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Abstract 
 
Brown stink bug, Euschistus servus (Heteroptera: Pentatomidae), is a recently re-

emerged pest of cotton in Arizona. It has been present in southwestern desert-grown 

cotton since at least the early 1900’s, but dropped from primary pest status in the 

latter half of the twentieth century. Farmers and pest managers did not perceive it as a 

primary or economic pest until 2011, when elevated numbers of brown stink bugs 

were reported in isolated valleys of Arizona and southeastern California. Reports 

increased and became more widespread in the following years. In response to 

increased abundance of brown stink bug and corresponding cotton boll injury, 

research was needed to provide information to cotton farmers. First, pest managers 

needed information on which factors affect the susceptibility of cotton bolls to stink 

bug feeding (chapter 1). Young bolls are most vulnerable to stink bug injury, and 

injury is sustained in the first four days of feeding. In addition, research was needed 

to determine the effects of currently available brown stink bug chemical controls on 

the broader integrated pest management system in Arizona cotton (chapter 2). Current 

chemical control options disrupt natural enemy communities, which results in 

outbreaks and resurgences of other cotton pests. The negative outcomes and 

additional costs outweigh the benefits of brown stink bug management.     
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Introduction 

Cotton in Arizona 

Due to its hot and dry climate, Arizona produces high yielding and high quality 

cotton. From 2000–2016, cotton acreage in Arizona ranged from 42,957–120,394 ha 

annually; the average value of harvested cotton for Arizona was $170,833,829/year in 

that time period (NASS 2017, Ellsworth unpubl. data, Liesner, pers. comm.). Two 

species of cotton are grown in Arizona [(Malvales: Malvaceae) Gossypium hirsutum 

L. “upland cotton” and G. barbadense L. “pima cotton”]. In the years 2014 and 2015, 

67,935 and 42,956 ha were harvested, respectively. In those years, pima cotton 

accounted for 9 and 16% of acreage (Ellsworth unpubl. data). Because pima cotton 

acreage was so low during the years of the studies presented in this thesis, field trials 

and economic analyses are based on upland cotton.  

Stink bug is a re-emerging pest in Arizona cotton  

In isolated valleys of central Arizona and southeastern California in 2011, cotton 

growers and pest managers reported elevated numbers of brown stink bugs, 

Euschistus servus Say, and evidence of injury to cotton bolls. In 2012, reports were 

more widespread, and infestations were reported throughout cotton growing regions 

of Arizona and low-desert regions of California. Prior to this period, brown stink bug 

had been present somewhere in the state’s cotton every season but at extremely low 

densities, and growers and pest managers did not perceive it as a primary or economic 

pest. Based on data gathered at annual “Cotton Pest Losses” surveys from 1992–

2008, members of the Pentatomidae were reported by pest managers as infesting 9–

70% of cotton acres, but only 0–18% of total cotton acreage received insecticide 

sprays targeting all stink bug species. The statewide mean control cost was $0–$2.54 

per acre, and the mean loss was 0–0.15% between 1992 and 2008 (Ellsworth, unpubl. 

data).  

Brown stink bug has been present in Arizona cotton since at least the early twentieth 

century, but was “rarely found in sufficient numbers to require treatment except in 

small areas” (Morrill 1918). It was listed in University of Arizona Cooperative 

Extension publications as a pest of cotton requiring chemical control in the 1950’s 
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and 60’s (Wene and Sheets 1964, Roney and Wene 1966, Roney 1957), but later 

publications do not mention it as a primary pest (Werner et al. 1979).   

More broadly, several stink bug species have been reported as pests of cotton in the 

United States in the first part of the 20th century, but dropped from primary pest status 

in the latter half (Hopkins et al. 2010). Multiple species of stink bug have recently 

reemerged as economic pests of cotton in the southeastern United States, where a 

stink bug pest complex includes southern green, Nezara viridula (L.); green, Chinavia 

hilaris (Say); and brown, Euschistus servus (Say), stink bugs (Herbert et al. 2009, 

Hopkins et al. 2010). Other Euschistus species are also reported in the southeastern 

US, primarily E. quadrator (Herbert et al. 2009). Currently, brown stink bug is the 

only reemerged stink bug species of concern in cotton in the southwestern United 

States. Say’s stink bug, Chlorochroa sayi Stål, is the most common species in 

Arizona agricultural fields, but its feeding does not appear to be as injurious to cotton. 

Thyanta spp. and other Chlorochroa spp. can be a rare management concern in 

Arizona cotton (Cassidy & Barber 1939).   

Stink bug life history and feeding habits 

Brown stink bugs are in the family Pentatomidae, which includes many agricultural 

pests, but also predaceous species. Pentatomidae is one of the four largest families in 

the order Heteroptera. Most are herbivorous; the group includes monophagous and 

polyphagous species. Often, stink bugs feed on the reproductive structures of plants: 

flowers, fruits, and seeds. Brown stink bug is highly polyphagous and feeds on the 

seeds of a variety of both wild and cultivated crops. Its ability to utilize weedy hosts 

likely contributes to its pest status on crops such as cotton, alfalfa, corn, fruits, and 

soybean (McPherson & McPherson 2000).   

Brown stink bug occurs throughout North America. E. servus includes two 

subspecies, E. s. servus (Say), which occurs from the southeastern United States west 

to California and E. s. euschistoides (Vollenhoven), which occurs across Canada and 

the northern part of the United States (McPherson 1982). The subspecies of concern 

in this thesis is E. s. servus (Say). In older publications and resources in Arizona and 

California, E. servus is named as E. impictiventris (Stål), which has since been 
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synonymized with E. servus (Rolston 1974); the brown stink bug was previously 

referred to as the “brown cotton bug” in Arizona. 

Brown stink bugs usually lay their eggs on the under-side of leaves and between 

bracts and bolls. The eggs are barrel-shaped and laid in groups of up to 25–50. They 

begin greenish yellow and change to a straw color with reddish spots as they mature. 

There are 5 nymphal instars; 1st instar nymphs remain near the eggs and are non-

feeding, crawling after the molt to 2nd instar. Nymphs vary in color from grey, brown, 

or green and are difficult to identify to species.  

It has been difficult to verify which plants brown stink bug uses as hosts in the 

Sonoran and Mohave deserts, the low desert areas where cotton is grown in Arizona 

and California. Brown stink bug has been reported on sorghum, alfalfa, wild grasses, 

various weeds (Werner et al. 1979), and small grains in Arizona, but attempts at 

sweepnet and drop cloth sampling do not consistently catch or reveal brown stink 

bugs.  

Sampling techniques for brown stink bugs 

Stink bug infestations are difficult to evaluate with a standard sweepnet because of 

the insects’ cryptic habits. Race (1960) collected 32 times more stink bugs with a 

mechanical suction device as with the conventional sweepnet. Only a few brown stink 

bugs are found resting on the top of cotton plants; most are found lower in the canopy 

in the mid-portions of the plant. Stink bugs are sensitive to disturbances caused by 

light, shadow, and plant movement, and drop from the plant as a sweepnet descends. 

Therefore, sweepnet sampling in cotton may yield small numbers of brown stink bug 

even when the bugs are visually obvious in the field (Wene and Sheets 1964).  

In other cotton growing regions of the United States, most Extension programs have 

developed stink bug action thresholds based on indirect measures such as boll injury 

surveys (Herbert et al. 2009). Work at the University of Georgia and Clemson 

University confirmed the use of the boll sampling approach by comparing stink bug 

numbers caught with sweepnet and drop-cloth sampling to boll samples in cotton. 

Almost 90% of boll samples showed some internal damage, even when stink bugs 
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were recovered in 10% of sweepnet samples and less than 5% of drop-cloth samples 

(Herbert et al. 2009).  

Brown stink bug causes damage by piercing cotton bolls to feed on the seeds inside. 

In young bolls, stink bug feeding can lead to boll abortion, but larger bolls remain on 

the plant (Wene and Sheets 1964, Werner et al. 1979). In retained bolls, stink bug 

feeding can cause warty cellular growth on internal carpel walls, evacuated seeds, 

reduced lint production, stained lint, unopened locules that cannot be harvested, and 

may provide entry routes for boll rot organisms and other microorganisms (Wene and 

Sheets 1964, Werner et al. 1979, Medrano et al. 2007, Medrano et al. 2009). Work 

presented in this thesis attempts to measure stink bug injury to cotton bolls and 

explore the factors that contribute to boll damage dynamics under Arizona conditions. 

In the Southwest, the risk of boll rot is lower than other parts of the US cotton belt 

due to lower humidity. However, there is particular concern about contamination with 

aflatoxin, a carcinogenic toxin produced by Aspergillus flavus, a fungus that may be 

deposited on or in bolls by stink bugs (Russell et al. 1974, Werner et al. 1979). 

Cottonseed is used in livestock feed, and aflatoxin contamination poses health risks to 

animals consuming contaminated feed and humans consuming dairy products. 

Growers and grower cooperatives receive lower prices per ton of seed if cotton gins 

detect aflatoxin contamination. The FDA has established aflatoxin action limits that 

are applied to cottonseed in Arizona. If aflatoxin is detected over set limits, the seed 

cannot be sold for livestock consumption (Arizona Department of Agriculture 2017).  

Insecticides used to manage stink bug 

Stink bugs in cotton are controlled with broad-spectrum foliar insecticides. 

Susceptibility to insecticides varies among species, with brown stink bug among the 

most tolerant. Management recommendations in older University of Arizona 

literature rely on insecticides that are no longer available for use in Arizona or the 

United States, the exception being dicrotophos (Bidrin), and on scheduled insecticide 

applications (Wene and Sheets 1964), which are no longer seen as a responsible 

practice in most IPM programs. In the southeastern United States, the recommended 

insecticides for stink bug control are pyrethroids and organophosphates. The 
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organophosphates dicrotophos and acephate have shown the most efficacy against 

brown stink bug; in most cases, dicrotophos has been shown as the most effective 

(Snodgrass et al. 2005, Greene and Herzog 1999, Greene et al. 2001, Greene and 

Capps 2002a&b, Willrich et al. 2004). Green and southern green stink bugs are 

typically susceptible to pyrethroids (Roberts et al. 2001, Greene and Capps 

2002a&b), but, with the exception of bifenthrin and to a limited extent cyfluthrin, 

pyrethroids are not effective in brown stink bug control (Emfinger et al. 2001, Greene 

et al. 2001, Greene and Capps 2002a&b, Willrich et al. 2004). High rates of 

pyrethroids are necessary for control of brown stink bug in Texas (Hopkins et al. 

2010). Preliminary feeding bioassays and chemical efficacy trials in Arizona show 

lower and more delayed mortality in brown stink bugs when compared with results 

from other parts of the cotton belt (Ellsworth and Brown unpublished data). 

Dicrotophos had not been registered in Arizona since at least the mid-1980s due to 

low demand for the compound. It was registered in 2013 in Arizona.  

Reasons for stink bugs as emerging pests  

The prevailing thought in the South is that the increase in stink bug prevalence is due 

to a loss of coincidental control provided by broad-spectrum insecticides such as 

pyrethroids and organophosphates that were formerly deployed for control 

lepidopteran pests and boll weevil prior to introduction of cotton genetically 

engineered to express Bt proteins and boll weevil eradication (Greene and Herzog 

1999, Leonard et al. 1999, Roberts 1999). The same may be occurring in Arizona 

cotton production, where the use of broad spectrum insecticides has been reduced by 

92% since the mid-1990s due to advances in pink bollworm, whitefly and Lygus 

control (Ellsworth unpublished data, Anonymous 2014). However, selective systems 

of control for pink bollworm and whitefly and western tarnished plant bug have been 

in place since 1996 and 2006 (Naranjo and Ellsworth 2009a&b, 2010), respectively, 

at least 5–6 years before any increases in brown stink bug populations were found in 

Arizona cotton. Many other cropping system (e.g., acreage and distributional changes 

in crop resources), environmental (e.g., climate change), and biological (e.g., biotype 

formation) changes may also be factors responsible for this changed status of brown 

stink bug in Arizona cotton. 
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Other insect pests and the broader integrated pest management system in 

Arizona cotton 

Over the past 30 years, the four main economic pests in Southwestern desert grown 

cotton have been boll weevil [(Coleoptera: Curculionidae) Anthonomous grandis 

grandis Boheman], pink bollworm [(Lepidoptera: Gelechiidae) Pectinophora 

gossypiella Saunders], western tarnished plant bug [(Heteroptera: Miridae) Lygus 

hesperus], and sweetpotato (or silverleaf) whitefly [(Heteroptera: Aleyrodidae) 

Bemisia tabaci Gennadius or Bemisia argentifolii Bellows and Perring]. Through 

comprehensive IPM programs and technological developments, boll weevil and pink 

bollworm have been subjects of eradication programs, broad spectrum insecticide use 

has been drastically reduced, the use of reduced-risk, target-selective insecticide 

increased. Due to these changes, reliance on conservation biological control has 

increased.  

Boll weevil is an invasive cotton pest which arrived in the United States from Central 

America and Mexico in the late 1800s and early 1900s. Infestations in Arizona cotton 

were sporadic until 1978, when outbreaks began to persist every year (ACRPC 2010). 

Infestations established in low desert areas of Arizona and California in the 1980s 

(Smith 1998). The Southwest Boll Weevil Eradication Program began in 1985 and 

expanded in 1988. The program used three main techniques: cultural practices, 

pheromone traps, and chemical treatments (USDA-APHIS 2013). Cultural practices 

include the elimination of perennial cotton cropping (stub cotton), mandatory plow-

down dates and delayed planting dates to create host-free periods. Pheromone traps 

were used to monitor weevil populations; detection of weevils triggered treatment 

with malathion, an organophosphate insecticide. By 1991, reproducing populations 

could not be detected in Arizona (ACRPC 2010). 

Pink bollworm was first detected in Arizona in 1926 and had spread across the state 

by 1965 (Werner et al. 1979, Naranjo and Ellsworth 2010). In Arizona, pink 

bollworm feeds almost exclusively on cotton. Transgenic cotton that produces Bt 

toxin was introduced in 1996 and provides control of pink bollworm larvae 

(Tabashnik et al. 2012). In 2006, a pink bollworm eradication program was 
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implemented, which includes up to 100% Bt cotton plantings [made possible by a 

refuge exemption from the US Environmental Protection Agency via a Special Local 

Needs (SLN, 24c) registration], host-free periods and other cultural controls, mating 

disruption, and season-long releases of sterile pink bollworm moths (Grefenstette et 

al. 2009, Naranjo and Ellsworth 2010, Tabashnik et al. 2012). Pink bollworm boll 

infestation rates dropped by 99.9% from 2005 to 2009, and wild male pink bollworms 

caught in traps in Bt cotton fields decreased by 99.98% in the same time period 

(Tabashnik et al. 2012). Dramatic reductions in pink bollworm abundance paralleled 

a decline in insecticide use. Between 1979, when statewide damage estimates were 

initiated, and 1995, pink bollworm was responsible, on average, for 0.05–4.5% loss in 

cotton yields (1.2–74.8% of insect-related yield losses). The pest accounted for up to 

60% of all insect control costs and $48.5 million in yield loss and control costs 

annually (Ellsworth et al. 2007). Nearly seven insecticide applications per hectare 

were applied on average in 1990, an outbreak year, but the average number of sprays 

decreased to less than one per hectare in 1997 (Naranjo and Ellsworth 2010). By 

using transgenic cotton as part of a comprehensive IPM program, farmers greatly 

reduced insecticide sprays targeting all arthropod pests, including those not killed by 

Bt toxin, saving a cumulative total of $200 million from 1996–2009 (Tabashnik et al. 

2012). There have been no sprays deployed targeting pink bollworm since 2008 

(Naranjo and Ellsworth 2010). 

Bemisia tabaci (biotype A) has been present in Arizona since at least the 1920s. In the 

early 1990’s, an invasive whitefly biotype (biotype B) arrived and quickly displaced 

the A biotype. Clarification on the identification and classification of the whitefly 

species in question is necessary. The whitefly species discussed here, Bemisia tabaci, 

is one of many morphologically indistinguishable ‘biotypes’ that make up a cryptic 

species complex of more than 24 species (De Barro et al. 2011). The whitefly species 

predominant in Arizona agriculture described here has commonly been described as 

the ‘B Biotype’, or B. tabaci MEAM1. Recent work shows that the whitefly holotype 

described over 100 years ago (Gennadius) belongs to the MED biotype (Tay et al. 

2012). The MED biotype was not identified in the Americas until 2004 and the 

species present in Arizona (MEAM1) is probably unrepresented by the description 
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provided for B. tabaci MED. Here, the species in question is referred to as the 

sweetpotato whitefly, Bemisia tabaci MEAM1 (Dinsdale et al. 2010; equivalent to 

Bemisia argentifolii Bellows et al. 1994).  

Whiteflies are phloem feeding, and their honeydew can be deposited on lint, causing 

sticky cotton and the growth of secondary organisms such as sooty mold. Sticky 

cotton damages mill equipment, and discovery of sticky cotton can lead mills to reject 

cotton from regions known as sources (Ellsworth et al. 1999). At high populations, 

whiteflies can be yield-limiting. An outbreak of whiteflies in 1995 was due, in part, to 

resistance to pyrethroids and synergized pyrethroids (Ellsworth 2010). The 

implementation of an IPM plan that empowered growers and pest managers to make 

rational control decisions, introduction of insect growth regulator (IGR) insecticides 

in 1996, and additional reduced risk whitefly control agents in the early 2000s 

stabilized whitefly management (Ellsworth and Martinez-Carrillo 2001, Naranjo and 

Ellsworth 2009a, 2009b, 2010). The comprehensive IPM plan and reduced risk 

whitefly chemistries allowed the preservation of natural enemies, which inflict high 

levels of mortality on whitefly populations when undisrupted by broad-spectrum 

insecticides (Naranjo and Ellsworth 2009b). Recent research (Vandervoet et al. 2014) 

incorporates natural enemy population counts into whitefly management guidelines. 

Lygus hesperus, western tarnished plant bug, is currently the key yield-limiting pest 

in the Arizona cotton system. Western tarnished plant bug feeds on squares (flower 

buds) and flowers and causes the loss of fruiting sites. In 2006, a new IPM plan and a 

selective feeding inhibitor were introduced (Ellsworth and Barkley 2005). The 

selective feeding inhibitor, flonicamid (Carbine™50WG, FMC Corporation, 

Philadelphia, PA) supplanted the organophosphate acephate and the carbamate 

oxamyl as the primary insecticide for western tarnished plant bug management. 

Another selective insecticide, sulfoxaflor (Transform®, Dow AgroSciences, 

Indianapolis, IN) was introduced in 2013, but its use is currently suspended in cotton 

and other crops due to court litigation and US-EPA action. The availability of 

selective insecticides for western tarnished plant bug control further reduces the need 

for broad-spectrum insecticides and lessens disruptions to natural enemy populations.  
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Two-spotted spider mites, mealybugs, and aphids are secondary pests in the system 

and are normally held under control by natural enemy arthropods. If key pests are 

carefully managed and natural enemies are conserved, secondary pests do not usually 

require chemical control. Two-spotted spider mites are the most common secondary 

pest in the system to require chemical control in Arizona cotton. When there is a mite 

outbreak, reduced risk chemistry is available for management.  

Current University of Arizona IPM guidelines consider interactions among control 

tactics of multiple pests and the interconnectedness of the agroecosystem. With 

selective chemistry, sampling procedures, action thresholds, and other 

complementary tactics deployed for key pests, broad-spectrum insecticide use has 

declined dramatically and conservation biological control can be relied upon to buffer 

the system against pest outbreaks and resurgences.  

The emergence of brown stink bug as a potential economic pest threatens to disrupt 

current IPM programs. Any control measures deployed for a given pest affect the 

wider crop ecosystem (Stern et al. 1959, Naranjo and Ellsworth 2009a). Of huge 

concern is that only broad-spectrum insecticides have been shown to control brown 

stink bugs; no reduced-risk chemistries are available. The reintroduction of broad-

spectrum insecticides threatens to disrupt the system and lead to higher management 

costs and lower profits due to resurgences of primary pests, outbreaks of secondary 

pests, and higher insect damage sustained. An additional concern is that insecticides 

that show brown stink bug efficacy in the Southeastern US have not been proven to 

provide adequate control of the insect in Arizona or California. Costs of brown stink 

bug sprays may not be recovered in yield, quality or other economic gains recovered; 

there is no proof that sprays are controlling brown stink bug or preserving yield and 

quality. The additional costs of pest resurgences and secondary outbreaks may 

outweigh any gains from attempting brown stink bug management. As stated in Stern 

et al. (1959), “When chemicals are used, the damage from the pest species must be 

sufficiently great to cover not only the cost of the insecticide treatment but also the 

possible deleterious effects such as the harmful influence of the chemical on the 

ecosystem.”  
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The approach and research 

In response to the recent emergence of brown stink bug as a pest of concern in cotton, 

the authors began by first measuring stink bug feeding injury in boll cage studies 

(Chapter 1). Little was known about the extent of damage caused by stink bug 

feeding in Arizona cotton. Boll cage field studies were used to observe damage 

dynamics; treatments were designed to explore which factors, boll age and length of 

feeding, contribute to and influence boll injury.  

A benefit-cost analysis of brown stink bug management was also needed to determine 

the economic status of this potential pest and whether directed control measures were 

warranted (Chapter 2). We could not perform traditional threshold studies without 

considering deleterious effects on natural enemy communities and cascading effects 

on insect management costs due to disruption of the system by broad-spectrum 

insecticides targeting brown stink bug.  
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Chapter 1. 

Effects of Boll Age and Length of Exposure to Brown Stink Bug, Euschistus 

servus Say (Heteroptera: Pentatomidae), on Cotton Boll Injury 

Lydia M. Brown, Isadora Bordini, Peter C. Ellsworth 

University of Arizona, Maricopa Agricultural Center, Maricopa, AZ  

Abstract 

The brown stink bug, Euschistus servus (Say), is a recently reemerged boll-feeding 

pest of cotton in Arizona, and little is known about how its feeding translates to boll 

damage. As a result, farmers and pest managers do not know how much injury can be 

tolerated before deploying control measures. Adult brown stink bugs were caged on 

individual cotton, Gossypium hirsutum (Linnaeus), bolls in the field to determine 

effects on boll injury and yield. Bugs were caged on bolls of various ages (3, 6, 10, 

and 17 days post-anthesis at infestation) to determine how boll maturity affects 

susceptibility to stink bug feeding. Bugs were also caged on bolls for various time 

periods (4, 7, 10, and 14 days) to investigate how long it takes for feeding to cause 

injury. Injury was measured in both in-season on green bolls contemporaneous with 

the injury and then later in matching cohorts of open, mature bolls at harvest. As bolls 

age, they become less susceptible to brown stink bug feeding. Three and six day old 

infested bolls had high rates of abscission when exposed to brown stink bug feeding. 

In length of exposure experiments, infested bolls sustained more damage than 

uninfested, but most damage did not become worse as time of exposure increased 

beyond 4 days. Pest managers now have a better understanding of brown stink bug 

damage dynamics in the production system, which will be valuable as new 

management guidelines are developed and tested.  

Key Words: Brown stink bug, Euschistus servus, Cotton, Gossypium hirsutum L., 

feeding behavior 

Brown stink bug has been present in Arizona cotton since at least the early twentieth 

century, but was “rarely found in sufficient numbers to require treatment except in 

small areas” (Morrill 1918). It was listed in University of Arizona Cooperative 
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Extension publications as a pest of cotton requiring chemical control in the 1950’s 

and 60’s (Wene and Sheets 1964, Roney and Wene 1966, Roney 1957), but later 

publications do not treat it as a primary pest (Werner et al. 1979).   

Multiple stink bug species have recently reemerged as economic pests of cotton in the 

southeastern United States, where a stink bug pest complex includes southern green, 

Nezara viridula (Linnaeus); green, Chinavia hilaris (Say); and brown, Euschistus 

servus (Say), stink bugs (Herbert et al. 2009, Hopkins et al. 2010). Currently, brown 

stink bug is the only reemerged stink bug species of concern in cotton in the 

southwestern United States though a complex of still minor species, Chlorochroa sayi 

(Stål), Thyanta spp., and other Chlorochroa spp., is present.  

Stink bugs damage cotton by piercing fruit (bolls) to feed on developing seeds. In 

young bolls, stink bug feeding can lead to boll abortion, but larger bolls remain on the 

plant (Wene and Sheets 1964, Werner et al. 1979, Willrich et al. 2004a). In retained 

bolls, stink bug feeding can cause warty cellular growth on internal carpel walls, 

evacuated seeds, reduced lint production, stained lint, unopened locules that cannot be 

harvested, and may provide entry routes for boll rot organisms and other 

microorganisms (Wene and Sheets 1964, Warner et al. 1979, Medrano et al. 2007, 

Medrano et al. 2009).  

Researchers in the Southeast US have investigated which ages of bolls are most 

susceptible to brown stink bug and related species. Researchers have documented 

abortion of young bolls in response to exposure to brown stink bug (Wene and Sheets 

1964, Willrich et al. 2004a). In other studies with E. servus, all infested 3 day old 

bolls abscised (Willrich et al. 2004a). Seedcotton yields are lower in brown stink bug 

infested bolls that have accumulated between 0 and ca. 550 heat units (HU) after 

anthesis (Willrich et al. 2004a, b). Mean weights of bolls that had accumulated >550 

HU (22 d) were not significantly impacted by brown stink bug feeding (Willrich 

2004a). In studies of other phytophagous stink bugs, bolls that had accumulated 559 

and 658 HU (25 and 30 days old) were relatively safe from yield loss to southern 

green stink bugs (Greene et al. 2001). In earlier tests, 21 day old bolls that had 

accumulated >405 HU did not suffer significantly from southern green stink bug 
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feeding (Greene and Herzog 2000). Greene et al. (1999) found that green stink bug 

damage on bolls 18 days and older was negligible. Herbert et al. (2009) suggested 

that there are fewer susceptible bolls that will meaningfully contribute to yield later in 

the bloom period.   

Differences in injury when bolls were exposed to stink bug feeding for various 

lengths of time have also been documented. Injury increases with longer exposures to 

green stink bug, but plateaus at the longest exposure times (Barbour et al 1990).  

External feeding marks are not predictive of the occurrence or severity of internal boll 

damage (Bundy et al. 2000, Willrich et al. 2004b). However, increased sampling 

effort may make external damage an acceptable method for pest managers to make 

reasonably accurate management decisions (Toews et al. 2009). Pest managers prefer 

quicker, easier sampling methods and would prefer to rely on external damage 

because opening bolls to check internal damage is time consuming. Boll sampling 

and examination of internal feeding symptoms is an effective monitoring tool for 

stink bug IPM in the Southeast, and treatment guidelines are based on boll sampling 

protocols (Greene and Herzog 1999, 2000, Bundy et al. 2000, Herbert et al. 2009). z 

In Arizona, it is unclear how brown stink bug injury affects cotton yield and quality. 

Due to differences in climate (mainly humidity) and production between the Desert 

Southwest and the southeastern US, the effects of stink bug feeding may be different. 

In regions where most stink bug studies have been conducted, cotton production is 

rain-fed. Arizona cotton is irrigated, and yield potential is two times higher. The 

objective of this research project was to investigate potential differences in boll age 

and feeding duration on the ability of brown stink bug to cause cotton yield 

reductions. Our goal was to understand factors contributing to boll damage so that 

guidelines for Arizona cotton could be developed in the future. 

 

Materials and Methods  

Cotton planting and establishment 

The study was conducted at the University of Arizona’s Maricopa Agricultural Center 

in Maricopa, AZ in 2014. The soil is a Casa Grande clay loam. A 0.42 ha cotton field 
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was planted with a vacuum planter (Monosem Inc., Edwardsville, KS) on 7 April 

2014 to variety DP1359B2RF (Deltapine®, Monsanto Company, St. Louis, MO) on 

1m beds with 9 cm seed spacing for a target plant population of ca. 100,000 plants per 

hectare. The planted area was 106 m long, with three sets of 12 rows divided by 2 

row spacing. After cotton was established, 1.5 m alleys were cut every 14 m to ease 

access to plants. The cotton variety is glyphosate and glufosinate tolerant and 

expresses Bt proteins that control most lepidopteran pests. General agronomic 

practices for irrigation, fertilization, plant growth regulation, and defoliation were 

followed according to University of Arizona guidelines. The field was managed for 

weeds with pre-plant herbicide and hand-weeding and was sprayed once with 

insecticide to control whiteflies with buprofezin (Courier®, Nichino America, 

Wilmington, DE) approximately one month before experiments began.  

First position white flowers were marked with flagging tape and tagged at the base of 

the branch with bloom date (Figure 1-1). When determining boll ages, days and heat 

units are counted from the date of white flower (anthesis). Heat units were recorded at 

an on-site weather station managed by the Arizona Meteorological Network 

(http://cals.arizona.edu/AZMET/). Heat unit calculations for cotton development in 

Arizona are based on 30/12.8°C (86/55°F) upper/lower development thresholds using 

the single sine curve method and reported in Celsius (Brown 2013).  

 

Figure 1-1. First position white flower marked at base of branch with flowering date. 
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Cage construction and placement 

Boll cage design was based on Greene et al. (1999). Boll cages designed to enclose a 

single boll were constructed from a 236.59 ml polystyrene cup, white knee-high 

nylon hose, and wire twist-ties (Figure 1-2). Bottoms of cups and toes of hose were 

removed, and the cup was inserted into the nylon sleeve. The thickened knee area of 

the knee-highs was at the base of the cup, where the cage was affixed with a wire tie 

around the peduncle at the base of the boll. Originally, cage tops were secured with 

rubber bands, but the rubber degraded in the hot and dry conditions. Tying the hose at 

the top of the cage proved more durable and became standard practice.  

 
Figure 1-2. An example of boll cage construction. Cages were labeled with unique 
numbers which were randomly assigned to treatments. 
Individual cages were labelled with a unique number and were arranged in a 

completely randomized design. Destructive sampling treatments were replicated 10 

times, and non-destructive treatments were replicated 15 times. Prior to boll caging, 

bolls were exposed to the field environment; the period prior to boll caging varied by 

age class of bolls. At cage placement, all wild insects were removed from boll cages. 

Non-destructive treatment bolls remained caged until removal at harvest.  

Stink bug colony 

Brown stink bugs used in the experiments were maintained in a laboratory colony, 

which was originally established from brown stink bug adults collected in Blythe, 

California and from multiple sites in central Arizona. Bugs were housed in BugDorm 

1 rearing cages (BioQuip Products, Rancho Dominguez, CA) and in modified plastic 

jugs (Honeyville Store, Tempe, AZ) (Figure 1-3).  
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Figure 1-3. Stink bug rearing cages made from modified plastic storage jugs. Cage 
entryways were made with knee-high nylon stockings with toes removed, secured to 
top of jug with zip ties. Holes were cut into the sides and covered with screening to 
allow for increased air flow. 

The insect rearing room was maintained at 24–27°C at ambient humidity (25–40%). 

Photophase was 16:8 (L:D) h. Washed organic green beans and moistened soybeans 

were provided consistently, and cotton bolls and alfalfa bouquets were provided as 

supplementary foods when available from local, unsprayed field sites at the Maricopa 

Agricultural Center. Water was provided in florist picks with sterile cotton wicks. 

Cheesecloth was provided as oviposition material, and egg batches were removed 

daily and placed in vented petri dishes on moist filter paper. Second instar nymphs 

were transferred to a nymph cage, and newly emerged adults were moved to adult 

cages.  

Infesting boll cages 

Once cages were placed on bolls in the field, they were infested with brown stink bug 

adults, without regard for age or sex, within 2 hours (Figure 1-4) as assigned by 

treatments. Adult bugs were drawn from the colony and assigned to treatments at 

random. To infest, one worker opened the cage while another dropped the brown 

stink bug from the infesting vial into the boll cage. Cages were reclosed by tying off 

the nylon hose. Cages and bugs were checked during their time in the field: dead bugs 

were replaced and bolls that fell from plants were collected.  
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Figure 1-4. Boll cage infested with a single brown stink bug adult 

Treatments  

Two sets of experiments were conducted starting in August 2014. One experiment 

investigated the relationship of boll age at stink bug infestation with injury sustained. 

Different boll ages were studied: 3, 6, 10 and 17 day old bolls (dob). Heat unit 

accumulations for boll development at the time of infestation were 61.5, 110.1, 171.1, 

and 284.1, respectively. Bolls were caged on the same day; boll ages varied because 

they were from different daily cohorts of flowers. At bug removal four days later, 

bolls had accumulated another 64 HU. Another experiment was designed to measure 

how the length of time stink bugs fed on bolls impacted injury; bugs spent 4, 7, 10, or 

14 d in boll cages. This group of bolls was 7 d post-anthesis and had accumulated 

124.9 HU at time of infestation. When bugs were removed from cages, bolls had 

185.2 HU, 234.1 HU, 275.8 HU, and 332.3 HU since anthesis, respectively.  

In these experiments, boll injury was examined both through destructive 

measurements of green, immature bolls and measurements of mature, open bolls. For 

destructive sampling, bolls remained caged after bug removal and were removed from 

plants 72h later in order to permit boll development after the final bouts of stink bug 

feeding, e.g., for formation of internal warts, which appear within 48h of feeding 

(Bundy et al. 2000). Bolls that were to remain on the plant until maturity remained 

caged until bolls opened and dried and were removed. For boll age experiments that 

were measured as immature, green bolls, each treatment was replicated 10 times. Due 

to abscission of infested bolls, sample size was reduced in some age cohorts: n=1 for 

3 dob, n=4 for 6 dob, n=6 for 10 dob, and n=10 for 17 dob. For bolls collected at 
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maturity, the original sample size for each age cohort was 15, but due to abscission, 

n=0 for 3 dob, n=7 for 6 dob, n=13 for 10 dob, and n=15 for 17 dob. 

Evaluation and analysis of boll injury 

In-season green boll assessments 

So-called “destructive bolls” were removed from plants as green, immature bolls, 

placed in ice chests, and brought into the laboratory for evaluation. This was done 

shortly after the removal of bugs from cages in order to measure contemporary boll 

injury. In the field, bolls were removed at the base of the peduncle with cages still 

intact. The boll cages containing bolls were placed in ice chests for transfer to the lab. 

Indoors, bugs were returned to the colony and bolls were transferred to translucent 

polystyrene soufflé cups which were labeled with boll cage number. Bolls remained 

in a refrigerator until processing (maximum 96h in storage). 

Height (mm), weight (g), volume (ml), uniformity, and diameter (mm) measurements 

and counts of external feeding wounds (dark, circular indentations on the external 

surface of the boll) were recorded before opening bolls. Number of locules (3, 4, or 5) 

was recorded. Then, each boll was opened by hand; bolls were considered injured if 

any distortion of lint, seeds, or carpel walls was evident. Each locule was examined 

and rated individually. Numerical counts of feeding punctures and callous growths 

were not consistent among sample processors, so ratings systems were established for 

estimating injury to locules. All crew members who processed bolls opened practice 

bolls and assigned consensus ratings. These ratings were translated to written 

guidelines with accompanying photographs. During processing, 8”x10” pictures were 

placed around the workspace and each processor had a printed sheet of guidelines 

(Figures 1-5 and 1-6).  
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Figure 1-5. A. Green boll carpel wall rating scale from left to right: 0, No injury, the 
carpel wall is smooth and blemish-free; 1, Minor injury, feeding punctures present but 
not raised; 2, Multiple feeding sites and development of raised callous tissue 
(warting); 3, Raised callous tissue, callous growth overlapping and forming 
“mountain ranges”, brown or necrotic plant tissue. B. Green boll locule (developing 
lint and seed) rating scale from left to right: 0, no damage, the locule is pristine white 
with no seed damage, staining, or dents; 1, very minor damage present on the locule 
and any jelly-like appearance or discoloration on the lint; 2, less than 20% of the 
locule with orange, brown, or yellow staining, seeds unharmed or with tiny pin 
pricks; 3, multiple feeding sites apparent on the locule; staining covering from 20 to 
50% of the locule surface; 1 to 2 seeds collapsed or significantly damaged; brown, 
red, or orange staining; 4, multiple feeding sites covering more than 50% of the locule 
surface, more than 2 seeds collapsed or significantly damaged, brown, grey, green, or 
black staining. 

At harvest boll assessments 

So-called “non-destructive bolls” were removed from plants as mature, opened bolls 

and evaluated in the laboratory. In the field, bolls were checked daily and fully 

mature, open bolls were removed at the base of the peduncle with cages still intact. 

The boll cages containing bolls were placed in plastic bags for transfer to the 

laboratory. Indoors, bolls were stored in boll cages in unsealed bags and allowed to 

dry before processing. As with green bolls, injury ratings systems were established: 

one to rate the severity of injury (Figure 1-6A) and another to rate the “harvestability” 

of each locule (Figure 1-6B). First, seedcotton in each individual locule was weighed 

and then summed for each boll. Number of locules (3, 4, or 5) was recorded. Then, 

each locule was examined and rated individually. Number of feeding sites, 
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presence/absence of fungus, and numbers of undamaged seeds, damaged seeds, and 

motes (remnants of seeds that failed to develop) were recorded.  

Figure 1-6. Ratings scales were established for mature locules. A. Rating guidelines 
for mature bolls: 0, lint completely white and without apparent injury; 1, minor lint 
injury such as yellow or brown spots; 2, injury covering less than 20% of the locule 
surface; 3, injury covering from 20–50% of the locule surface; 4, injury covering 
more than 50% of the locule surface. B. Harvestability rating guidelines for mature 
bolls; 0, lint is fully expanded and will be picked up by cotton picker spindles; 1, lint 
is partially expanded and may be picked up by a mechanical cotton picker; 2, lint is 
not expanded, will not be harvested by a mechanical cotton picker. 

Data analysis 

Data analysis was performed using JMP statistical software (SAS Institute 

Incorporated 2015). Boll retention, injury, and yield loss response variables were 

analyzed by analysis of variance using boll age or length of feeding and infestation 

status as main effects with interactions as explanatory variables. Pre-planned 

orthogonal contrasts were used to compare infested with corresponding controls if the 

interaction of days*infested was significant in the ANOVA. Tukey HSD was used to 

separate means of the significant main effects: boll age or length of feeding when 

interactions were not significant. Due to a large number of aborted bolls in the insect 

exposed 3 dob and 6 dob bolls, the relative power of the analyses will suffer due to 

low replicates that actually completed development. 

Results 
Boll retention 

Bolls that were younger at the time of infestation were less likely to be retained by the 

plant, but duration of feeding had little effect. The proportion of bolls retained was 



31	  	  

significantly less at 3 and 6 dob in infested treatments compared to uninfested 

treatments (F=13.94; df=3, 185; P<0.001; 3dob: t=-8.11; P<0.0001, 6 dob: t=-5.59; 

P<0.0001) (Figure 1-7); however, there were no differences between treatments at 10 

and 17 dob. Regardless of stink bug presence or absence, virtually none of the bolls 

were shed once the bolls reached 17 days after bloom. Length of feeding on the 

individual boll did not increase abscission rates. In length of feeding experiments, 

bolls were 7 days post-anthesis (124.9 HU °C) at the time of infestation. Infested 

bolls were more likely to abscise (F=37.53; df=1, 199; P<0.0001), but the length of 

feeding exposure did not result in more or less abscission.  

 
Figure 1-7. Boll retention rates were lower in the two infested younger boll classes. 
Bolls from both destructive and non-destructive treatments are combined in this chart. 
* Significantly different by orthogonal contrast (P<0.01).  
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Table 1-1. Fruit retention rates, proportion ± SEM. Table includes both destructive 
and non-destructive treatments. Sample size (n) presented in this table includes 10 
bolls per infestation level for green boll destructive treatments and 15 bolls per 
infestation level for open bolls collected at harvest.  
 

Boll Age (d) n Proportion Retained ± SE, 
uninfested 

Proportion Retained ± 
SE, infested 

3 50 0.76±0.06 0.04±0.06 
6 50 0.96±0.06 0.458±0.06 

10 50 0.905±0.07 0.792±0.06 
17 49 1±0.06 1±0.06 

Length of Feeding (d)       
4 49 1±0.07 0.788±0.06 
7 50 0.92±0.07 0.72±0.07 

10 49 1±0.07 0.667±0.07 
14 50 1±0.07 0.56±0.07 

 

 

Boll age experiments 

In-season green boll assessments 

In boll age experiments, there were profound differences between treatments among 

the various measures responses. Green boll size consistently increased with boll age 

F=9.06; df=3, 48; P<0.001, trends for other measurements are identical), regardless of 

infestation status. However, infested bolls were ca. 20% lighter than uninfested bolls 

(F=4.11; df=1, 48; P=0.0481). Higher proportions of 6 and 10 dob contained warts 

than the corresponding controls (t=2.18, P=0.0335; t= 3.73, P=0.0005) (Figure 1-8). 

Bolls infested at 6 and 10 dob received significantly more internal warts than 

corresponding controls (t=2.44, P=0.018; t= 4.92, P<0.0001). Counts of internal 

lesions, which are feeding puncture wounds that did not develop into warts, were 

greater in 17 day old infested compared to 17 dob control bolls (t=0.4, P<0.0001).  

Locule ratings showed similar trends. The average locule rating for green bolls was 

significantly worse in 10 and 17 dob compared to 6 dob (Tukey HSD, P<0.05). 

Infested bolls received higher locule damage ratings than did uninfested bolls 

(F=8.85; df=1, 48, P=0.0046).  
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Infested bolls also contained higher numbers of locules with signs of brown stink bug 

feeding than uninfested bolls (F=9.28; df=1, 48; P=0.0037). Infested 17 dob had more 

affected locules than infested 3 and 6 dob (F=4.64; df=3, 48; P=0.0063; Tukey HSD, 

P<0.05).  

 

 
Figure 1-8. Proportion of bolls with internal warts on carpel walls. Significantly more 
infested bolls had at least one wart compared with uninfested controls (F=5.28; df=1, 
0.76; P=0.026). Bolls infested at 6 and 10 d are more likely to have internal warts 
than uninfested control bolls. * Significant by orthogonal contrast (P<0.03). n=1 for 
infested 3 dob due to abscission losses. 

At harvest boll assessments 

Similar trends were observed in the responses at the end of the season. Bolls that had 

been infested with stink bugs were smaller in mass, 27% lighter, than their 

counterpart controls (F=14.45; df=1, 68; P=0.0003). Bolls that were infested as 6 and 

10 dob had higher proportions of affected locules than their corresponding controls 

(t=5.34; P<0.0001 and t=3.06; P=0.0031) (Figure 1-9). Bolls that were younger at the 

time of infestation were more likely to have significant reductions in harvestability 

compared to corresponding uninfested controls. However, lint harvestability from 17 

dob was unaffected by the stink bug infestation (F=6.66; df=2, 68; P=0.0023).  

Infested bolls had higher numbers of motes (12.9 ± 1.08 motes / boll; remnants of 

small, immature seeds) than uninfested bolls (7.2 ± 0.96 motes / boll) (F=15.5; df=1, 
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68; P=0.0002). Motes can also form in response to Lygus hesperus Knight feeding 

and heat or drought stress at flowering. Infested bolls also contained more damaged 

seeds than uninfested bolls (F=10.77; df=1, 68; P=0.0016). Uninfested bolls had 

higher proportions of good seeds than bolls that were exposed to stink bugs (F=22.43; 

df=1, 68; P<0.0001). In uninfested bolls, 77% of seeds were rated as “good”; in 

infested, 55% of seeds received a “good” rating.  

 

 
Figure 1-9. Proportion of locules injured in open bolls. Significantly more locules 
were injured in infested bolls compared with uninfested controls (F=33.97; df=1, 
3.95; P<0.0001).  Bolls infested at 6 and 10 d had more injured locules than 
uninfested bolls. * Significant by orthogonal contrast (P<0.0031).  n=0 for infested 3 
dob; all bolls had abscised. 
Length of feeding experiments  

In-season green boll assessments 

Bolls that were 7 d of age were exposed to varying durations of stink bug infestation 

in boll cages in the field. Bolls that were exposed to stink bugs were shorter (F=5.6; 

df=1, 54; P=0.0215), had smaller volumes (F=4.57; df=1, 54; P=0.0371), and were 

less uniform at the broadest part of the boll (F=6.48; df=1, 54; P=0.0138) than bolls 

that were not exposed to bugs. Infested bolls weighed ca. 20% less than uninfested 

bolls (F=5.65; df=1, 54; P=0.0210). However, diameters did not vary significantly 

among bolls. 
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Infested bolls had more external lesions than uninfested bolls (F=11.39; df=1, 54; 

P=0.0014). More infested bolls (97%) contained warts compared with uninfested 

bolls (10%) (F=125.42; df=1, 54; P<0.0001). Infested bolls were rated as having 

more severe warting than the uninfested controls (F=178.12; df=1, 54; P<0.0001). 

Longer feeding exposures (10 and 14 days) led to increased numbers of internal 

lesions (F=14.15; df=3, 51; P<0.001). 

Infested bolls had significantly more affected locules (3.12±0.25) than uninfested 

bolls (0.10±0.17) (F=98.11; df=1, 54; P<0.0001). Average locule ratings were 

significantly worse for infested bolls compared with uninfested bolls (F=65.42; df=1, 

54; P<0.0001).  

At harvest boll assessments 

At harvest, seedcotton from infested bolls weighed ca. 50% less than seedcotton of 

uninfested bolls (F=83.61; df=1, 93; P<0.0001). Bolls exposed to stink bug feeding 

had higher proportions of damaged locules (0.90±0.04) than bolls which were not 

exposed to bugs (0.19±0.03) (F=159.11; df=1, 93; P<0.0001). Infested bolls of every 

length of exposure to stink bugs were rated as less harvestable than uninfested bolls 

(F=4.41; df=3, 92; P=0.006).  

Bolls exposed to stink bugs contained significantly more motes (16.8±0.99 

motes/boll) than bolls that were not exposed to bugs (6.3±0.82 motes/boll) (F=66.95; 

df=1, 93; P<0.0001). Uninfested bolls had 60% more good seeds than infested bolls 

did (F=116.20; df=1, 93; P<0.0001).  
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Figure 1-10. Seedcotton weights were significantly lower in infested bolls than in 
uninfested bolls (F=83.61; df=1, 159.15; P<0.0001), however, seedcotton weights did 
not vary significantly among the various lengths of feeding exposure. 
Discussion  

Brown stink bug is a newly emerged pest of cotton in the southwestern US. Little is 

known about the effects of its feeding in desert-grown, irrigated cotton. Pest 

managers need to understand how and when stink bug damage manifests and which 

factors contribute to a cotton boll’s susceptibility to stink bug feeding. This work will 

inform future management guidelines as to which age classes of bolls to sample and 

protect and how quickly action should be taken once stink bugs are present.  

Young bolls (3 and 6 days post-anthesis) infested with stink bugs are more likely to 

be aborted, which results in complete loss of that fruiting site. This is a lost site of 

production, even though cotton is an indeterminate crop and carbohydrates may be 

reallocated to undamaged and future bolls, partially compensating for this loss and 

ultimate yield for the grower. As boll age increased at the time of initial infestation, 

they were less likely to abscise. Bolls that were 10 days old or older at time of 

infestation in this study were retained, regardless of stink bug feeding. Farmers can 

make crop management decisions such as irrigation timing, plant growth regulators, 

and fertilization in order to compensate for periods of poor boll retention. Studies of 

cotton physiology show that final boll retention can go as low as 45% while still 
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maintaining maximum yield potential (Silvertooth 2001a). Knowing that stink bug 

feeding causes young bolls to abscise may lead pest managers to deploy stink bug 

controls if high boll shed is observed. In scouting for stink bug damage, boll shed and 

boll population should be considered. However, abortion of fruit can also occur as a 

result of L. hesperus feeding on flowers or flower buds, or heat stress, with 3–5 d old 

bolls are most susceptible to heat stress (Brown 2008). Bolls found in furrows will 

need to be opened to determine if the boll abscised due to abiotic stress or as a result 

of stink bug or other insect feeding.  

Observations of abscissions and decreased weight at harvest of bolls that were 

infested show that stink bugs are more damaging to young bolls, which supports 

lower thresholds at periods of heavy boll set when the largest number of young bolls 

are present in the field. Cotton is an indeterminate crop that flowers and sets fruit over 

the course of the season. Growth and maturity can be tracked over a “bloom curve” or 

a “fruiting curve”, in which there is a peak of bloom around 1,100 °C (2000 °F) heat 

units after planting (HUAP) (Silvertooth 2001b). The largest number of young, 

susceptible bolls will be present on plants shortly after peak bloom. Because young 

bolls are the most susceptible to brown stink bug damage, control efforts may be most 

important during this period. Research in the Southeast U.S. led to dynamic 

thresholds that recommend more conservative thresholds when the most stink bug 

sensitive bolls are present (Herbert et al. 2009). 

The oldest age class of bolls (17 d) infested displayed many internal lesions but very 

few callous, warty growths. In contrast, younger boll classes infested (6 and 10 dob) 

exhibited injury as warts with very few lesions or punctures that were not associated 

with warts. Warts are the plants’ response to feeding injury. Bolls that are infested 

later in development appear not to develop warts in response to stink bug feeding. We 

see this as an indication that older bolls are less susceptible to stink bug feeding. 

Older boll classes are also less likely to sustain damage in part because lint and seeds 

are further along in growth and development. Cotton bolls in Arizona require ca. 330 

HU C (600 HU F) to reach physiological maturity, the stage at which fiber elongation 

is complete (Brown and Silvertooth 2012). As bolls approach physiological maturity, 

they become less susceptible to stink bug injury. Bolls that are younger when exposed 
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to stink bugs have more developing tissues. Injury to growing carpels results in more 

warting. If developing seeds are damaged, seed growth and lint production will be 

slowed or arrested, leading to more severe injury.  

Bolls that were younger at the time of infestation were more likely to have significant 

reductions in harvestability compared to corresponding uninfested controls, showing 

that bolls with developing seeds and lint are susceptible to damage. Bolls infested as 

17 dob were not significantly different from controls in harvestability ratings, further 

evidence that older bolls are less susceptible to damage. When in-season and harvest 

locule injury are compared, it appears that not all damage had developed in 6 and 10 

dob by the time they were examined as green bolls. 

Motes are small, immature, or severely damaged seeds that fail to grow and produce 

lint. Motes may be caused by incomplete fertilization due to heat stress; unfertilized 

ovules become motes. Motes can also result from brown stink bug feeding and lead to 

reduced seed weight and reduced lint production. Exposure of young, undeveloped 

seeds to stink bug feeding results in increased mote formation. Feeding on middle 

aged, developing seeds will damage seed, reduce or arrest lint production, and may 

affect future germination. Seeds and lint in older bolls are more developed and less 

susceptible to stink bug damage. In future studies, germination tests of seed will be 

valuable. These measures may be especially important in Arizona because many 

growers hold contracts with seed companies.    

In length of feeding exposure experiments, infested bolls showed more damage from 

stink bugs than uninfested bolls, but damage was similar among the various lengths of 

exposure. This shows that injury is sustained in the first 4 days of feeding, but 

plateaus in longer exposures. A previous study showed increasing damage over 

shorter feeding periods (2, 4, 6, 24, 48, and 96 h exposures) (Brown unpublished 

data). 

These two studies clearly show that stink bug feeding leads to abscission of bolls 

under 10 days old and damage to bolls with developing seeds and lint. As bolls 

approach physiological maturity, they become much less susceptible to stink bug 

damage. Here, bolls that had accumulated 284.1 HU °C were insensitive to stink bug 
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feeding. Within the first 4 days of exposure to stink bugs, damage manifested, but 

plateaued in longer feeding exposures.  This information is potentially valuable to 

farmers and pest managers and will help inform future stink bug management 

guidelines.  
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Abstract 

Brown stink bug, Euschistus servus, is an emerging pest of cotton in the desert 

southwest and threatens to disrupt and destabilize well-established cotton IPM 

programs. Experiments were conducted in field plots to document changes in 

arthropod abundance, boll injury, yield and economics as a result of broad spectrum 

insecticide applications. Both pest and natural enemy abundance were documented. 

Data show that applying broad-spectrum organophosphate or pyrethroid insecticides, 

insecticide classes that show efficacy for brown stink bug, increased production costs 

with minimum benefit. While broad-spectrum insecticide applications provided 

coincidental control of Lygus hesperus Knight (Heteroptera: Miridae) and diluted 

observed brown stink bug damage, those benefits were lost when extra costs 

associated with pest resurgences were considered. With current chemical control 

options for brown stink bug in the desert southwest, spraying to control stink bugs 

costs more than it saves in cotton yield or quality. These data suggest that boll 

populations should be measured in order to better measure and understand brown 

stink bug damage potential in cotton. 
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Introduction  

Major developments in pest management technology and integrated pest management 

(IPM) strategies have combined to create a stable arthropod pest management system 

in the Arizona cotton industry over the past 25–30 years. Because of successful 

eradication programs for boll weevil [(Coleoptera: Curculionidae) Anthonomous 

grandis grandis Boheman] and pink bollworm [(Lepidoptera: Gelechiidae) 

Pectinophora gossypiella Saunders], only two key pests remain: western tarnished 

plant bug [(Heteroptera: Miridae) Lygus hesperus Knight] and sweetpotato whitefly 

[(Heteroptera: Aleyrodidae) Bemisia tabaci Gennadius MEAM1 or Bemisia 

argentifolii Bellows and Perring]. Transgenic cotton, cultural controls, and sampling 

protocols and action thresholds coupled with reduced-risk insecticides contribute to a 

fully integrated IPM program that incorporates conservation biological control 

(Naranjo and Ellsworth 2009, 2010). Conservation biological control provides 

complementary control of primary and secondary pests and prevents pest resurgences 

and outbreaks. However, the brown stink bug, (Heteroptera: Pentatomidae) 

Euschistus servus servus Say, populations have recently increased in Arizona cotton. 

The limited current chemical control options for stink bugs threaten to disrupt and 

destabilize well-established cotton IPM programs. 

In the southeastern US, a complex of stink bug pests often requires broad-spectrum 

insecticide applications to mitigate cotton yield and fiber quality losses to stink bugs 

(Herbert et al. 2009). Studies from the Southeast show that broad-spectrum 

organophosphates and pyrethroids (to a limited extent and at high rates) are the only 

chemical options available to control brown stink bug (Emfinger et al. 2001, Greene 

et al. 2001, Greene and Capps 2002a&b, Willrich et al. 2004, Ellsworth et al. 2012a, 

Ellsworth and Brown 2012b). The efficacy of these chemicals is still in question in 

for Arizona, though initial testing showed limited efficacy of acephate, dicrotophos 

and bifenthrin (Ellsworth and Brown, unpubl. data). If broad-spectrum sprays fail to 

significantly reduce losses to brown stink bug, money would be wasted on these 

treatments. Moreover, harm from these treatments to natural enemy communities that 

provide control of our other key pests could further erode any economic value of 

insecticide treatments deployed for brown stink bug control.   
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Because there are currently no selective insecticide options for brown stink bug, 

management guidelines cannot be developed without considering the collateral 

impacts of brown stink bug control actions on natural enemy populations, other 

primary and secondary pests, and overall insecticide use (a systems approach to IPM). 

Broad-spectrum insecticides for brown stink bug could harm natural enemy 

populations and result in a cascade of negative outcomes: secondary pest outbreaks of 

mites, mealybugs, or aphids; pest resurgences of sweetpotato whiteflies or western 

tarnished plant bug; net higher chemical control costs; and higher yield or quality 

losses resulting from these pest resurgences and outbreaks. In this way, these other 

pests may become more damaging or costly to control, possibly causing more loss 

than the original brown stink bug problem. Increased control costs for other pests or 

pest-related losses may outweigh any benefit of spraying for stink bugs. In this study, 

we observed the effects of candidate chemical controls of stink bugs on feeding 

injury, densities of pests and beneficial arthropods, management costs, and overall 

profits. 

Materials and Methods 

A field trial was planted on 15 April 2015 at the University of Arizona’s Maricopa 

Agricultural Center in Maricopa, AZ. Upland cotton, Gossypium hirsutum L., variety 

DP1359B2RF (Deltapine®, Monsanto Company, St. Louis, MO) was planted with a 

vacuum planter (Monosem Inc., Edwardsville, KS) on 1 m beds with 9 cm (39/16 inch) 

seed spacing for a target plant population of ca. 100,000 plants per hectare, typical for 

the region. The transgenic variety is tolerant to glyphosate herbicide and resistant to 

lepidopteran feeding due to the presence of Cry1Ac and CryIIAb Bt protein 

expression.  

The trial was a whole-split plot randomized complete block design replicated 6 times. 

Once cotton was established, alleys were cut; 1.82 m alleys to divide whole plots and 

0.91 m alleys between split plots. Split plots were 11.58 m by 12 rows on 1 m spacing 

with two row skips between plots. The spatial arrangement of split plots formed a 2 X 

2 nearly square whole plot of 24 X 26 m or 0.062 ha per whole plot. Previous studies 

have shown plot effects for western tarnished plant bug and sweetpotato whitefly in 
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plots as small as 0.015 ha square (Ellsworth and Naranjo, pers. comm.), but due to 

uncertainty about plot effects with respect to brown stink bug, we quadrupled whole 

plot size. The larger contiguous plots were hypothesized to provide better, more 

consistent data on natural enemy populations. 

Whole plots were assigned to one of three chemical insecticides for targeting brown 

stink bug: acephate (Orthene® 97, AMVAC Chemical Corporation, Los Angeles, 

CA), dicrotophos (Bidrin® 8, AMVAC Chemical Corporation, Los Angeles, CA), 

bifenthrin (Fanfare® 2EC, Makhteshim Agan of North America, Raleigh, NC), and an 

untreated check. Split plots were assigned to one of three primary pest treatments 

targeting: only sweetpotato whitefly, only western tarnished plant bug, or both key 

pests (western tarnished plant bug and sweetpotato whitefly), each only at threshold, 

or no primary pest control (untreated control).  

Each plot received supplemental sprays targeting secondary pests such as mites as 

needed. Secondary pests were controlled chemically regardless of assigned treatment; 

secondary pest populations were averaged over all 6 whole plots when making spray 

decisions. Chemical insecticides targeting pests other than brown stink bug were 

reduced risk and target-specific (i.e., “selective” sensu Ellsworth et al. 2006) and 

were selected based on field sampling and University of Arizona recommendations 

(Ellsworth et al. 2006, Ellsworth 2010, Ellsworth et al. 2012c). Selective insecticides 

targeting Lygus hesperus (WTPB) were flonicamid (Carbine™50WG, FMC 

Corporation, Philadelphia, PA) and sulfoxaflor (Transform®WG, Dow AgroSciences 

LLC, Indianapolis, IN); insecticides targeting Bemisia tabaci (sweetpotato whitefly) 

were the fully selective pyriproxifen (Knack® insect Growth Regulator, Valent 

U.S.A. Corporation, Walnut Creek, CA) and the partially selective acetamiprid 

(Intruder®70 WSP, Gowan Company, Yuma, AZ); finally, the selective miticide 

targeting the secondary pest Tetranychus urticae (two-spotted spider mites) was 

etoxazole (Zeal®, Valent U.S.A. Corporation, Walnut Creek, CA).  

Whole plots received brown stink bug insecticides when boll injury rates (indirect 

measure) reached threshold. Boll injury thresholds were determined based on plant 

development, as measured by the number of mainstem nodes above the highest 

sympodial branch with a flower on the first node (NAWF) (Oosterhuis et al. 1993) 
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and heat units after planting (HUAP) and were modified from dynamic thresholds 

developed in the southeastern United States (Bacheler et al. 2010) (Table 2-1).  

 
Table 2-1. Brown stink bug treatment thresholds were estimated based on percent 
boll injury dynamically applied according to plant maturity, as measured by nodes 
above white flower (NAWF) and heat units after planting (HUAP). Thresholds were 
modified from Bacheler et al. (2010), using plant growth and maturity measurements 
for cotton grown under irrigated Arizona conditions. 

* Due to concern that brown stink bug would not be present in the field in 2015, we 
applied a sham spray even though boll injury levels were 3%. 
Insect populations were sampled in each split plot at least once per week; however, 

measurements were taken more frequently when nearing threshold. Sampling dates 

were converted to week of year in order to simplify data comparisons among insects. 

Stink bug injury was measured indirectly with a sample of 2.5 cm diameter, soft bolls 

(Bacheler et al. 2010). Boll injury was recorded by opening bolls and examining for 

symptoms of stink bug feeding. Boll injury was expressed as a percentage or 

proportion of injured bolls per sample. Any evidence of internal feeding such as 

carpel warts or seed / fiber staining resulted in that boll being counted as injured. 

Adult and juvenile sweetpotato whiteflies were sampled at least weekly with leaf 

inspections in the field and leaf disk inspections in the laboratory, and control 

decisions were made based on established guidelines and incorporated natural enemy 

population counts (Ellsworth et al. 2006, 2012c, Vandervoet et al. 2014). Populations 

Date NAWF HUAP (86°F/55°F 
thresholds) 

BSB Injury Threshold 
(%) 

17-Jun 8.3 1215 N/A 
11-Jul 6.3 1906 20* 
22-Jul 4.6 2219 20 
28-Jul 6 2397 20 
6-Aug 5.4 2660 35 

11-Aug 4.3 2800 50 
19-Aug 4.5 3038 50 
26-Aug 3.6 3243 60 
2-Sep 3.4 3444 60 
8-Sep 4 3607 100 
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of western tarnished plant bug (WTPB) and natural enemies were sampled using a 

standard sweepnet (25 sweeps/split plot). WTPB control decisions were made and 

management was terminated based on established guidelines (Ellsworth and Brown 

2012a, Ellsworth 2010, Ellsworth et al. 2012b). The outer two rows of cotton were 

maintained as border or guard rows. All samples were taken from rows 3, 4, 9, and 

10. The central 4 rows (rows 5–8) were reserved for harvest. 

After defoliation, cotton was harvested with a two-row mechanical spindle picker. 

Cotton was bagged by plot as the picker moved through the field. Each individual 

plot required two passes to harvest the four center rows. At the end of each run, each 

bag was weighed and a smaller sample was retained from each bag for ginning. Two 

subsamples for each plot were individually ginned on-site at the Maricopa 

Agricultural Center micro-gin. From ginning, we measured lint and seed weights and 

determined percent turnout, percent seed, and percent trash. Turnout is the weight 

ratio of lint to seedcotton; plot specific turnouts are used to calculate lint yield from 

the original seedcotton harvest weights. Yields were also expressed in pounds of 

seedcotton and bales per acre. Lint prices were estimated using the USDA base loan 

value price of 52 cents/lb (USDA-FSA 2015) and multiplied by the lint yield to 

obtain the value for a given treatment. We also selected 6 other lint prices for 

sensitivity analyses. For the selection of prices, we began with a cotton value based 

on the midpoint price of 59.5¢/lb and a loan deficiency payment rate of 4¢/lb, which 

is 63.5¢/lb cotton lint (Frisvold, pers. comm.). We added 62¢ and 65¢, which are 

63.5±1.5 cents. We also ran analysis with 75¢, 80¢, and $1/lb lint values. Seed value 

was not included in these economic analyses. 

We retained ginned samples and sent lint and seed for quality and mycotoxin analysis 

at commercial and research laboratories [high volume input (HVI) analysis at the 

USDA Cotton Classing Office, Visalia, CA and the Fiber and Biopolymer Research 

Institute, Texas Tech University, Lubbock, TX; aflatoxin testing at USDA-ARS-

SRRC, New Orleans, LA and Walker Ag Lab LLC, Casa Grande, AZ]. Premiums and 

discounts, determined by HVI quality analysis, were added to all prices before 

analysis.  
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Net output value was calculated by subtracting insecticide and miticide chemical and 

application costs from the value of cotton lint (both in $/A). Value of harvested cotton 

by whole and split plot was calculated by subtracting out costs of pest control and the 

value of the untreated controls. Insecticides and application costs were based on 

multiple quotes from local chemical salespeople and data from annual Cotton Pest 

Losses surveys (Ellsworth et al. 2007).  

Data were transformed as needed to achieve normality and stabilize variances and 

analyzed with JMP (SAS Institute Incorporated 2015) statistical software. Mixed 

model analyses of variance (ANOVA) were performed for data on insect populations 

and boll injury seasonal means and means by week of year where appropriate. Tukey 

HSD was used to examine trends in main effects: whole and split plots. Pre-planned 

orthogonal contrasts to appropriate controls were when interactions were significant. 

Principal Response Curves (PRC) were generated with or Canoco 5 (Ter Braak and 

Šmilauer 2012) to examine community trends in non-target effects of whole plot and 

split plot regimes.  

Results 

Brown stink bugs & boll injury 

Brown stink bug activity in-season was measured indirectly by examining internal 

boll injury, which requires destructive sampling. Examination of all post-spray boll 

sampling weeks (Week of Year, WOY 29–37), shows that all factors were significant 

for proportion bolls injured (Table 2-2a, 2-2b). In whole-plots, the seasonal means of 

the proportion of injured bolls in acephate and dicrotophos whole plots were 

significantly less than the control (Figure 2-1). In split plots receiving sprays for 

WTPB, seasonal means of the proportion boll injury were significantly lower than 

split plots not receiving WTPB control (Tukey HSD) (Figure 2-1). 
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Table 2-2a. ANOVA table for proportion of bolls injured. All source effects were 
significant.  

 
 

 

 

 

 

 

 

 
Figure 2-1. Mean proportion of injured bolls by whole plot (left) and split plot 
(right). Samples included in the analysis were all post-initial treatment, or sampling 
weeks of year 29–37 (7/14/15–9/8/15). Levels not connected by the same letter are 
significantly different (Tukey HSD, P<0.05). UT for BSB denotes untreated for 
brown stink bug. +L denotes split plots that received WTPB (L) specific insecticides 
as needed; +W denotes split plots that received sweetpotato whitefly (W) specific 
insecticides as needed; UU, received no insecticides for the two primary pests, WTPB 
or whiteflies. 
 
Boll injury rose and fell over time; to simplify interpretation, we elected to re-analyze 

the data by week (Table 2-2b). In early weeks, there were no significant treatment 

effects. In week 31, whole plot effects were significant, but split plot and interaction 

effects are not (Table 2-2b). Then in weeks 32–34, all treatment effects are 

significant. In week 35, only split plot effects are significant. In weeks 36 and 37, 

interactions were significant, and whole plot effects were significant in week 36. For 

some sampling weeks, the proportion of boll injury was significantly different among 

split plot treatments (Figure 2-2).   

Source DF DFDen F Ratio Prob > F 
Whole Plot 3 19.1 10.05 0.0003 
Split Plot 3 15.7 15.53 0.0001 
Week of Year 8 41.3 30.09 0.0000 
Whole Plot*Split Plot 9 45.3 1.84 0.0868 
Whole Plot*Week of Year 24 120.5 2.40 0.0010 
Split Plot*Week of Year 24 120.1 4.93 0.0001 
Whole Plot*Split Plot*Week of Year 72 360.8 1.59 0.0034 
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Figure 2-2. Mean boll injury by sampling week within split plots. Grey dashed line 
marks the dynamic boll injury threshold used for whole plot sprays in this study 
(Table 2-1). *, one or more split plot treatments are significantly different from the 
untreated check split plot by Tukey HSD: 8 August, +L (WTPB); 11 August, +L and 
+L+W (WTPB and sweetpotato whitefly); 18 August, +L and +L+W. 

  
Figure 2-3. Proportion of bolls injured in the split plots within the bifenthrin whole 
plots over the course of the season. Grey dashed line marks the dynamic boll injury 
threshold used for whole plot sprays in this study. Arrows indicate when bifenthrin 
whole plot sprays were applied. * one or more treatment means are significantly 
different from the check split plot (U) by orthogonal contrast (P < 0.05): 6 August +L, 
11 August +L+W and +L, 18 August +L+W and +L.  

 
The week*whole plot*split plot effect was significant largely because of the 

departure in outcomes between acephate whole plots and the other whole plots. This 

led us to examine the proportion of injured bolls in split plots within bifenthrin whole 

plots and acephate whole plots (Figures 2-3 and 2-4).  
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Figure 2-4. Proportion of bolls injured in the split plots within the acephate whole 
plots over the course of the season. Arrows indicate when acephate whole plot sprays 
were applied.  * one or more treatment means are significantly different from the 
check split plot (U) by orthogonal contrast (P < 0.05). 18 Aug all split plots are 
significantly different from the control (U), 2 Sept +L +W (WTPB and sweetpotato 
whitefly control) and +L (WTPB control) split plots are significantly different from 
the check split plot, 8 Sept +L +W and +L are significantly different from the check 
split plot. 
 
Western tarnished plant bug population dynamics 

Examining sampling weeks 28–35, all source effects were significant for WTPB 

nymphs per 100 sweeps (Table 2-3a). WTPB populations varied over time, and as 

with boll injury, we re-analyzed the data by week (Table 2-3b). Control decisions are 

based on WTPB nymph (threshold of 4 per 100 sweeps) and total WTPB counts 

(threshold of 15 per 100 sweeps). Analyses were similar for these two variables and 

only nymph population dynamics are presented. 

 
Table 2-3a. ANOVA table for WTPB nymphs per hundred sweeps. All source effects 
were significant.  
Source DF DFDen F Ratio Prob > F 
Whole Plot 3 13.6 31.80 0.0001 
Split Plot 3 17.5 13.53 0.0001 
Week of Year 10 48.5 96.66 0.0001 
Whole Plot*Split Plot 9 48.1 3.42 0.0026 
Whole Plot*Week of Year 30 152.7 11.72 0.0001 
Split Plot*Week of Year 30 153.5 15.75 0.0001 
Whole Plot*Split Plot*Week of Year 90 448.7 2.38 0.0001 
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In whole plots, WTPB nymph populations varied significantly among stink bug -

targeting (whole plot) insecticide treatments (Table 2-3a). WTPB nymph counts were 

higher in bifenthrin plots than in control plots, and lower in acephate plots than in 

control plots (Tukey HSD, P<0.05). We also examined differences in WTPB 

populations among whole plots by week (Figure 2-5).   

 
Figure 2-5. Lygus nymph populations in whole plots treated for stink bugs. Grey 
dashed line indicates treatment threshold for WTPB, split plot sprays. Arrows 
indicate when whole plot insecticides were applied for brown stink bug control. * 
Tukey HSD (P<0.05): 14 July, dicrotophos and acephate lower than check; 21 July, 
all treatments lower than check; 6 August, dicrotophos lower and bifenthrin higher 
than check; 11 August, bifenthrin and dicrotophos higher than check; 27 August, 
bifenthrin higher than check.  
 
In split plots, WTPB nymph populations varied significantly among treatments (Table 

2-3a). WTPB nymphs were lower in plots that received WTPB-selective treatments to 

split plots designated for their control (Tukey HSD, P<0.05). Differences in WTPB 

populations among split plots by week are shown in Figure 2-6.   
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Figure 2-6. Lygus nymph populations in split plots treated for WTPB and 
sweetpotato whitefly (or both) on threshold. Grey dashed line indicates treatment 
threshold for WTPB, split plot sprays. * Tukey HSD: 11 August, both +L and +L+W; 
18 August, +L significantly different from untreated check split plot.  
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Sweetpotato whitefly population dynamics 

Examining all post-spray sweetpotato whitefly sampling weeks (30–40), all treatment 

effects were significant for sweetpotato whitefly large nymphs (Table 2-4) and 

sweetpotato whitefly adults (binomial counts; see methods) (Table 2-5). Sweetpotato 

whitefly populations varied significantly over time, and we analyzed data by 

sampling date. There were two sampling dates in week 35 to facilitate control 

decisions; each is retained in the analysis. In the first week of sampling (30), 

sweetpotato whitefly adult populations did not vary significantly among treatments 

(F=0.63; df=9, 60; P=0.76). In weeks 31, 32, 34, 35 (27 August), 36, and 40, 

interaction effects were significant (df=9, 60; P<0.1). In weeks 35 (24 August) and 

38, split plot effects were significant (df=3, 60; P<0.002), and in week 39, whole plot 

effects were significant (F=4.96; df=3, 15; P=0.0137). In some sampling weeks, 

dicrotophos and/or acephate whole plots had significantly more sweetpotato whitefly 

infested leaves compared to the untreated whole plot (Figure 2-7). 

 
Table 2-4. ANOVA table for leaves infested with sweetpotato whitefly large nymphs. 
All source effects were significant.  

Source DF DFDen F Ratio Prob > F 

Whole Plot 3 17.4 5.85 0.0060 
Split Plot 3 16.6 30.08 0.0001 
Date 11 56.7 20.01 0.0001 
Whole Plot*Split Plot 9 44.4 5.35 0.0001 
Whole Plot*Date 33 164.4 4.92 0.0001 
Split Plot*Date 33 164.5 10.04 0.0001 
Whole Plot*Split Plot*Date 99 495.7 2.11 0.0001 
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Table 2-5. ANOVA table for leaves infested with sweetpotato whitefly adults. All 
source effects were significant.  

Source DF DFDen F Ratio Prob > F 

Whole Plot 3 10.4 4.94 0.0221 
Split Plot 3 12.2 12.21 0.0006 
Date 11 47.9 41.14 0.0001 
Whole Plot*Split Plot 9 47.9 6.49 0.0001 
Whole Plot*Date 33 170.7 2.49 0.0001 
Split Plot*Date 33 168.4 1.58 0.0322 
Whole Plot*Split Plot*Date 99 492.5 1.32 0.0292 

 
Figure 2-7. Percent leaves infested with sweetpotato whitefly adults for brown stink 
bug whole plots over time. The upper level action threshold for sweetpotato whitefly 
adults is 57% infested leaves (0.57). * one or more whole plot means are significantly 
different from the check by orthogonal contrast (P < 0.05). 28 Jul, bifenthrin lower 
than check; 5 and 8 Aug, dicrotophos higher than check; 27 Aug, acephate and 
dicrotophos higher than check; 1 Sept dicrotophos higher than check.  
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Natural enemy population dynamics & principle response curves  
 
Principal Response Curves (PRCs) were generated to track densities of natural enemy 

communities over time in response to treatments and relative to a standard such as the 

UTC. Our PRC included 18 natural enemy arthropod species or taxa that previous 

research identified as most important in conservation biological control in Arizona 

cotton. Natural enemy populations were significantly reduced in whole plots 

receiving the broad-spectrum, brown stink bug targeted insecticides relative to the 

whole plot UTC (P<0.002) (Figure 2-8). In contrast, split plots managed for primary 

pests with selective insecticides exhibited similar densities of natural enemies (P=0.2) 

as observed in the untreated split plot (Figure 2-9). Each natural enemy has a species 

weight that denotes how closely the dynamics of that taxon are represented by the 

PRC pattern over time. For the whole plot PRC, 7 taxa had species weights > 0.5 

(Misumenops celer; Geocoris spp., Zelus renardii, Orius spp., Other Spiders) or < -

0.5 (Chrysopid larvae, Drapetis nr. divergens). For the split plot PRC, these same 

species were found with > |0.5| species weights along with Collops spp. 

 

  
Figure 2-8. Principle response curve (left) and associated species weights (right) 
showing that natural enemy populations are significantly reduced in plots treated with 
broad-spectrum insecticides (P=0.002).  
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Figure 2-9. Principle response curve showing natural enemy populations in plots 
receiving selective insecticides targeting sweetpotato whitefly and WTPB relative to 
the UTC (P=0.2).  
 
Yields, Profits, and Costs  

The timing, number, and total costs of sprays are presented in Table 2-6. Sprays were 

also examined and broken down by target pests in whole plots (Figure 2-10). The 

only HVI (lint quality) measurement that was statistically significant was micronaire 

(F=2.82; df=9, 60; P=0.0077), which is a measure of fiber fineness and maturity 

(Cotton Incorporated 2013). Yields were significantly different among treatments 

(F=2.4; df=9, 60; P=0.0210). Yields and lint values were significantly higher in 

whole plots that received acephate as a brown stink bug treatment compared to 

untreated whole plots (Tukey HSD, P<0.05) (Figures 2-11 and 2-12). Yields and lint 

values were higher in WTPB-treated split plots (+L+W and +L; Figures 2-11 and 2-

12). However, net output values were not significantly different among whole plot 

treatments (Figure 2-13). We then subtracted out the value of the untreated whole and 

split plots to determine value differences in each of the whole and split plot 

treatments (Figure 2-14). There was no significant value difference between whole 

plot treatments and the untreated whole plot. The final value was significantly 

different in split plots that received WTPB chemical controls (+L+W and +L).  

In the price sensitivity analysis, significances for net output value and value of 

harvested lint with whole plot and split plot values subtracted were not meaningfully 

different from the price of 52¢/lb. Even at highest price examined ($1/lb cotton lint), 

none of the treatment effects or statistical inferences changed from the analysis using 

52¢/lb (Tukey HSD, P<0.05).   
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Table 2-6. Spray targets by week of year and date, spray totals, and total cost of 
chemical control. One application of a mixture targeting two pests is considered two 
sprays. Total costs included application costs in addition to pesticide costs.  
 

 
B, brown stink bug; W, sweetpotato whitefly; L, western tarnished plant bug; M, two-
spotted spider mite 
* sham spray deployed before threshold-level brown stink bug (B) populations were 
present in the field 
 

 
Figure 2-10. Sprays broken down by targets in whole plots. All whole plots received 
one WTPB (“Lygus”) spray when averaged across split plots. Dicrotophos and 
acephate whole plots required an extra half spray for whiteflies (“WF”), and acephate 
plots required a mite (“Mites”) spray. The price of sweetpotato whitefly and mite 
materials are higher than prices for the brown stink bug (“BSB”) materials.  
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1 Bidrin UTC B B B B 4 0 0 0 4 $75.95
2 Bidrin W B B B W B W 4 2 0 0 6 $135.96
3 Bidrin L B B B L B6+6L 4 0 2 0 6 $115.14
4 Bidrin L6+6W B B B L6+6W B6+6L W 4 2 2 0 8 $165.15
5 Bifenthrin UTC B B B B B 5 0 0 0 5 $79.52
6 Bifenthrin W B B B B B W 5 1 0 0 6 $111.42
7 Bifenthrin L B B6+6L B B6+6L B 5 0 2 0 7 $108.72
8 Bifenthrin L6+6W B B6+6L B B6+6L B W 5 1 2 0 8 $140.61
9 Acephate UTC B B B M 3 0 0 1 4 $85.36
10 Acephate W B B B W M W 3 2 0 1 6 $145.38
11 Acephate L B B B L L M 3 0 2 1 6 $134.56
12 Acephate L6+6W B B B L6+6W L M W 3 2 2 1 8 $184.57
13 UT6for6B UTC 0 0 0 0 0 $0.00
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15 UT6for6B L L L 0 0 2 0 2 $49.20
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Figure 2-11. Cotton yield in bales per acre. 1 bale=217.7 kg (480 lbs). Means not 
connected by the same letter are significantly different (Tukey HSD, P<0.05). UT for 
BSB denotes untreated for brown stink bug. +L denotes split plots that received 
WTPB (L) specific insecticides as needed; +W denotes split plots that received 
sweetpotato whitefly (W) specific insecticides as needed; UU, received no 
insecticides for the two primary pests, WTPB or whiteflies. 

 
Figure 2-12. The value of cotton lint per acre in whole and split plot treatments. 
Means not connected by the same letter are significantly different (Tukey HSD, 
P<0.05). UT for BSB denotes untreated for brown stink bug. +L denotes split plots 
that received WTPB (L) specific insecticides as needed; +W denotes split plots that 
received sweetpotato whitefly (W) specific insecticides as needed; check, received no 
insecticides for the two primary pests, WTPB or whiteflies. 
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Figure 2-13. Net output value charted by whole and split plot ($ / A). Whole plot net 
output values are not significantly different among whole plots. The net values of 
split plots treated for WTPB (+L+W and +L) are significantly higher than the split 
plot control. Means not connected by the same letter are significantly different 
(Tukey HSD, P<0.05). UT for BSB denotes untreated for brown stink bug. +L 
denotes split plots that received WTPB (L) specific insecticides as needed; +W 
denotes split plots that received sweetpotato whitefly (W) specific insecticides as 
needed; check, received no insecticides for the two primary pests, WTPB or 
whiteflies. 
 
 

 
Figure 2-14. When values ($/A) of whole and split plot untreated checks are 
subtracted, there are no significant differences among whole plots. Values are 
significantly higher in WTPB-treated split plots (+L+W and +W) than the untreated 
check. Levels not connected by the same letter are significantly different (Tukey 
HSD, P<0.05). UT for BSB denotes untreated for brown stink bug. +L denotes split 
plots that received WTPB (L) specific insecticides as needed; +W denotes split plots 
that received sweetpotato whitefly (W) specific insecticides as needed; check, 
received no insecticides for the two primary pests, WTPB or whiteflies. 
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Discussion 
Few, if any, benefits were identified from current chemical controls for brown stink 

bug in Arizona cotton. While yields were increased in the acephate treated whole 

plot, evidence is presented here to suggest that the ~14% seasonal reduction in injured 

bolls and ~12% increase in yield were most likely attributed to the dilution of boll 

injury measurements by the relative increases in boll populations and the collateral 

control of WTPB by acephate in this whole plot. The other whole plot treatments 

failed to increase yields significantly over the check and are known for their poor 

efficacy on WTPB. Furthermore, split plots that included selective chemical controls 

of WTPB (e.g., +L or +L+W) consistently showed significant reductions in brown 

stink bug-related boll injury and increased yields. In a practical sense, seasonal injury 

levels were not substantially reduced especially given the intensity of spraying: after 

3–6 sprays of broad-spectrum insecticides for brown stink bug control, whole plot 

boll injury levels were only modestly reduced by 0–14% relative to the unsprayed 

control. However, chemical treatments targeting brown stink bug did increase 

management costs of other primary and secondary pests. At this time and with the 

chemical control options examined in this study, brown stink bug chemical control 

measures cause costly disruptions to the system, including primary pest resurgence 

and secondary pest outbreaks due to reduced natural enemy populations. Constrained 

by the statistical power of our experimental design, no economic outcome was 

superior to not spraying for brown stink bug at all. However, nominal net increases 

were noted in the acephate-treated whole plot that we hypothesize is related to 

collateral and additional Lygus control over that gained in selective Lygus chemical 

controls. Evidence to support this hypothesis — under the same constraints of limited 

statistical power — includes the significant economic gains when selectively 

controlling for Lygus in split plots (+L+W). Unlike the control system in the 

Southeastern US, it appears that our chemical controls for brown stink bug are largely 

ineffective in controlling brown stink bug directly, resulting in no net economic gains 

in Arizona cotton.  

The only apparent yield benefit from stink bug chemical controls was in whole plots 

treated with acephate, but this effect appears to be due to coincidental control of 
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WTPB. In brown stink bug chemical control whole plots that received acephate and, 

to a lesser extent dicrotophos, the proportion of injured bolls was lower than in 

untreated whole plots. We believe this is not entirely due to organophosphate efficacy 

against brown stink bug, but instead is due to collateral WTPB control.  

Acephate was the primary WTPB material before flonicamid (Carbine™50WG, FMC 

Corporation, Philadelphia, PA), a selective feeding inhibitor, was available, and 

limited WTPB efficacy was expected from dicrotophos. If only whole plot yields 

were considered, it might be concluded that acephate provides statistically significant 

control of brown stink bug. However, the design of this study permitted the 

examination of stink bug boll injury dynamics at the split plot level, where major 

reductions in boll injury were seen whenever selective insecticide treatments were 

made for WTPB even though flonicamid is inactive against brown stink bug control. 

Clearly, control of WTPB populations were in some way driving the reductions in 

boll injury levels measured.  

It has been previously established that in the Southwest that WTPB does not readily 

attack bolls when squares and flowers are available (Ellsworth 2010); WTPB 

abundance is not directly related to boll injury. However, WTPB feeding causes loss 

of fruiting sites through feeding on flower buds and results in lower boll populations, 

at least until WTPB populations abate and the plant compensates with newer fruiting 

sites later in the season. Where WTPB is well controlled, plants retain higher boll 

populations. Therefore, in plots with coincidental or direct WTPB control, brown 

stink bug injury may be diluted by the larger boll populations present there. Willrich-

Siebert et al. (2005) found that the percentage of stink bug boll injury was generally 

lower when bolls were present in greater quantities due to a greater difference in the 

ratio of total bolls to injured bolls. Thus, any time we either intentionally controlled 

threshold level WTPB populations with selective flonicamid or indirectly suppressed 

sub-threshold WTPB populations with the broad spectrum acephate, the proportion of 

bolls injured declined significantly. Effectively, good WTPB control or any other 

measure that helps plants retain fruiting sites serves to reduce apparent stink bug boll 

injury measurements through a dilution process. The impact this has on stink bug 
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research is significant and suggests that future workers should develop specific 

measurements of boll load at all times. 

Repeated applications of broad-spectrum insecticides deployed for brown stink bug 

control disrupted natural enemy communities and resulted in primary pest 

resurgences, a secondary pest outbreak, and higher control costs. Natural enemy 

populations were significantly reduced in all brown stink bug treated whole plots.  

WTPB nymph populations surged after the 3rd application of dicrotophos and 

bifenthrin (29 July), demonstrating disruption of the system even thought this 

resurgence did not result in additional sprays or control costs for WTPB control in 

final accounting.  

The introduction of the broad-spectrum insecticides dicrotophos, and to a lesser 

extent acephate, into the system also led to increases in sweetpotato whitefly 

populations, which required additional pesticide applications and control costs. This 

indicates that dicrotophos and acephate negatively impact natural enemy communities 

and disrupt conservation biological control, leading to sweetpotato whitefly 

resurgence. Another indication of a sweetpotato whitefly resurgence is the densities 

of Drapetis spp. and Chrysopa spp. larvae shown in the PRC. Drapetis spp. and 

Chrysopa spp. are often more abundant following sweetpotato whitefly outbreaks, but 

are often too late to provide effective biological control (Ellsworth, pers. comm.). In 

2015, the year of this trial, sweetpotato whitefly numbers were below average for the 

site; we would expect to see more extreme resurgences in years with higher 

sweetpotato whitefly densities (Ellsworth, unpubl. data).  

Due to disruption of natural enemies, there was also a secondary pest outbreak of 

mites. The modest yield gains and advantage of collateral WTPB control due to 

acephate was canceled out by increased control costs for two-spotted mites, T. 

urticae, which was the only secondary pest that required control in the study. 

Much work has been done in the Southeast on stink bug management in cotton, where 

a stink bug pest complex includes southern green, Nezara viridula (L.) and green, 

Chinavia hilaris (Say) stink bugs in addition to brown stink bug (Hopkins et al. 2010, 

Reay-Jones et al. 2009). Sampling protocols and static and dynamic thresholds have 
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been well-researched (Greene et al. 2001, 2008, Bacheler et al. 2009, Herbert et al. 

2009, Reay-Jones et al. 2009), and guidelines have been provided to farmers and pest 

managers (Herbert et al. 2009, Bacheler et al. 2010). However, the work that has been 

done does not address non-target effects and how broad-spectrum insecticides may 

lead to outbreaks and resurgences of other pests. Net economic returns ($/A) of stink 

bug control are reported (Herbert et al. 2009), but they consider stink bugs only, not 

the wider effects on the system.  

Susceptibility to insecticides varies among stink bug species, with brown stink bug 

among the most tolerant. In the southeastern United States, the recommended 

insecticides for stink bug control are pyrethroids and organophosphates. The 

organophosphates dicrotophos and acephate have shown the most efficacy against 

brown stink bug; in most cases, dicrotophos has been shown as the most effective 

(Snodgrass et al. 2005, Greene and Herzog 1999, Greene et al. 2001, Greene and 

Capps 2002a&b, Willrich et al. 2004). Green and southern green stink bugs are 

typically susceptible to pyrethroids (Roberts et al. 2001, Greene and Capps 

2002a&b), but, with the exception of bifenthrin and to a limited extent cyfluthrin, 

pyrethroids are not effective in brown stink bug control (Emfinger et al. 2001, Greene 

et al. 2001, Greene and Capps 2002a&b, Willrich et al. 2004). High rates of 

pyrethroids are necessary for control of brown stink bug in Texas (Hopkins et al. 

2010). Preliminary feeding bioassays and chemical efficacy trials in Arizona show 

lower and more delayed mortality in brown stink bugs exposed to pyrethroids and 

organophosphates compared with results from other parts of the cotton belt 

(Ellsworth and Brown unpubl. data).  

The only quality measurement that was significantly different among treatments was 

micronaire, which is a measure of fiber fineness and maturity. Micronaire 

measurements in the middle of the range receive premiums; those at the extremes 

receive discounts (Cotton Incorporated 2013). The difference is likely due to the fact 

that different pest management in various plots, mainly WTPB management, lead to 

differences in plant maturity. Because plant maturity was averaged across the field to 

determine harvest timing, some plots were more mature than others at harvest. If each 



66	  	  

plot would have been defoliated independently based on maturity, the pattern of  

differences, if any, in micronaire might have been different.  

Direct costs of stink bug control measures average $72/A across whole plots. Indirect 

costs due to additional sweetpotato whitefly and mite control costs averaged an extra 

$19.30/A in plots that received brown stink bug insecticides. In total, this is an added 

cost of $91.30/A with no statistically increased net value over not spraying for BSB. 

In split plots, the WTPB-only treatments made the most profit, but one must consider 

that sprays targeting sweetpotato whitefly are triggered to protect quality, well before 

losses in yield Sweetpotato whitefly sprays are intended to preserve quality, and the 

value of sweetpotato whitefly sprays is not reflected from yield measurements. 

Therefore, the cost of sweetpotato whitefly sprays in this cost analysis under 

represents their value. 

Maintaining high boll retention, and therefore stink bug injury dilution, can be 

achieved by following existing university guidelines for WTPB management and 

using selective chemical controls as needed. Acephate and other broad-spectrum 

materials are no longer necessary for WTPB control; growers have more selective 

options, which complement the broader IPM program instead of disrupting it. At this 

time, our recommendation to farmers and pest managers is to carefully manage boll 

load by managing WTPB. We cannot recommend that they attempt direct brown stink 

bug control with any currently available insecticides. There remain great incentives 

for maintaining the selective cotton IPM program in Arizona, even with elevated 

levels of brown stink bugs. If in the future selective management options for brown 

stink bug are developed, the results of this analysis could change.  
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