethroid, or 7–8 days in advance of the standard, acephate (Fig. 6). Only clothianidin was effective enough against
Lygus to out-yield the acephate treatment. However, testing of this compound included only one trial, and even then
it was sprayed one time more than the standard (Fig. 5).
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Other Chemistries
Various other chemistries have been tested that show no control of Lygus bugs or enhancements of yield as a result
(data not shown). Some compounds were proprietary in nature and may or may not have been pursued in development. Others have a limited role in cotton pest management. Some of these include pyridaben, methomyl, chlorpyrifos,
aldicarb, pymetrozine, and fenoxycarb.

Potentially Selective & Effective Chemical Controls
Recently developed new chemistries have generally shown efficacy against Lygus hesperus in our trials. Novaluron
sprayed only once at a high rate, when compared to 5 sprays for all remaining treatments, still showed some efficacy
against Lygus (data not shown). Best yields for novaluron regimes were obtained when sprayed at a rate of 0.045 lb
ai / A frequently (3 more times than the standard) and at high carrier volumes (40 GPA) (Fig. 8). A lower rate combination of novaluron at 0.039 lb ai / A mixed with a lower rate of acephate at 0.50 lb ai / A had significantly higher
yields than higher rates of novaluron used alone. Residual activity has been observed for up to 14 days with this
contact insecticide. High rates or repeated uses of novaluron have resulted in higher than expected whitefly numbers
in some cases, indicating the potential for some non-target effects on beneficial arthropods. As an insect growth
regulator that affects chitin formation, it is possible that this product has broader impact on a wide array of insects,
especially when used at very high rates. For example, novaluron has known efficacy on lepidopterans.
Metaflumizone was tested at three rates in 2004. At the higher rates (0.178 or 0.214 lb ai / A), metaflumizone produced yields significantly higher than the UTC (Fig. 9). These yields were numerically lower but similar to the
standard. Nymphal numbers were somewhat higher than expected for the degree of control expressed by this compound. Thus, its mode of action might be interfering with feeding by these nymphs, which then persist in our sample
counts despite contributing little to damage.
Flonicamid regimes have consistently produced high yields relative to the UTC, comparable or even better than the
standard (Fig. 10). Very low nymph counts suggest that this compound is working fairly quickly and lasting for a
period comparable to acephate. Also to be marketed as an aphicide, this product has good translaminar activity.

Photographs
Lygus control and resulting yield preservation can be dramatically depicted in pictures (Fig. 11–14). Despite close
proximity of plots and especially when located adjacent to UTCs or other poorly performing treatments, the yield
advantages of using effective chemistries are readily apparent. These dramatic results also implicate nymphs as the
primary yield-reducing stage of Lygus. Adult numbers were only rarely significantly reduced even in the most effective regimes (e.g., see Barkley & Ellsworth 2004).

Discussion
The greatest damage imposed on cotton by Lygus is to fruiting portions of the plant. Results are lower yields due to
square abortions caused by plant response to feeding, especially by nymphs. Through many years of testing various
compounds, acephate (Orthene®) stands out above others in yield preservation in the face of Lygus pressure. Acephate
has consistently shown very good efficacy towards Lygus nymphs and as a result has produced the highest yields.
Because of the reliability of acephate and our ability to selectively control other key cotton pests (i.e., Bt cotton for
pink bollworm and IGRs for whiteflies), we are able to isolate and measure efficacy and yield preservation of candidate compounds for Lygus control and readily compare results against both an untreated check and the acephate
standards. This isolation of Lygus effects has provided an ideal system for discovering new, less disruptive, more
selective and safer alternatives for Lygus control.
Advances in integrated pest management will likely come in the form of effective and selective control technologies
used sparingly and only as needed. Both economic and environmental constraints demand this type of an approach,
which minimizes off-target impact of agriculture’s control technologies. Further, as has been shown for Arizona
cotton, this approach can successfully reduce the overall foliar insecticide inputs to historically low levels (e.g., just
2.28 sprays on Bt cotton in 2004; Ellsworth & Jones 2004, Williams et al. 2005). The skilled use and deployment of

Arizona Cotton Report (P-1??) May 2005

192

these selective control technologies (i.e., Bt cotton and whitefly IGRs) has revolutionized our ability to capitalize on
the “free” pest control provided by multiple ecological sources (Ellsworth & Martinez-Carrillo 2001; Naranjo et al.
2003, 2004; Naranjo & Ellsworth 2005).
The goal of our work is to enhance the abilities of producers to manage pests effectively. This requires a detailed
knowledge of the pest’s biology and ecology, and the control tactics available to thwart them. In Arizona cotton,
Lygus hesperus remains the only key pest for which effective and selective technologies do not exist. Our independent and careful study of Lygus chemical control options provides information critical to management of what is now
Arizona’s number one yield-limiting cotton pest.
Nine site-years of testing has resulted in a comprehensive understanding of the role that chemical control can play in
the management of Lygus. Chemistry may be viewed as effective or ineffective, and as selective or broad-spectrum.
We wish to help producers transition their Lygus control programs to more selective options in order to further
stabilize our management system by minimizing risks to secondary pest outbreaks, pest resurgences, resistances, and
adverse health effects for handlers and the environment. Such a transition should lead to a fundamental change in the
way agriculture is viewed by others and in how pesticides are considered as partners in IPM.
Selectivity of pest control should be the goal of any good pest manager as for any doctor who recommends a therapeutic drug to combat a specific disease. However, as in the need for broad-spectrum antibiotics to combat complex
infections, there will always be a need and role for insecticidal compounds with broad-spectrums of activity, too. In
this case, acephate (e.g., Orthene 97) has become the standard for Lygus control in Arizona cotton. With its low cost,
versatility of use, and dependable performance, this product remains among our top recommendations for Lygus
control. Similarly, oxamyl (Vydate C-LV) has also performed very well in controlling Lygus and delivering significant yield preservation over the UTC. These two compounds constitute the currently recommended Lygus control
products until other, more selective, options become registered for use. Their use, however, must be carefully considered as they do disrupt beneficial arthropod populations that can be very helpful in the long-term suppression of a
wide variety of potential pests (e.g., Ellsworth et al. 1998b).
Equally important to knowing what works is knowing what does not work. Our studies show a considerable difference in control potential of our recommended products versus ineffective products. In particular, none of the pyrethroids, other organophosphates, carbamates, nor neonicotinoids provided any useful control of Lygus. These compounds simply do not work under our conditions. Pest managers are advised to avoid these compounds when electing
Lygus control products. Much is also made of combining chemistries for enhancement of control. However, in this
case (i.e., for Lygus control), no benefits of mixing these compounds with each other or with the standards ever
produced results superior to the standards alone (Ellsworth et al. 1998a).
Endosulfan is an old chemistry, a cyclodiene, and last remaining member of the chlorinated hydrocarbon family. Its
uses have been curtailed in agriculture including much of the cotton belt, mainly because of ecotoxicological concerns with hazards to fish and aquatic systems. Despite these risks, endosulfan remains an important and flexible tool
in our cotton system. In terms of Lygus efficacy, endosulfan has shown some ability to control bugs and preserve
yields, especially at the highest use rates. However, the responses are variable with or without mixes and as such, this
compound should only be considered as a potential rotational alternative to acephate or oxamyl in the face of very
chronic Lygus populations (i.e., where more than 3 sprays are required season long to control Lygus). Endosulfan has
some safety on the beneficial insect community; however, at the use rates required to get maximal control of Lygus,
destruction of this insect community is likely.
Through our screening program, we have assessed the performance of a number of compounds that while effective
have never reached the marketplace. Fipronil (Regent) is just such a compound with good efficacy against Lygus;
however, U.S. registrations are limited to specialty and soil uses. A foliar label for cotton is unlikely, despite its
availability in Mexican cotton and its use as the standard for mirid control in Australian cotton. Clothianidin is the
lone representative of the neonicotinoid insecticide class that has significant Lygus activity. It, too, however, will
likely be constrained to specialty and soil uses, and never available as a foliar insecticide in cotton. Both of these
compounds have spectra of activity, issues of persistence, and/or risks for off-target effects greater than the following
compounds.
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Three compounds, one in development, one close to registration (due in 2005), and one already registered for use in
Arizona cotton (since 2004), represent our best options for development of an effective and selective Lygus control
agent. Novaluron (Diamond) is a contact IGR that inhibits chitin formation in an array of insects including hemiptera,
homoptera, and lepidoptera. With the rates tested so far (up to the label limit), this compound has shown efficacy
against Lygus nymphs. However, yields for the most part have not been comparable to acephate when used in the
same way. Contact or coverage would appear to be particularly important for this compound’s efficacy. When tested
at double the normal carrier volume (i.e., 40 GPA), better results were possible though even then additional application were also necessary. Some testing leads us to believe that high rates or high frequencies of use may be suppressing some important natural enemies as well. So while this compound is clearly an IGR, its selectivity may be a
function of rate and rates needed to kill Lygus may be impacting some important predators (e.g., predaceous hemiptera
like Geocoris spp.). Switching to lower rates and mixing with lower rates of acephate also produced yields comparable to acephate at its highest rate. However, this mixture may be just as damaging to natural enemies. Further
investigation is needed to help develop a use pattern for novaluron that is both effective and selective in our cotton
system.
Metaflumizone comes from a brand new class of chemistry with no known cross-resistance with existing chemistry.
Developed initially for control of lepidopteran pests yet with a relatively broad spectrum of activity, our recent work
has revealed significant activity against Lygus hesperus. The middle and high rates tested appeared to produce the
most favorable results with yields comparable to our acephate standard. Control of the nymphal stage was seen up to
10–14 days; however, counts were higher than what was expected given the yield preservation observed. This may be
due to feeding inhibition properties of the compound, where nymphs require some latency period before they die.
This could result in higher than expected nymphs, but with disproportionately less damage to the plant. Metaflumizone
works on insects by blocking the sodium channel of the nervous system causing a relaxed paralysis, a condition in
reverse of pyrethroids. This mode of action may be consistent with a cessation of feeding and movement of the
nymphs. Our laboratory will conduct additional tests in 2005 to determine the source of the elevated nymphal counts
relative to expectation and the course of mortality in the field. Registrations of this compound in the U.S. may become
available as soon as 2006 or 2007.
Flonicamid comes from another novel class of chemistry, pyridine-carboxamides. It has significant aphicidal properties; however, our laboratory has clearly demonstrated its excellent efficacy against Lygus hesperus. Activated by
contact or ingestion, feeding cessation is expected very quickly after application with dehydration and death following within 2–5 days. Our studies confirmed its quick action and relatively long residual of ca. 14 days at the high rate.
Of all the compounds examined in the nine site-years of studies, flonicamid is the only treatment regime to have
significantly out-yielded our standard, acephate, albeit in just one test, and with one fewer application. Flonicamid is
different from acephate, however, in that it is more selective, not persistent in the environment and has very low
residual effects. Environmental safety includes low toxicity to mammals, birds, fish and bees (Hancock 2004; Long et
al. 2004). Significant translaminar activity may be enhancing the speed and extent of control.
Lygus chemical control today depends principally on two registered compounds, acephate and oxamyl. Endosulfan
may provide some partial relief from Lygus and offer up some other benefits to growers, but should be considered a
second choice after these first two options. All three represent very old chemistries subject to new restrictions as a
result of FQPA and their potential impact on environmental and human health. Each is broad spectrum in nature,
which carries with it the added risk of natural enemy destruction. Our current system of insect management makes use
of two powerful selective control technologies, Bt cotton and whitefly IGRs. Three new compounds represent the
hope of identifying more selective options for Lygus control. Novaluron, an IGR and currently registered in cotton as
Diamond, may become useful if a use pattern can be found that increases efficacy without reducing selectivity.
Metaflumizone, a semicarbazone, protects yields similar to our standard, but apparently by processes that might be
slower to kill nymphs outright. Its selectivity and/or safety for beneficials and pollinators are reported to be very
good, though further testing in the Arizona cotton system will be necessary. Finally, flonicamid, to be marketed as
early as this year as Carbine in cotton, is another new chemistry that shows outstanding efficacy against Lygus and
may prove with further testing to show a high degree of selectivity in our system.
With these new options in Lygus control, a fully selective pest management program for Arizona cotton may become
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possible where the action of predators and other biotic and abiotic sources of mortality assist in the sustainable
management of a diverse set of pests and potential pests. Given the wide variety of environments under which our
testing is done, producers should have confidence that they have access to independent, accurate, up-to-date, and
scientific assessments of their Lygus control options with broad applicability for Arizona’s cotton system.
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Table 1. Parameters for nine site-years of experiments conducted at the Maricopa Agricultural Center, Maricopa, AZ.
Planting dates ranged from very early to very late. Only Bt cottons were used. No. of acephate sprays (our standard
for all trials @ 1 lb ai / A) varied according to protocol. Most trials initiated and re-treated according to a nominal
threshold, though some tests were intentionally delayed in order to build sufficient Lygus numbers to evaluate. Seasonal mean levels for the standard (acephate) and the untreated check (UTC) were based on 5–9 weekly samples,
depending on the duration of the treated infestation. The maximum mean levels of Lygus hesperus achieved in the
UTC were determined by the maximum number of nymphs per 100 sweeps present.

Year of Test

1997

Planting Date 20-Mar
Cotton Variety D33B

1997

1998

1998

1999

1999

2002

2003

2004

11-Apr

1-Apr

1-Apr

9-Apr

27-Apr

28-May

6-Jun

21-May

D33B

D33B

D33B

D33B

D33B

D458BR D458BR D458BR

5

2

6

2

3

5

3

weekly

15:4

15:4

15:4

15:4

21:2

36:7

51:20

25:5

39:25

No. Acephate Sprays

2

3

Criteria for Sprays*

15:–

15:–

Pre-Test Levels*

13:1

33:10

delayed delayed
1 week 3 weeks
29:18
44:11

18-Jul

21-Jul

7-Aug

19-Jul

5-Aug

8-Aug

13-Aug

5-Aug

Date of 1st Spray 26-Jun
Acephate Mean Levels*

10:4

15:1

14:2

30:10

23:1

45:7

37:7

47:10

30:3

UTC Mean Levels*

17:7

40:20

38:14

49:15

59:20

70:28

89:39

66:23

89:45

UTC Max. Levels*

25:6

69:47

47:24

93:38

67:37

77:53

164:89

81:38

116:92

Acephate Yields**

4.3

3.3

2.4

1.3

2.2

1.1

1.3

0.84

2.4

0.27

0.98

UTC Yields** 3.7
2.7
0.53
0.38
0.83
0.42
0.10
* Lygus levels are expressed as total number of Lygus : total number of nymphs per 100 sweeps
** In 480 lb bales / acre
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Yield (% of Standard)
1997

1998

1999

2002

2003

Yield (% of Standard)
2004

100

100

80

80

60

60

40

40

20

20

0

1997

1997

0.038

0.05

1998

1999

2003

0.05

0.05

0.05

0
1

1

1

1

1

1

Oxamyl

Fipronil

(lbs ai / A)

(lbs ai / A)

Figure 1 (left) and 2 (right). Average lint yields (expressed as % of yield achieved in the standard, acephate @ 1 lb ai
/ A) ± c.v. for oxamyl (Vydate C-LV) and fipronil (Regent). Points indicated by a check mark ( ) represent the lint
yield (as a % of standard) ± c.v. for the untreated check for the associated trial. Blue band indicates the lint yield of the
standard (acephate @ 1 lb ai / A), where the width indicates ± c.v. Rates (numbers above compound names) are
indicated in lbs ai / A. Numbers above bars indicate the year of the trial. Coefficients of variation (c.v.) that are not
overlapping likely indicate a significant difference between the two means. N = 4.

Y

Yield (% of Standard)
1998

1997

1997

1999

1999

+2

+2

1997

1998

1997

**

***

100
80
60
40
20
0

*

0.03
0.03
0.03
0.04
0.04
cyfluthrin deltalambda cyhalothrin
methrin

0.05
0.05
0.05
z-cypermethrin

Pyrethroids

Figure 3. Average lint yields (expressed as % of yield achieved in the standard, acephate @ 1 lb ai / A) ± c.v. for
various pyrethroids (Leverage, Decis, Warrior, Mustang). Points indicated by a check mark ( ) represent the lint
yield (as a % of standard) ± c.v. for the untreated check for the associated trial. Blue band indicates the lint yield of the
standard (acephate @ 1 lb ai / A), where the width indicates ± c.v. Rates (numbers above compound names) are
indicated in lbs ai / A. Numbers above bars indicate the year of the trial. Numbers below bars indicate how many
sprays were made relative to the standard (e.g., +1 denotes 1 more spray was made relative to acephate). Coefficients
of variation (c.v.) that are not overlapping likely indicate a significant difference between the two means. N = 4. *, this
treatment was mixed with imidacloprid @ 0.047 lbs ai / A. **, this treatment was mixed with endosulfan @ 0.75 lbs
ai / A. ***, this treatment was mixed with endosulfan @ 1.0 lbs ai / A.

Y
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Yield
(% of Standard)

Yield (% of Standard)
1997

1997

1999

1999

100
80

100

60

80

40

60

20

40

0

20
0.625
1
0.5
methyl methidathion
dicrotophos
parathion

1
naled

0

+1

0.055

Organophosphates

Clothianidin

Figure 4 (left) and 5 (right). Average lint yields (expressed as % of yield achieved in the standard, acephate @ 1 lb ai
/ A) ± c.v. for various organophosphates (PenncapM, Supracide, Bidrin, Dibrom) and clothianidin, a neonicotinoid
not marketed for foliar use in cotton. Point indicated by a check mark ( ) represents the lint yield (as a % of standard)
± c.v. for the untreated check for the trial. Blue band indicates the lint yield of the standard (acephate @ 1 lb ai / A),
where the width indicates ± c.v. Rate (number above compound names) is indicated in lbs ai / A. Numbers above bars
indicate the year of the trial. Numbers below bars indicate how many sprays were made relative to the standard (e.g.,
+1 denotes 1 more spray was made relative to acephate). Coefficients of variation (c.v.) that are not overlapping likely
indicate a significant difference between the two means. N = 4.

Y

Yield (% of Standard)
1999

2002

2002

2002

2002

2002

1997

1998

2002

1998

1998

2002

2002

+1*

+1*

+1*

+1*

+1*

+1*

+1

+1*

**

w*

w*

+1*

+1*

1998

1998

1999

1998

1998

1997

100
80
60
40
20
0

w

w

0.1 0.1 0.044 0.088 0.132 0.176 0.047 0.047 0.047 0.047 0.047 0.094 0.05 0.067 0.067 0.086 0.089 0.089 0.094
acetamiprid dinotefuran
imidacloprid thiacloprid
thiamethoxam

Neonicotinoids
Figure 6. Average lint yields (expressed as % of yield achieved in the standard, acephate @ 1 lb ai / A) ± c.v. for
various neonicotinoids (Intruder, Venom, Provado, Calypso, Centric). Points indicated by a check mark ( ) represent
the lint yield (as a % of standard) ± c.v. for the untreated check for the associated trial. Blue band indicates the lint
yield of the standard (acephate @ 1 lb ai / A), where the width indicates ± c.v. Rates (numbers above compound
names) are indicated in lbs ai / A. Numbers above bars indicate the year of the trial. Numbers below bars indicate how
many sprays were made relative to the standard (e.g., +1 denotes 1 more spray was made relative to acephate).
Coefficients of variation (c.v.) that are not overlapping likely indicate a significant difference between the two means.
N = 4. *, timing of at least one application of these treatments was 7–8 d in advance of acephate. **, this treatment
was mixed with cyfluthrin @ 0.03 lbs ai / A. ‘w’, this was a whitefly trial with timing for all compounds according to
whitefly densities.
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Yield (% of Standard)
1998

1998

1998

1999

1998

1997

2002

Yield (% of Standard)
1999

100

100

80

80

60

60

40

40

20

20

0

w

*

**

***

0.75 0.75 0.75 0.75 0.75

0

***

1

1.5 1.5

1999

2003

2004

1999

2003

+3**

***

*

+3**

***

2004

2004

0.022 0.025 0.039 0.045 0.05 0.058 0.091

Endosulfan

Novaluron

(lbs ai / A)

(lbs ai / A)

Figure 7 (left) and 8 (right). Average lint yields (expressed as % of yield achieved in the standard, acephate @ 1 lb ai
/ A) ± c.v. for endosulfan (Thionex) and for novaluron (Diamond). Points indicated by a check mark ( ) represent the
lint yield (as a % of standard) ± c.v. for the untreated check for the associated trial. Blue band indicates the lint yield
of the standard (acephate @ 1 lb ai / A), where the width indicates ± c.v. Rates (numbers above compound names) are
indicated in lbs ai / A. Numbers above bars indicate the year of the trial. Numbers below bars indicate how many
sprays were made relative to the standard (e.g., +1 denotes 1 more spray was made relative to acephate). Coefficients
of variation (c.v.) that are not overlapping likely indicate a significant difference between the two means. N = 4. ‘w’,
this was a whitefly trial with timing for all compounds according to whitefly densities. On left (Fig. 7), *, this treatment was mixed with methomyl @ 0.5 lbs ai / A. **, this treatment was mixed with bifenthrin @ 0.08 lbs ai / A. ***,
these treatments were mixed with z-cypermethrin @ 0.05 lbs ai / A. On right (Fig. 8), *, this treatment was mixed with
acephate @ 0.5 lbs ai / A. **, these treatments were applied at a high volume of 40 GPA, 20 GPA higher than the
standard. ***, these treatments were initiated 8 days earlier than the standard.

Y

Yield (% of Standard)
Yield (% of Standard)
2004

2004

2004

100

100

80

80

60

60

40

40

20

20

0

*

*

*

0.143

0.178

0.214

2004

2004

2003

0.063

0.088

0.088

0

-1*

Metaflumizone

Flonicamid

(lbs ai / A)

(lbs ai / A)

Figure 9 (left) and 10 (right). Average lint yields (expressed as % of yield achieved in the standard, acephate @ 1 lb
ai / A) ± c.v. for metaflumizone (BAS320 I) and for flonicamid (Carbine). Points indicated by a check mark ( )
represent the lint yield (as a % of standard) ± c.v. for the untreated check for the associated trial. Blue band indicates
the lint yield of the standard (acephate @ 1 lb ai / A), where the width indicates ± c.v. Rates (numbers above compound names) are indicated in lbs ai / A. Numbers above bars indicate the year of the trial. Numbers below bars
indicate how many sprays were made relative to the standard (e.g., +1 denotes 1 more spray was made relative to
acephate). Coefficients of variation (c.v.) that are not overlapping likely indicate a significant difference between the
two means. N = 4. *, metaflumizone was mixed with an adjuvant, Penetrator+, at 0.5%. *, this flonicamid treatment
was mixed with an adjuvant, R-11, at 0.063%.
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Figure 11. Annotated photograph of the 2004 Lygus chemical efficacy trial taken just prior to harvest. Plot
separations are indicated by dotted lines. “Poor control” represents a plot where an ineffective experimental
compound was used. Values in parentheses represent the rate used in lbs ai / A. Plots are 12 rows wide by 33 ft.
Two rates of flonicamid and oxamyl (Vydate C-LV) each provided excellent control of Lygus hesperus and
preserved yields. Border 93, 04F4L, Maricopa Agricultural Center, Maricopa, AZ.

Figure 12. Annotated photograph of the 2004 Lygus chemical efficacy trial taken just prior to harvest. Plot
separations are indicated by dotted lines. “Glyphosate” represents a plot where a mid-season application (at the
time of initial Lygus treatment) of this compound was used which prevented further fruiting. Values in parentheses
represent the rate used in lbs ai / A. Plots are 12 rows wide by 33 ft. Two rates of metaflumizone (BAS320I) each
provided good control of Lygus hesperus and preserved yields. Acetamiprid (Intruder at a low use rate) provided no
control of Lygus. Border 92, 04F4L, Maricopa Agricultural Center, Maricopa, AZ.

Figure 13. Annotated photograph of the 2004 Lygus chemical efficacy trial taken just prior to harvest. Plot
separations are indicated by dotted lines. “Poor control” represents a plot where an ineffective experimental
compound was used. Values in parentheses represent the rate used in lbs ai / A. Plots are 12 rows wide by 33 ft.
Novaluron provided partial control of Lygus hesperus; flonicamid provided good control at this rate. Acephate (1.0)
(i.e., Orthene 97) served as our Lygus control standards. Border 91, 04F4L, Maricopa Agricultural Center,
Maricopa, AZ.

3 Sprays

0 Sprays

Note height & yield difference
Figure 14. Annotated photograph of the 1998 Lygus control split (part of a large scale whitefly management trial)
taken just prior to harvest (below) and ca. 60 d earlier (above). Split-plot separation is indicated by dotted line. “0
Sprays” represents a split-plot where no sprays were made against Lygus. “3 Sprays” represents a split-plot where
three sprays were made against Lygus hesperus using recommended, registered insecticides (i.e., oxamyl or
acephate, either at 1 lb ai / A, in rotation) according to the recommended threshold (i.e., 15:4). Split-plots were 18
rows wide by 120 ft (only a portion shown). Because Lygus feeding results in aborted fruiting positions, plant
carbohydrates are moved to the growing terminal of the plant causing tall, rank, and barren plants. Yields on the left
were ca. 2.5 bales / A; 0.8 bales / A on the right. 98F28W, Maricopa Agricultural Center, Maricopa, AZ.

