
ABSTRACT 

BLINKA, ERIC LEE.  Biological and Ecological Studies on Green Stink Bug, 
Acrosternum hilare, and Brown Stink Bug, Euschistus servus (Hemiptera: Pentatomidae), 
in Eastern North Carolina Cropping Systems.  (Under the direction of Dr. J. R. Bradley 
Jr. and Dr. John Van Duyn). 
 

In 2004 through 2007, biological and ecological studies were conducted on the stink bug 

complex across Eastern North Carolina with emphasis on the brown stink bug, Euschistus 

servus (Hemiptera: Pentatomidae).  Ecological studies included the use of survey 

samples, pheromone traps, and black light traps to monitor brown stink and green stink 

bug, Acrosternum hilare (Hemiptera: Pentatomidae), movement across selected Eastern 

North Carolina agro-ecosystems.  Ecological research also focused on the movement of 

brown stink bugs within a wheat / corn agro-ecosystem through the use of sweep net 

samples and whole plant examinations, along with the vertical distribution of brown stink 

bugs on corn plants.  Based upon brown stink bugs ability to fully complete the F1 

generation within wheat in NC, historical weather data was examined utilizing a sine 

wave growing degree day model to predict the number of generations possible.  The 

relationship among differing stink bug boll-feeding symptoms (external signs vs. internal 

symptoms) and boll damage to lint gin-out and quality were also examined.  The last 

ecological study focused on the evaluation of the relationship between stink bug pressure 

and yield under a regressive spray treatment.  A molecular study was conducted to help 

validate brown stink bug movement between crops by separating proteins of crop host 

from insect guts utilizing gel electrophoresis and mass finger printing the peptides.  The 

peptides were then searched against the Viridiplantea data base for conformation which 

crop host proteins were derived from.  Results from this work have given some insight to 



the biological and ecological movement of stink bugs across Eastern North Carolina.  It 

has also demonstrated that there is a need for further investigation into the stink bug 

complex. 
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BIOGRAPHY 

 Eric Lee Blinka was born in April, 1975 to Patrick and Linda Blinka in Cameron, TX.  

He and his parents both managed to survive the high school years without killing each other.  

Eric enjoyed and excelled at his summer job of scouting cotton fields across the Blacklands 

of Texas.  His interest in insects allowed him to develop a high school science fair project 

examining the impact of water pH on the efficacy of foliar applied Bt toxins to cotton 

bollworms.  This project led Eric to earn first place at the Texas State Science Fair in 1993 

and a scholarship to Texas A&M University in College Station.  Before graduating from C. 

H. Yoe High School in Cameron, Eric worked diligently towards and successfully earned his 

Eagle Scout Award from the Boy Scouts of America.   

 Following high school graduation, Eric moved to College Station to begin his long 

and trying college career studying entomology.  The first year was rougher than he had 

anticipated.  He left Texas A&M following his freshman year and moved to Waco, TX where 

he attended Texas State Technical College.  There he earned an Associates degree in diesel 

mechanics.  However, Eric could not relinquish the interest he had for insects and agriculture 

as he maintained a cotton scouting and consulting job with Terra International in Waco.  He 

decided that he wanted to rededicate himself to the pursuit of his entomology degree.  

Through hard work and determination, he attended various community colleges to raise his 

academic standing, reapplied to Texas A&M and was reaccepted.  During this time he 

continued working in the field of entomology as a self employed cotton consultant.  Upon re-

entering the Entomology Department at A&M, he found part time work with the United  
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States Department of Agriculture, Agricultural Research Service (USDA/ARS) in College 

Station under the guidance and direction of Dr. Dale Spurgeon.  While studying as an 

undergraduate, Eric began practicing and participating with the Texas A&M Linnaean games 

team.  This allowed him to become involved with the Entomological Society of America and 

participate in branch and national meetings.  Eric was a member of the ESA Southwestern 

Branch runner-up Linnean Game team in 1999 and of the 2000 championship team.   

 Upon completion of his Bachelor of Science degree in entomology from Texas A&M, 

Eric was provided an employment opportunity in western Kansas as a crop consultant.  Up to 

this point, Eric had never really ventured too far from his childhood home.  His friends were 

supportive and encouraged Eric to seize the opportunity by assuring him there was a pretty 

girl behind every tree in Kansas.  Upon arrival in Goodland, KS, he quickly realized there 

were no trees.  While working full time, Eric began taking on-line classes from Kansas State 

University in Manhattan, but he soon decided to return to school full time.  He applied and 

was accepted into a Master’s of Science program in Agronomy/Weed Science under the 

direction of Dr. Anita Dille at KSU.  His research focused on the competition and growth 

analysis of shattercane, common sunflower, Palmer amaranth, and corn.  As Eric neared the 

end of his Master’s work, he knew that he wanted to continue on towards a Ph.D., but felt 

compelled to return to his roots in Entomology. 

 Wanting to ensure that he found the right institutional fit, Eric mounted a whirlwind 

tour of seven universities in seven days.  All of the stops he made were great, and he could 

envision himself happy at any one of them.  Yet, there was one that stood out from the rest.   
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Eric knew of the stellar research reputations that Dr. J. R. Bradley and Dr. John Van Duyn 

from North Carolina State University had throughout the entomological world.  However, it 

was Dr. Bradley’s last comments to Eric during their visit that solidified NCSU as the place 

Eric belonged.  Dr. Bradley said to Eric, “We’re heading to the deer lease to clean some deer, 

why don’t you come with us”.  Unfortunately, Eric had to respectfully decline as he had 

another scheduled meeting the following day in Kentucky.   Once Eric had completed the 

requirements for his Master’s degree in early spring of 2004, he immediately took off for 

North Carolina.  Once there, he hit the ground running for his first field season.  Even though 

there was a lot of sun up to sun down days, he did manage to find some time now and then 

for a little hunting and fishing.  Once classes started, Eric was fortunate enough to be in the 

same class with an attractive young lady name Kate Whitley.  Eric decided to play hard to 

get, and it worked; Miss Whitley could not resist.  After a couple of years dating, Eric and 

Kate were married in Raleigh, NC on May 6, 2006.  Three months later, they were overjoyed 

to find out that they would have a special 1st anniversary gift; they named her Arabella 

Michelle.  She arrived on May 3, 2007. 

 All of these years have been an exciting adventure that Eric wouldn’t consider trading 

for the world.  It has all lead to the culmination and completion of this dissertation and the 

beginning of a new chapter in his life.  “Thank you” to everyone who has played a role in his 

story.  As William Shakespeare wrote, “All the world's a stage, and all the men and women 

merely players: they have their exits and their entrances; and one man in his time plays many 

parts, his acts being seven ages.  At first the infant, mewling and puking in the nurse's arms.   
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And then the whining school-boy, with his satchel and shining morning face, creeping like a 

snail unwillingly to school.  And then the lover, sighing like furnace, with a woeful ballad 

made to his mistress' eyebrow.  Then a soldier, full of strange oaths and bearded like the 

pard, jealous in honour, sudden and quick in quarrel, seeking the bubble reputation even in 

the cannon's mouth.  And then the justice, in fair round belly with good capon lined, with 

eyes severe and beard of formal cut, full of wise saws and modern instances; and so he plays 

his part.  The sixth age shifts into the lean and slipper'd pantaloon, with spectacles on nose 

and pouch on side, his youthful hose, well saved, a world too wide for his shrunk shank; and 

his big manly voice, turning again toward childish treble, pipes and whistles in his sound.  

Last scene of all, that ends this strange eventful history, is second childishness and mere 

oblivion, sans teeth, sans eyes, sans taste, sans everything.” 
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Introduction 
 

A Brief Description of Stink Bug Biology, Ecology, and Pest Status 
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 The stink bug complex (Hemiptera: Pentatomidae) consist of five species that are 

considered as major pests and include the brown stink bug, Euschistus servus (Say), green 

stink bug, Acrosternum hilare (Say), southern green stink bug, Nezara viridula (L.), rice 

stink bug, Oebalus pugnax pugnax (Fab.), and onespotted stink bug, Euschistus variolarius 

(Palisont de Beauvois) (Decoursey and Esselbaugh 1961, McPherson and McPherson 2000).  

The two species predominate across North Carolina include the brown stink bug and green 

stink bug (Barbour et al. 1990).  Brown stink bug eggs can be found deposited on host plant 

leaves, stems, and fruit in masses (Bundy and McPherson 2000).  Eggs are yellowish white 

or cream, subelliptical or barrel shaped with a weakly convex and circular operculum 

(Munyaneza and McPherson 1994, Bundy and McPherson, 2000).  Egg masses are 

frequently observed in multiples of 14 and require an average of 5.45 days of incubation at 

an unknown temperature (Rolston and Kendrick 1961).  Following eclosion, stink bugs 

progress through five nymphal instars which have been described in detail by Munyaneza 

and McPherson (1994); the nymphs of several other stink bug species have also been 

described (Decoursey and Esselbaugh 1961).  Green stink bugs deposit lemon yellow to pea 

green eggs in loosely uniform rows.  Egg masses have been reported to consist of a 

maximum of 40 to 69 eggs and require 6 days of incubation at 33° C (Simmons and Yeargan 

1988, McPherson and McPherson 2000). 

 Both brown and green stink bugs feed upon a wide range of hosts, including fruits, 

grains, and vegetables, along with many wild hosts such as grasses, shrubs, and trees 

(McPherson and McPherson 2000).  Brown stink bugs are bivoltine, while green stink bugs 

have been reported as both univoltine and bivoltine, depending upon its geographical 
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location (Deitz et al. 1979, Munyaneza and McPherson 1994, McPherson and McPherson, 

2000).  Both species overwinter as adults under crop residues, forest duff, and weed liter 

(Rolston and Kendrick 1961, Deitz et al. 1979, McPherson and McPherson, 2000).  Brown 

stink bugs emerge in early spring and in some regions are found feeding on mullein until 

other hosts become available, while green stink bugs utilize elderberry, Sambucus nigra (L.); 

black locust, Robinia pseudoacacia; honey locust, Gleditsia triacanthos; mimosa, Albizia 

julibrissi, and dogwood, Cornus spp., to build up early populations (Deitz et al. 1979, 

McPherson and McPherson 2000).  Both species have been reported to induce economic 

damage to several important agricultural crops, which include soybean, Glycine max (L.); 

alfalfa, Medicago sativa (L.); pecan, Carya illinoinensis (W.); sorghum, Sorghum bicolor 

(L.); corn, Zea mays (L.); peaches, Prunus persica (L.); pears, Pyrus spp.; apples, Malus 

domestica (B.); wheat, Triticum aestivum (L.); and cotton, Gossypium hirsutum (L.) (Panizzi 

1997).  They are less significant pests of tomato, Lycopersicon esculentum (L.); sugar beet, 

Beta vulgaris (L.); and tobacco, Nicotiana tabacum (L.) (McPherson and McPherson 2000). 

 Stink bugs have been shown to cause economic damage to winter wheat in Louisiana.  

Viator et al. (1983) reported that one sexed pair of southern green stink bugs or rice stink 

bugs per 20 heads of wheat at the milk stage would damage wheat quality and yield.  This 

could be crucial to wheat producers as research in Georgia reported that the rice stink bug 

followed by brown stink bug were the most common species found in winter wheat fields 

(Buntin and Greene 2004).  

 Clower (1958) first reported corn plant mortality and stunting of corn ears by 

southern green stink bugs.  These results were supported by additional research that 
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demonstrated young corn plants were susceptible to mortality and increased tillering due to 

feeding by brown stink bug, green stink bug, and onespotted stink bug (Townsend and 

Sedlacek 1986, Sedlacek and Townsend 1988, Annan and Bergman 1988, Apriyanto et al. 

1989a and 1989b).  Negrón and Riley (1987) found that southern green stink bug feeding on 

V15 stag corn would result in yield reduction by destroying or causing abortion of young 

ears.  

 Reductions in cotton yields by stink bug feeding has been reported due to shedding of 

young bolls, damaged seeds, boll rot, and hard-locked bolls (Cassidy and Barber 1939, Wene 

and Sheets 1964, Ragsdale et al. 1979, Barbour et al. 1990, Bundy et al. 2000, Willrich et al 

2004a, and 2004c).  Stink bug feeding on cotton has not only caused yield loss, but stained 

lint, reduction in fiber length, fiber length uniformity, and an increase in short fiber content 

(Roberts et al. 2005).  However, Bauer et al. (2006) demonstrated that minor stink bug 

damage produced no reduction on cotton textile milling performance.  In 2005, Willrich et al. 

found that brown stink bugs preferred cotton bolls approximately 7 to 27 days old or 1.161 to 

3.586 cm in diameter.  Toscano and Stern (1976) reported cotton yield reductions at four and 

eight adult stink bugs per plant in California, while Barbour et al.(1990) noted yield 

reductions when only three adult stink bugs per plant fed for six days.  It has been reported 

that later stink bug instars can affect yields as well (Greene et al. 1999, Willrich et al. 2004b).  

Greene et al. (2001) established stink bug thresholds for South Carolina and Georgia at a 

density of one bug per 2 meter of row or 20 percent internal damage to medium-sized bolls.  

The internal damage consisted of warts and stained lint described by Bundy et al. (2000).  In 

2007, Bacheler et al. suggested that a dynamic threshold might be appropriate, in which 
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higher thresholds are utilized early and late in the cotton growing season when fewer 

susceptible bolls are present, and a lower threshold is applied during a three-week period 

approximately three to six weeks following anthesis.  This three-week window represents a 

period when a greater proportion of bolls susceptible to stink bug feeding are present.

 Once stink bug thresholds have been met, controlling them requires proper 

identification of the species.  Willrich et al. (2003) demonstrated that pyrethroid insecticides 

were not equally effective against all stink bug species, as brown stink bugs showed a higher 

tolerance for this insecticide class.  They also showed that organophosphates provided the 

most consistent control of brown stink bugs, while both pyrethroids and organophosphates 

provided adequate control of green and southern green stink bugs.  Of the organophosphates, 

dicrotophos provided the best control of brown stink bugs (Tillman and Mullinix 2004). 

 Over the years, the pest status of the stink bug complex has increased across the 

southeastern United States.  The increase has been attributed to the adoption of Bt crops, 

reduction in broad-spectrum insecticide usage, and eradication of the boll weevil, 

Anthonomous grandis grandis Boheman, in cotton (Greene and Herzog 1999, Leonard et al. 

1999, Roberts 1999).  In 2006, stink bugs infested 6.536 million acres and destroyed 151,347 

bales of cotton across the United States.  North Carolina alone lost 51,607 bales of cotton to 

the stink bug complex that year, while South Carolina lost 20,488 bales and Georgia lost 

25,000 bales (Willams 2007).  New, advanced lepidoptera active Bt cotton traits (e.g. 

Bollgard II®, Widestrike®, and Vipcot®) will allow further reductions in stink bug-active 

insecticides in cotton and allow greater stink bug survival. 
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 In order to help reduce agricultural yield losses, producers utilize an integrated pest 

management (IPM) approach.  Prokopy (2003) summarized IPM as a decision-based process 

involving coordinated use of multiple tactics for optimizing the control of all classes of pests 

(insects, pathogens, weeds, vertebrates) in an ecologically and economically sound manner.  

Theoretically, IPM would rely on simultaneous management of multiple pests, regular 

monitoring of pests and their natural enemies and antagonists, utilize economic or treatment 

thresholds and integrate the use of multiple, suppressive tactics (Ehler 2006, US EPA 2007).  

Pedigo (1995) suggested a gap exists between the theory of IPM and IPM practices.  Ehler 

(2006) agreed with Pedigo suggesting that IPM had not been fully implemented because it is 

time consuming and complicated for farmers to utilize, control consultants have little time to 

properly monitor pests and their natural enemies/antagonist and are usually employed by 

pesticide companies creating conflict of inertest, and research scientist have resisted 

integrating pests disciplines.  Currently agricultural IPM relies on a “quick-fix mentality” 

that target symptoms and fails to address the root causes of pest problems, thus resulting in a 

vertical integrated pest management approach in which pests of one class are focused on 

instead of horizontal integrated pest management in which all classes are considered (Ehler 

2006).  The “quick-fix mentality” has led to a scout and treat strategy.  This has been a vast 

improvement over control tactics of the past and started the shift towards IPM.   

Unfortunately, there is still wide gap between the theory and practice of IPM.  Pedigo (1995) 

recommended that in order to close the gap, a greater understanding of pest ecology and 

insect-plant interactions would be required.  He also proposed that in order to convince 

producers that the use of multiple tactics would be beneficial, these tactics should be 
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logically based and simple to understand.  Therefore, the objective of this dissertation is to 

gain a better ecological and insect-plant interaction understanding of stink bugs across 

eastern North Carolina.  
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Chapter I 
 

Brown Stink Bug, Euschistus servus (Hemiptera: Pentatomidae) and Green Stink Bug, 
Acrosternum hilare (Hemiptera: Pentatomidae), Movement Across Selected Eastern 

North Carolina Agro-ecosystems 
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Abstract 
 
 In 2004 to 2006, survey samples, pheromone traps, and black light traps were utilized 

to gain a better understanding of brown stink bug and green stink bug movement across 

North Carolina farmscapes and agro-ecosystems.  Results indicate that stink bugs prefer a 

limited number of hosts early and late, including weed banks, soybean, and wheat/late 

planted soybean fields.  Data also suggest that weed banks, soybean, and wheat/late planted 

soybean fields are preferred ovipositional sites, since most stink bug nymphs were collected 

from these areas.  Using the above three sampling procedures, no consistent patterns of host 

utilization could be detected during the middle of the field crop season, when stink bugs 

continued to move within and between various host crops and weeds species. 

Introduction 

 The use of Bollgard® Lepidopteran active Bt cotton varieties has resulted in reduced 

use of synthetic insecticides applied to manage Lepidoptera pests, allowing increased 

survival of stink bugs.  Thus, stink bug numbers have dramatically increased, as has stink 

bug induced damage.  These insects feed upon new bolls, up to 3 1/2 weeks old, resulting in 

hard lock (the failure of cotton fibers to expand outward or fluff out after boll opening) 

(Mailhot and Marois 2007), boll rots, and reduced fiber quality. As a result, stink bugs have 

become a major cotton pest (Greene and Herzog 1999, Leonard et al. 1999, Peters et al. 

2004, Roberts 1999, and Willrich et al. 2004).  Ehler (2000) demonstrated that stink bugs in 

California tend to move from one patch of vegetation to another within an agroecosystem.  In 

general, however, information on stink bug movement is limited, both within and between 

fields and feral vegetation in agroecosystems. With the increased status of stink bugs as 
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serious economic cotton pests, a better understanding of stink bug movement in cotton 

agroecosystems may foster the development and adoption of more ecologically based IPM 

strategies for these pests.  To gain a better understanding of brown stink bug, Euschistus 

servus (Say), and green stink bug, Acrosternum hilare (Say), movement within NC 

farmscapes and across agroecosystems, stink bug populations were assessed through sweep 

net sampling, whole plant examinations, pheromone trapping and black light trapping from 

2004 to 2006 in the coastal plains of North Carolina.  

 Materials and Methods 

Sweep net and whole plant assessments  

In 2004 and 2005, four agro-ecosystems in northeastern North Carolina (one site each 

located in Beaufort and Perquimans Counties, and two sites in Halifax County) were survey 

sampled.  Maize, Zea mays (L.) [henceforth referred to as corn], cotton, Gossypium hirsutum 

(L.), soybean, Glycine max (L.), and weed banks were present at each of the four locations.  

Three locations contained peanut fields and wheat/late planted soybean fields, while one 

location contained tobacco fields (Table 1-1).   Weed banks consisted of ditch banks and 

pasture fields that contained both grass and broad leaf weed species.  Wheat/late planted 

soybean fields were wheat fields in the spring that were harvested and then double cropped 

back into soybeans that grew throughout mid and late season.  Sampling for stink bugs began 

in early June and continued at weekly intervals through early September, resulting in 14 

sample dates each year. 

Individual samples consisted of 25 sweeps with a 38.1 centimeter diameter sweep net 

at least six meters from the field edge for all hosts except corn and tobacco.  Corn and 
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tobacco samples consisted of in situ counts on five consecutive whole plants, with samples 

located at least six meters from the field edge.  Five different field sites were randomly 

selected and sampled weekly for each host crop at each of the four agro-ecosystems.  Sweep 

net samples were bagged, labeled, and transported to the lab, where they were examined to 

determine stink bug species, number, and developmental stage (nymph vs. adult).  When 

appropriate, data were combined across years.  However, data could not always be pooled 

across years due to differences between survey sample assessment dates and differing crop 

phenologies.  Due to differences in sampling dates at each location, samples were combined 

into biweekly intervals.  Data were analyzed using Proc MIXED in SAS® (SAS Institute 

2003) and ANOVA tables produced.  The stink bug predicted means over time were 

separated through a LSD test using the LS means statement.  The predicted means were 

examined instead of actual means due to missing data points that could impact the results.  

Data were square root transformed and subjected to Proc REG in SAS® to examine 

regression slopes of stink bug densities for each host crop over time.  Sample dates did not 

match up evenly within each year or across years; therefore sample dates were combined into 

biweekly samples for data analysis.   

Brown stink bug pheromone trapping  

In 2005 and 2006, 21 pheromone traps were placed in various host/landscape 

situations in Perquimans County.   Each trap was constructed from two triangular pieces of 

yellow corrugated plastic board with bases of 56 centimeters, narrowing to 5 centimeters at 

the top, and a height of 122 centimeters.  A 61 centimeter slit was cut into the top of one 

piece and the bottom of another piece to allow the two pieces to slide together to form a free 
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standing pyramid.  Aluminum screen capture containers, 46 centimeters long with a 25 

centimeter diameter, were baited with brown stink bug pheromone (methyl 2,4 –

decadienoate) lures (Suterra LLC) and placed on top of the yellow pyramids (Figure 1-1).  

Traps were placed within seven different host crop/landscape settings including corn, cotton, 

soybean, peanut, and wheat/late planted soybeans, along with weed banks and harvested tree 

cut-over areas.  Traps were placed within fields approximately 67 meters from the field edge.  

Each host crop/landscape area contained three traps.  Traps were checked weekly and 

captured bugs identified from July 12 through September 6 in 2005 (nine sample dates), and 

June 8 through August 24 (12 sample dates) in 2006.  Lures were replaced every other week 

to ensure a consistent release of pheromone.  Data could not be pooled across years due to 

differences between pheromone trap assessment dates and differing crop phenologies.  Data 

were analyzed using Proc MIXED in SAS® (SAS Institute 2003) and stink bug predicted 

means over time were separated through an LSD test using the LS means statement.  The 

predicted means were examined instead of actual means due to missing data points that could 

impact the results.  Data were square root transformed and subjected to Proc REG in SAS® to 

examine the regression slopes for stink bug numbers in each crop over time. 

Green stink bug black light trapping  

Black light traps placed near field edges were monitored for adult green stink bugs in 

agricultural production areas across North Carolina. A total of 35 and 40 traps were 

monitored in 2005 and 2006, respectively.  Trap catches were assessed every 2-3 days from 

early to mid-July through late August for an average of seven to eight weeks of sampling.  

Due to different sampling dates at each of the different black light trap locations and across 
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years, data were combined into weekly samples.  During the growing season, host crop areas 

surrounding the black light traps were mapped by hand and crop areas defined.  Aerial maps 

of the black light trap locations and surrounding crops were obtained using the TerraServer 

web site (TerraServer-USA).  Aerial maps were then imported into ArcMap® (ERSI) and 

surrounding fields were identified using the hand drawn maps.  An area with a diameter of 

366 meters was established around each black light trap and the acreage of each crop within 

the area was determined using ArcMap® tools (Figure 1-2).  The ratios of each crop 

surrounding the light traps were determined and the crop with the highest ratio around each 

light trap was termed “Major Crop”.  The data were analyzed by the major host crop 

surrounding each black light trap to determine the impact of these major host crops on black 

light trap captures of adult green stink bugs.  Data from the two years were pooled and square 

root transformed and analyzed.  An ANOVA was derived using Proc MIXED to determine 

significant effects, correlations between green stink bug populations and “Major Crops” were 

determined using Proc CORR, and a forward selection statement was used within the Proc 

REG procedure to determine which major host significant model contributors in SAS® (SAS 

Institute 2003).  Data were analyzed in Proc REG as non-transformed data, log transformed, 

and square root transformed.  

Results and Discussion 

Sweep net and whole plant assessments 

 Population levels of adult brown, adult green, nymphal brown, and nymphal green 

stink bugs were assessed over the field crop growing season.  The field crop season was 
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divided into three periods: early season (June 14 – July 5), mid season (July 12 – August 9), 

and late season (August 16 – September 6).   

Adult brown stink bug populations were significantly different across crops, 

year*crop, year*biweekly samples, crop*biweekly samples, and year*crop*biweekly 

samples (Table 1-2).  The three way interaction suggested that stink bug populations were 

significantly different during different biweekly sampling periods for different corps between 

each year.  Adult brown stink bug populations in 2004 fluctuated between the different crops 

with no one crop significantly increasing the adult brown stink bug population over another 

crop (Figure 1-3).  However, in 2005, corn produced a significantly higher population of 

adult brown stink bugs for most of the growing season as compared to other crops grown that 

year (Figure 1-4).  In 2004, the highest population levels occurred during early season within 

tobacco fields with 1.24 ± 0.39 adult brown stink bugs caught per the second biweekly 

sample, while wheat/late planted soybeans produced the highest populations during the last 

biweekly sample with 1.09 ± 0.51 adult brown stink bugs (Figure 1-3).   During 2004 mid 

season, less than one adult brown stink bug was caught per biweekly sample as compared to 

corn in 2005 that had a significantly higher adult brown stink bug population during mid 

season starting on the fourth biweekly sample with 1.33 ± 0.27 stink bugs, up to 3.36 ± 0.37 

by the sixth biweekly sample, and down to 1.66 ± 0.37 during the last biweekly (Figures 1-

4). 

Adult green stink bug populations were significant across crops, year*crop, and 

crop*biweekly samples (Table 1-2), suggesting that adult green stink bug populations were 

significant for different crops during different biweekly sampling periods when data across 



 21

2004 and 2005 were combined.  Corn produced a significantly greater adult green stink bug 

population with 0.34 ± 0.07 bugs per sample during the second early season biweekly sample 

date.  Soybean fields produced a significantly greater adult green stink bug population during 

the second late season biweekly sample date with 0.31 ± 0.09 bugs per sample (Figure 1-5).  

By the last late season biweekly sample date, there was no difference between adult green 

stink bug populations within soybean and wheat/late planted soybean fields at 0.64 ± 0.10 

and 0.46 ± 0.12, respectively, which were greater than any other crops (Figure 1-5). 

Nymphal brown stink bug populations were significant across crops, biweekly 

samples, year*biweekly samples, and crop*biweekly samples (Table 1-2).  This suggested 

that nympal brown stink bug populations were significantly different during biweekly 

samples for different crops.  In 2004 and 2005, weed banks and wheat fields produced 

highest populations of nymphal brown stink bugs during the first early season biweekly 

sample date than any other crop, yet they were not different from each other with 1.11 ± 0.12 

and 0.88 ± 0.11 bugs per sample respectively (Figure 1-6). 

Nymphal green stink bug populations were significant across crops, year*crop, 

biweekly samples, year*biweekly samples, crop*biweekly samples, and year*crop*biweekly 

samples (Table 1-2).  The three way interaction suggested that stink bug populations were 

significantly different during different biweekly sampling periods for different corps between 

each year.  Nymphal green stink bug populations in 2004 fluctuated between different crops 

with no one crop significantly increasing nymphal green stink bug population over another 

crop (Figure 1-7).  However in 2005, soybean fields had a significantly higher populations of 

nymphal green stink bugs during the last late season biweekly sample date as compared to 
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other crops grown that year with 1.60 ± 0.09 bugs per sample (Figure 1-8).  Compared to the 

last biweekly sample in 2004, which had wheat/late planted soybean fields supporting  the 

highest nymphal green stink bug populations that year at 0.20 ± 0.12 caught per sample 

(Figure 1-7).   

Regression data were utilized to demonstrate either decreasing or increasing stink bug 

populations within individual crops.  Negative slopes suggest the stink bug population 

decreases over time, while positive slopes suggest stink bug population increases over time.  

Examining the 2004 survey sample regression analyses for adult brown stink bugs, 

significant, decreasing slopes were found only for corn and tobacco fields (Table 1-3). 

Samples from wheat/late planted soybean fields had a significant increasing slope.  Corn 

fields produced the greatest decreasing slope with -0.186 for adult brown stink bugs in 2004.  

The 2004 adult green stink bug regressions showed that corn fields and weed banks each had 

decreasing trends, though neither was significant (Table 1-4).  Significant, increasing slopes 

were noted for cotton, soybean, and tobacco fields suggesting populations increased over 

time on these crops.  Soybean fields had the greatest slope at 0.113 for the 2004 adult green 

stink bugs.  The 2004 brown stink bug nymph regressions demonstrated that weed banks 

were significant and had the greatest decreasing slope at -0.089 (Table 1-5).  Green stink bug 

nymph regression data for 2004 showed no significance for any of the hosts (Table 1-6).  

The 2005 survey sample regression analyses for adult brown stink bugs showed 

significant decreasing slopes for weed banks only.  The 2005 adult green stink bug 

regressions showed that only soybean and wheat/late planted soybean fields produced 

significant increasing slopes (Table 1-4).  Soybean fields had the greatest slope at 0.156 for 
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the 2005 adult green stink bugs.  The 2005 brown stink bug nymph regressions demonstrated 

that weed banks and wheat/late planted soybean fields had decreasing slopes and both were 

significant (Table 1-5).  Wheat/late planted soybean fields had the greatest slope at -0.097 for 

brown stink bug nymphs in 2005.  Regression data for 2005 nymph green stink bug showed 

significant decreasing slope for tobacco (Table 1-6).  Significant increasing slopes occurred 

for peanut and soybean fields, along with weed banks.  Soybean fields had the greatest slope 

at 0.248 for green stink bug nymphs in 2005. 

The survey sample data suggests that adult brown stink bug populations flow through 

the environment feeding on different crops/hosts throughout the year.  Each year, the adult 

brown stink bug population increases and decreases at different times within different crops 

making pattern predictions quite difficult.  However, the data does suggest that adult brown 

stink bugs prefer to frequent weed banks and wheat fields early in the season to deposit eggs.  

This information could lead to utilizing these areas as a mechanism of brown stink bug 

population control.  If control measures are focused on the F1 generation while they are 

concentrated within these two crops/hosts as nymphs, it maybe possible to reduce subsequent 

brown stink bug populations levels and lessen the potential impact on later season corps.    

The adult green stink bug population appears to flow through the environment 

feeding on different crops/hosts throughout the early and mid season.  Each year, the adult 

green stink bug population increases and decreases at different times within different crops 

making pattern predictions quite difficult with the exception of late season.  The data 

suggests that adult green stink bug populations are concentrated in soybean fields regardless 

of when they were planted.  Our data collection ended around the first part of September and 
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further data collection may have reflected that double cropped soybeans could have 

potentially supported adult green stink bug populations later into the year than early planted 

soybeans.  Either way, the data suggests that adult green stink bugs are taking advantage of 

the late seed producing crop of soybeans.  The soybeans may be providing the high 

nutritional requirements that adult green stink bug populations need to overwinter, thus 

improving winter survivorship.  It may prove beneficial to take advantage of the green stink 

bug population concentrating in such areas as soybean fields just prior to overwintering as a 

mechanism of control.  Control measures maybe taken against large green stink bug 

populations while they are concentrated in these soybean fields, thus reducing the 

overwintering population and subsequent populations the following year.    

Pheromone trapping of brown stink bug 

 The purpose of this study was to monitor adult brown stink bugs with pheromone 

(methyl 2, 4-decadienoate) traps.  However, these traps caught some adult green stink bugs 

which were also counted.  Green stink bugs were most likely attracted not to the pheromone 

but rather the yellow corrugated plastic boards used to construct the pheromone traps.  The 

field crop season was broken down into three categories: 2005 – early season (July 12 – July 

26), mid season (August 2 – August 16), and late season (August 23 – September 9) and 

2006 – early season (June 8 – June 29), mid season (July 6 – July 27), and late season 

(August 3 – August 24).   

In 2005, adult brown stink bug populations were significantly different between crops 

and across different sample dates (Table 1-7).  There was also a significant crop*date 

interaction that suggested adult brown stink bug populations were significantly greater in 
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different crops on different sample dates (Table 1-7).  In 2005, adult brown stink bug 

populations fluctuated between crops during early season with no one crop producing 

significantly higher populations than another crop (Figure 1- 9).  However during one sample 

date during mid season, soybean fields produced a significantly higher adult brown stink bug 

populating than any other crop with 13.67 ± 0.96 bugs per trap.  By the last sample date, 

wheat/late planted soybeans produced an adult brown stink bug population of 6.00 ± 0.96 

bugs per trap.  In 2006, adult brown stink bug populations were significantly different across 

sample dates (Table 1-8).  There was also a crop*date interaction that suggested adult brown 

stink bug populations were significantly greater in different crops on different sample dates 

(Table 1-8).  In 2006, adult brown stink bug populations fluctuated between different crops 

during most of early season; with the exception of the last early season sample date that 

produced 24.00 ± 3.90 bugs per trap in weeds (Figure 1-10).  The next sample date, which 

was the first sample date during mid season, again produced a significantly greater adult 

brown stink bug population in weeds with 33.67 ± 3.90 bugs per trap in weeds.  The adult 

brown stink bug population then fluctuating between crops until the last two late season 

sample dates, where peanuts produced 17.33 ± 3.90 and 12.33 ± 3.90 bugs per trap, 

respectively (Figure 1-10).   

In 2005, adult green stink bug populations were significantly different between crops 

and across different sample dates (Table 1-8).  There was also a significant crop*date 

interaction that suggested adult green stink bug populations were significantly greater in 

different crops on different sample dates (Table 1-8).  In 2005, adult green stink bug 

populations were significantly greater in soybeans than any crop at 3.00 ± 0.43 bugs per trap 
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during the first early season sample (Figure 1-11).  Adult green stink bug populations then 

fluctuated between different crops until the second mid season sample date, at which point 

soybeans again produced significantly greater adult green stink bug populations than any 

other crop at 3.33 ± 0.43 bugs per trap (Figure 1-11).  Adult green stink bugs then fluctuated 

between crops for the rest of the 2005 growing season.  In 2006, adult green stink bug 

populations were significantly different between crops and across different sample dates 

(Table 1-8).  Cotton was the only crop that significantly produced a higher adult green stink 

bug population than any other crop which occurred during the early season sample dates with 

2.33 ± 0.59, 5.33 ± 0.59, and 3.00 ± 0.59 bugs per trap, respectively (Figure 1-12).  The adult 

green stink bug population then fluctuated between crops for the rest of the 2006 growing 

season. 

In 2005, adult brown stink bug populations regressed over time showed only a 

significant relationship with soybean fields with a -0.023 slope (Table 1-9).  In 2006, a 

significant relationship was seen in cut-over areas with a slope of -0.015 and in peanut fields 

with a slope of 0.040 (Table 1-9).   Adult green stink bug populations regressed over time in 

2005 showed a significant relationship with soybean fields with a slope of -0.010, while 

peanut, weeds, and wheat/late planted soybean fields produced slopes of 0.011, 0.007, and 

0.008, respectively (Table 1-10).  While in 2006, adult green stink bug populations regressed 

over time were significant with cotton fields with a slope of -0.018 and weeds with a slope of 

-0.007 (Table 1-10). 

The pheromone trap data suggests that both adult brown and adult green stink bug 

populations flow through the environment feeding on different crops/hosts throughout the 
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year.  Each year, the stink bug population increases and decreases at different times within 

different crops making pattern predictions quite difficult.  It appears that both adult brown 

and adult green stink bug populations continually fluctuate within and between crops looking 

for the perfect stage of host to feed on briefly until another host is at the appropriate stage.  It 

is possible that large geographical areas that support a wide range and variety of crops/hosts 

may influence this constant movement.  Where as a large geographical area which supports 

fewer crops/hosts may tend to strengthen the pattern predictability of brown or green stink 

bug populations. 

Black light trapping of green stink bugs 

Several different hosts were found to be contained within the black light trap 

vegetation assessment areas, including corn, cotton, lakes (large bodies of water contained 

within the black light trap area), pasture (any space contained within the black light trap area 

not used for agricultural production and contained both grass and broadleaf plants) , peanut, 

soybean, tobacco, trees, and vegetable fields.  Of these hosts, only corn, cotton, pasture, 

soybean, tobacco, trees, and vegetable fields were considered major hosts.  In 2005, black 

light traps where vegetables were the major host crop caught the highest average number of 

green stink bugs per sample at 29.91, while black light traps where cotton fields were the 

major crop only averaged 8.57 green stink bugs per sample (Table 1-11).  In 2006, the lowest 

average number of adult green stink bugs caught per sample by black light traps was in areas 

where pasture was the major host crop with 9 bugs per 9 samples, while black light traps 

where corn fields were the major crop caught an average of 15.89 adult green stink bugs per 

sample (Table 1-11).   
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Adult green stink bug black light trap captures were significant between years, 

sample weeks, major crops, along with the three way interaction of year*week*major crop 

(Table 1-12).  This suggest that the number of adult green stink bugs caught in black light 

traps were different from one year to the next, from one sample week to the next, and among 

different major crops.  It also suggests that for each year and sample week, different major 

crops were significant.  In 2005, adult green stink bug captures were significantly greater for 

corn and vegetables than other crops during the first three sample weeks, but were not 

different from each other with 172 ± 33.26, 129 ± 33.26, and 142 ± 33.26 for corn, and 

132.89 ± 31.42, 133.89 ± 31.42, and 123.89 ± 31.42 for vegetables   (Figure 1-13).  

Following the third weekly sample, black light trap captures of adult green stink bugs 

dropped dramatically and no differences between major crops were detected.  In 2006, black 

light trap capture of adult green stink bugs were only significantly different among the major 

crops during the third weekly sample when 88.89 ± 31.42 bugs were caught when corn was 

the major crop surrounding the black light traps (Figure 1-14).  Comparing the differences 

between years, we observed significantly more adult green stink bugs caught in 2005 during 

the first two weekly samples as compared to the first two weekly samples in 2006 (Figures 1-

13 and 1-14).  By examining the data, no real patterns are detected suggesting that stink bug 

populations fluctuate through out the environment.  No one major crop consistently 

contributed more than any other major crop across the two years making it difficult to predict 

annual patters or suggest that any one major crop significantly contributes to the adult green 

stink bug population.  
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Examining correlation data between the number of adult green stink bugs captured in 

black light traps and the major crops surrounding the black light traps, only five of the major 

crops were significant: corn, cotton, pasture, peanut, and soybean (Table 1-13).  Corn and 

soybean fields had a positive correlation with the number of adult green stink bugs caught in 

black light traps suggesting that as the acreage of these two crops increases, the number of 

adult green stink bugs in the surrounding area increased as well.  However, cotton, pasture, 

and peanut fields had a negative correlation with the number of adult green stink bugs caught 

in black light traps suggesting that as the acreage of these three crops increases, the number 

of adult green stink bugs in the surrounding area decreased.  Even though the correlations 

were significant, the R2 values are very low indicated a lot of unexplained variation (Table 1-

13).  The correlation variation suggests that confidence in accurately predicting how any of 

these crops may influence adult green stink bug populations is extremely low and may not be 

reliable. 

Depending upon how the data was transformed, the regression forward selection 

process indicated different variables that were significant to each model (Table 1-14).  When 

the data was non-transformed, the forward selection process indicated that corn, 

week(quadratic), pasture, and peanut, respectively, were significant contributors to the model 

(Table 1-14).  When the data was log transformed, the forward selection process indicated 

that corn, lake, pasture, and week(quadratic), respectively, were significant contributors to 

the model (Table 1-14).  However, when the data was square root transformed, the forward 

selection process indicated that corn, lake, week(quadratic), pasture, and peanut, respectively, 

were significant contributors to the model (Table 1-14).  The difference between models 
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based on the transformation of the data suggest there is a lot of variability in the data making 

it very difficult to see any real patterns that would suggest any one major crop over another 

would significantly contribute to the black light capture of adult green stink bugs. 

The black light trap data suggest that adult green stink bug population fluctuate 

between different crops through out the year and vary from crop to crop each year.  No 

annual adult green stink bug population patterns could consistently be detected by any of the 

three data analyses methods. The data also suggest that no single crop contributed any more 

than any other crop to the black light trap capture of adult green stink bugs and that black 

light traps may not be the best sampling method available. 

Conclusion 

The survey sample, pheromone trap, and black light trap data all indicated that both 

adult brown and adult green stink bugs utilize all major crop hosts to feed and sustain 

themselves.  They move from one host to another throughout the growing season in search of 

optimal food and oviposition sites.  The data suggested that survey sampling for both brown 

and green stink bugs maybe the best of the three sampling methods tested here as it was the 

only sampling method that resulted in predictable patterns.  Based on the survey samples, 

some hosts may be preferentially utilized more than other hosts during early and late season, 

such as weed banks, soybean, and wheat/late planted soybean fields.  The levels of brown 

and green stink bug nymphs revealed that few hosts, such as weed banks, soybean and 

wheat/late planed soybean fields, stood out as preferred ovipositional hosts.  However, these 

hosts varied from year to year as well.  Stink bug feeding and ovipositional seasonal 

variations maybe attributed to different host crop stages and should be investigated further.  
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Based on the data presented here, it maybe possible to predict when and where large 

populations of brown and green stink bugs exist in the environment.  This data could be 

utilized to develop a time table of when and where to apply control tactics that would 

effectively reduce large brown and green stink bug populations and reduce the number of 

insecticide sprays. 
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Table 1-1.  Locations and hosts included in survey samples. 
Location   Crop        

Beaufort Co. 
Corn, Cotton, Soybean, Weed Bank, and Wheat Field/Late Planted 
Soybean 

Perquimans Co. 
Corn, Cotton, Peanut, Soybean, Weed Bank, and Wheat Field/Late 
Planted Soybean 

Halifax Co. #1 Corn, Cotton, Peanut, Soybean, Tobacco, Weed Bank,   

  
and Wheat Field/Late Planted 
Soybean        

Halifax Co. #2 
Corn, Cotton, Peanut, Soybean, and Weed 
Bank      
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Table 1-2.  Model statements tested using Proc Mixed in SAS® (SAS Institute 2003) with 
regard to adult brown, adult green, nymph brown, and nymph green stink bugs caught in 
survey samples for 2004 and 2005. 

Stink bug type Effect F value Numerator 
df 

Denominator 
df 

P value 

Adult brown Year 0.29 1 4.27 0.6199 
Adult brown Crop 3.71 6 16.2 0.0163 
Adult brown Year*Crop 19.12 6 165 <0.0001 
Adult brown Biweek 0.58 6 162 0.7486 
Adult brown Year*Biweek 2.62 6 162 0.0190 
Adult brown Crop*Biweek 1.66 36 161 0.0179 
Adult brown Year*Crop*Biweek 2.34 36 160 0.0002 
Adult green Year 3.01 1 173 0.0843 
Adult green Crop 5.76 6 168 <0.0001 
Adult green Year*Crop 3.06 6 168 0.0073 
Adult green Biweek 1.80 6 19.2 0.1517 
Adult green Year*Biweek 1.47 6 172 0.1918 
Adult green Crop*Biweek 1.73 36 171 0.0112 
Adult green Year*Crop*Biweek 1.26 33 168 0.1779 

Nymph brown Year 5.18 1 3.26 0.1004 
Nymph brown Crop 3.61 6 139 0.0023 
Nymph brown Year*Crop 1.25 6 138 0.2839 
Nymph brown Biweek 4.07 6 6.53 0.0492 
Nymph brown Year*Biweek 2.11 6 147 0.0553 
Nymph brown Crop*Biweek 2.20 36 140 0.0006 
Nymph brown Year*Crop*Biweek 1.52 33 138 0.0515 
Nymph green Year 7.23 1 3.82 0.0574 
Nymph green Crop 7.53 6 17 0.0005 
Nymph green Year*Crop 8.47 6 166 <0.0001 
Nymph green Biweek 3.79 6 167 0.0014 
Nymph green Year*Biweek 2.97 6 167 0.0089 
Nymph green Crop*Biweek 3.41 36 168 <0.0001 
Nymph green Year*Crop*Biweek 4.16 33 166 <0.0001 
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Table 1-3.  Linear regression analyses of square root transformed adult brown stink bugs 
caught over time for each individual crop in survey samples (Significant at P<0.05). 

Year Crop n Slope + SE F P r2 
2004 Corn 23  -0.186 + 0.024 -7.84 <0.0001 0.745 
2004 Cotton 23 -0.017 + 0.034 -0.49 0.628 0.011 
2004 Peanut 19 0.008 + 0.040 0.20 0.846 0.002 
2004 Soybean 23 -0.038 + 0.042 -0.89 0.382 0.037 
2004 Tobacco 14 -0.149 + 0.062 -2.42 0.033 0.327 
2004 Weeds 23 -0.063 + 0.037 -1.67 0.109 0.118 
2004 Wheat/Soybean 16 0.086 + 0.033 2.58 0.022 0.323 
2005 Corn 26 0.081 + 0.066 1.24 0.223 0.060 
2005 Cotton 20 -0.010 + 0.023 -0.44 0.662 0.011 
2005 Peanut 21 0.032 + 0.025 1.26 0.224 0.077 
2005 Soybean 25 0.036 + 0.036 1.00 0.326 0.042 
2005 Tobacco 7 -0.067 + 0.67 -1.00 0.365 0.167 
2005 Weeds 31 -0.076 + 0.023 -3.49 0.002 0.300 
2005 Wheat/Soybean 22 -0.054 + 0.033 -1.64 0.116 0.119 

 
Table 1-4.  Linear regression analyses of square root transformed adult green stink bugs 
caught over time for each individual crop in survey samples (Significant at P<0.05). 

Year Crop n Slope + SE F P r2 
2004 Corn 23 -0.006 + 0.011 -0.55 0.589 0.014 
2004 Cotton 23 0.078 + 0.029 2.67 0.014 0.254 
2004 Peanut 19 0.029 + 0.021 1.38 0.185 0.101 
2004 Soybean 23 0.113 + 0.031 3.66 0.001 0.390 
2004 Tobacco 14 0.001 + 0.027 0.36 0.726 0.011 
2004 Weeds 23 -0.014 + 0.023 -0.61 0.549 0.017 
2004 Wheat/Soybean 16 0.111 + 0.034 3.28 0.006 0.435 
2005 Corn 26 -0.033 + 0.031 -1.04 0.311 0.043 
2005 Cotton 20 0.012 + 0.034 0.35 0.727 0.007 
2005 Peanut 21 0.008 + 0.008 1.00 0.330 0.050 
2005 Soybean 25 0.156 + 0.039 4.04 0.001 0.415 
2005 Tobacco 7 -0.026 + 0.046 -0.56 0.598 0.060 
2005 Weeds 31 0.013 + 0.018 0.71 0.485 0.017 
2005 Wheat/Soybean 22 0.072 + 0.022 3.33 0.003 0.357 
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Table 1-5.  Linear regression analyses of square root transformed nymphal brown stink bugs 
caught over time for each individual crop in survey samples (Significant at P<0.05). 

Year Crop n Slope + SE F P r2 
2004 Corn 23 -0.014 + 0.015 -0.98 0.339 0.044 
2004 Cotton 23 0 + 0 0 0 0 
2004 Peanut 19 0 + 0 0 0 0 
2004 Soybean 23 -0.003 + 0.014 -0.23 0.822 0.003 
2004 Tobacco 14 -0.011 + 0.011 -1.00 0.337 0.077 
2004 Weeds 23 -0.089 + 0.037 -2.42 0.025 0.218 
2004 Wheat/Soybean 16 -0.001 + 0.028 -0.03 0.973 0.218 
2005 Corn 26 0.005 + 0.032 0.17 0.869 0.001 
2005 Cotton 20 0 + 0 0 0 0 
2005 Peanut 21 0.018 + 0.012 1.47 0.158 0.102 
2005 Soybean 25 0.027 + 0.019 1.40 0.176 0.078 
2005 Tobacco 7 0 + 0 0 0 0 
2005 Weeds 31 -0.067 + 0.025 -2.47 0.020 0.174 
2005 Wheat/Soybean 22 -0.097 + 0.041 -2.39 0.027 0.222 

 
Table 1-6.  Linear regression analyses of square root transformed nymphal green stink bugs 
caught over time for each individual crop in survey samples (Significant at P<0.05). 

Year Crop n Slope + SE F P r2 
2004 Corn 23 0 + 0 0 0 0 
2004 Cotton 23 -0.007 + 0.015 -0.45 0.655 0.001 
2004 Peanut 19 0 + 0 0 0 0 
2004 Soybean 23 0.004 + 0.013 0.30 0.767 0.004 
2004 Tobacco 14 0 + 0 0 0 0 
2004 Weeds 23 -0.017 + 0.014 -1.16 0.260 0.060 
2004 Wheat/Soybean 16 0.037 + 0.025 1.49 0.158 0.137 
2005 Corn 26 0 + 0 0 0 0 
2005 Cotton 20 -0.001 + 0.010 -0.12 0.906 0.001 
2005 Peanut 21 0.045 + 0.015 3.04 0.007 0.327 
2005 Soybean 25 0.248 + 0.058 4.31 0.0003 0.447 
2005 Tobacco 7 -0.056 + 0.020 -2.89 0.034 0.625 
2005 Weeds 31 0.026 + 0.014 1.83 0.078 0.103 
2005 Wheat/Soybean 22 0.038 + 0.024 1.60 0.126 0.113 
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Table 1-7.  Model statements tested using Proc Mixed in SAS® (SAS Institute 2003) with 
regard to adult brown stink bugs caught in pheromone trap samples for 2005 and 2006. 

Year Effect F value Numerator 
df 

Denominator 
df 

P value 

2005 Crop 13.11 6 56.6 <0.0001 
2005 Date 3.76 11 130 0.0001 
2005 Crop*Date 3.35 63 118 <0.0001 
2006 Crop 1.45 6 48.5 0.2169 
2006 Date 3.37 11 131 0.0004 
2006 Crop*Date 1.51 60 118 0.0294 

 
Table 1-8.  Model statements tested using Proc Mixed in SAS® (SAS Institute 2003) with 
regard to adult green stink bugs caught in pheromone trap samples for 2005 and 2006. 

Year Effect F value Numerator 
df 

Denominator 
df 

P value 

2005 Crop 2.78 6 35.4 0.0257 
2005 Date 2.09 11 129 0.0251 
2005 Crop*Date 2.14 63 116 0.0002 
2006 Crop 3.65 6 35.9 0.0062 
2006 Date 2.73 11 131 0.0033 
2006 Crop*Date 1.15 60 117 0.2586 

 
Table 1-9.  Linear regression analyses of square root transformed adult brown stink bugs 
caught over time for each individual crop in pheromone traps (Significant at P<0.05). 

Year Crop n Slope + SE F P r2 
2005 Corn 27 -0.008 + 0.008 -0.96 0.346 0.036 
2005 Cotton 35 -0.001 + 0.004 -0.20 0.842 0.001 
2005 Cut Over 35 0.0002 + 0.004 0.05 0.964 0.0001 
2005 Peanut 34 0.005 + 0.006 0.92 0.364 0.026 
2005 Soybean 36 -0.023 + 0.006 -3.95 0.0004 0.314 
2005 Weeds 36 0.001 + 0.006 0.20 0.844 0.001 
2005 Wheat/Soybean 34 0.006 + 0.006 0.97 0.337 0.029 
2006 Corn 35 -0.010 + 0.006 -1.65 0.108 0.077 
2006 Cotton 36 -0.012 + 0.008 -1.53 0.136 0.064 
2006 Cut Over 36 -0.015 + 0.005 -2.89 0.007 0.197 
2006 Peanut 36 0.040 + 0.006 6.56 <0.0001 0.559 
2006 Soybean 18 0.013 + 0.013 1.01 0.330 0.059 
2006 Weeds 36 -0.024 + 0.012 -1.90 0.067 0.096 
2006 Wheat/Soybean 31 -0.012 + 0.009 -1.25 0.221 0.051 
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Table 1-10.  Linear regression analyses of square root transformed adult green stink bugs 
caught over time for each individual crop in pheromone traps (Significant at P<0.05). 

Year Crop n Slope + SE F P r2 
2005 Corn 27 -0.005 + 0.004 -1.28 0.211 0.062 
2005 Cotton 35 0.006 + 0.003 1.65 0.109 0.076 
2005 Cut Over 35 -0.0006 + 0.001 -0.45 0.628 0.007 
2005 Peanut 34 0.011 + 0.003 4.02 0.0003 0.335 
2005 Soybean 36 -0.010 + 0.005 -2.06 0.047 0.111 
2005 Weeds 36 0.007 + 0.003 2.08 0.045 0.113 
2005 Wheat/Soybean 34 0.008 + 0.003 2.95 0.006 0.214 
2006 Corn 35 -0.003 + 0.002 -1.43 0.162 0.059 
2006 Cotton 36 -0.018 + 0.005 -3.44 0.002 0.258 
2006 Cut Over 36 -0.005 + 0.002 -1.92 0.063 0.098 
2006 Peanut 36 -0.002 + 0.001 -1.59 0.120 0.070 
2006 Soybean 18 -0.007 + 0.004 -1.77 0.096 0.164 
2006 Weeds 36 -0.007 + 0.003 -2.67 0.012 0.173 
2006 Wheat/Soybean 31 0.0007 + 0.002 0.33 0.746 0.004 

 
Table 1-11.  Simple statistics for major crops found around black light traps for 2005 and 
2006. 

Year Major Crop Number of 
Samples Taken 

Total Number of 
Bugs Caught 

Mean Standard 
Error 

2005 Corn 24 679 28.29 5.06 
2005 Cotton 522 4471 8.57 0.75 
2005 Soybean 69 668 9.68 1.71 
2005 Trees 209 2234 10.69 1.91 
2005 Vegetables 23 688 29.91 5.01 
2006 Corn 35 556 15.89 2.64 
2006 Cotton 332 3273 9.86 0.67 
2006 Pasture 9 9 1.00 0.37 
2006 Soybean 9 121 13.44 0.87 
2006 Tobacco 54 430 7.96 1.45 
2006 Trees 248 1520 6.13 0.57 
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Table 1-12.  Model statements tested using Proc Mixed in SAS® (SAS Institute 2003) with 
regard to adult green stink bugs caught in weekly black light trap samples for 2005 and 2006 
data combined. 

Effect F value Numerator 
df 

Denominator 
df 

P value 

Year 6.20 1 269 0.0134 
Week 8.81 7 269 <0.0001 

Major Crop 2.64 6 269 0.0166 
Week*Major Crop 1.52 27 269 0.0511 

Year*Week*Major Crop 2.04 20 269 0.0062 
 
Table 1-13.  Pearson Correlation Coefficients between each major crop and number of adult 
green stink bugs caught in weekly black light trap samples. 

Major Crop R value R2 value P value 
Corn 0.13584 0.01845 0.0026 

Cotton -0.11624 0.01351 0.0101 
Lake 0.03602 0.00130 0.4268 

Pasture -0.09840 0.00968 0.0296 
Peanut -0.10255 0.01052 0.0233 

Soybean 0.09120 0.00832 0.0438 
Tobacco 0.03773 0.00142 0.4052 

Trees 0.03054 0.00093 0.5005 
Vegetable 0.05506 0.00303 0.2242 
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Table 1-14.  Summary of forward regression selection for non-transformed, log transformed, 
and square root transformed adult green stink bug black light trap data. 
Data transformation Variable Partial R2 

value 
Model R2 

value 
F value P value 

Non-transformed Corn 0.0357 0.0357 9.14 0.0028 
Non-transformed Week (quadratic) 0.0198 0.0555 5.16 0.0240 
Non-transformed Pasture 0.0220 0.0775 5.84 0.0164 
Non-transformed Peanut 0.0151 0.0926 4.07 0.0448 
Log transformed Corn 0.0275 0.0275 6.98 0.0088 
Log transformed Lake 0.0244 0.0519 6.32 0.0126 
Log transformed Pasture 0.0161 0.0680 4.23 0.0407 
Log transformed Week (quadratic) 0.0170 0.0850 4.54 0.0341 

Square Root 
Transformed 

Corn 0.0499 0.0499 12.97 0.0004 

Square Root 
Transformed 

Lake 0.0226 0.0725 5.99 0.0151 

Square Root 
Transformed 

Week (quadratic) 0.0186 0.0910 5.00 0.0262 

Square Root 
Transformed 

Pasture 0.0194 0.1105 5.33 0.0218 

Square Root 
Transformed 

Peanut 0.0155 0.1259 4.30 0.0391 
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Figure 1-1.  Yellow corrugated plastic board pheromone trap with capture cage. 
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Figure 1-2.  Aerial map depicting 366 meter crop area surrounding black light trap. 
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Figure 1-3.  Brown stink bug adult survey sample LS means during the field crop growing 
season, 2004. 
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Figure 1-4.  Brown stink bug adult survey sample LS means during the field crop growing 
season, 2005. 
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Figure 1-5.  Green stink bug adult survey sample LS means during the field crop growing 
season, 2004 and 2005 combined. 
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Figure 1-6.  Brown stink bug nymph survey sample LS means over the field crop growing 
season, 2004 and 2005 combined. 
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Figure 1-7.  Green stink bug nymph survey sample LS means over the field crop growing 
season, 2004. 
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Figure 1-8.  Green stink bug nymph survey sample LS means over the field crop growing 
season, 2005. 
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Figure 1-9.  Brown stink bug adult pheromone trap capture LS means over the field crop 
growing season, 2005. 
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Figure 1-10.  Brown stink bug adult pheromone trap capture LS means over the field crop 
growing season, 2006. 
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Figure 1-11.  Green stink bug adult pheromone trap capture LS means over the field crop 
growing season, 2005. 
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Figure 1-12.  Green stink bug adult pheromone trap capture LS means over the field crop 
growing season, 2006. 
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Figure 1-13.  Green stink bug adult black light trap capture LS means over the field crop 
growing season, 2005. 
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Figure 1-14.  Green stink bug adult black light trap capture LS means over the field crop 
growing season, 2006. 
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Chapter II 
 

Brown Stink Bug, Euschistus servus (Hemiptera: Pentatomidae), Movement within a 
Wheat/Corn Agro-ecosystem 
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Abstract 
 

In 2006 and 2007, adult brown stink bugs recently emerged from overwintering 

habitats were observed colonizing, feeding, and ovipositing within wheat fields in eastern 

North Carolina.  Brown stink bugs were able to complete the F1 generation in wheat before 

wheat harvest.  The F1 generation was then observed to move out of wheat fields into corn 

fields, where distinct edge effects were noted in corn.  Based upon the amount of time in 

degree day units required for the brown stink bug to compete the F1 generation in wheat, we 

predicted (utilizing the sine wave degree day model projected over eight years of historical 

weather data) that three brown stink bug generations may be possible in eastern North 

Carolina. 

Introduction 

 The pest status of the brown stink bug, Euschistus servus (Hemiptera: Pentatomidae), 

continues to increase across the southeastern United States.  This increase has been attributed 

to the adoption of Bt variety crops, the eradication of the boll weevile, Anthonomous grandis 

grandis Boheman, and the subsequent reduction in broad-spectrum insecticide usage (Greene 

and Herzog 1999, Leonard et al. 1999, Roberts 1999).  Stink bugs as a group generally feed 

on “heads” or the fruit of hosts, which includes seeds (McPherson and McPherson 2000).  In 

North Carolina, winter wheat, Triticum aestivum L., is planted in the fall, remains dormant 

through the winter, and resumes growing the following spring.  Wheat is the first field crop 

of the growing season in eastern North Carolina to produce seeds.  Zea mays L., corn, is 

planted in the area during early spring and is the second crop to produce seeds.  Corn and 

wheat ranked third and fourth, respectively, in the number of acres planted in North Carolina 
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for the 2005 and 2006 growing seasons (NCDA 2007).  Commodity prices for wheat and 

corn continue to increase, thus impacting the acreage planted to these crops across North 

Carolina.  With the high number of acres planted to wheat and corn, expansive interfaces 

between the two crops have become common across North Carolina farmscapes.   

 Previous research has demonstrated wheat seed damage from southern green stink 

bug occurs from milk stage through the soft dough stage (Viator et al. 1983).  Research has 

also shown that corn damage from stink bugs can occur both on seedlings and during corn 

ear development (Clower 1958, Townsend and Sedlacek 1986, Negrón and Riley 1987, 

Annan and Bergman 1988, Sedlacek and Townsend 1988, and Apriyanto et al. 1989).   

It has been suggested that brown stink bugs are bivoltine across the southeastern 

United States (McPherson and McPherson 2000).  The green stink bug, Acrosternum hilare 

(Hemiptera: Pentatomidae), reared under lab conditions, required a total of 482.7 degree days 

to complete it’s life cycle with a lower developmental threshold temperature of 18° C and an 

upper developmental threshold temperature of 30° C (Simmons and Yeargan 1988).  

Although Simmons and Yeargan (1988) observed no green stink bug development at 15° C, 

temperatures between 15° C and 18° C on the lower developmental threshold were not tested.  

They also noted that green stink bugs were able to complete their life cycle through the 

fourth instar at 33° C, but could not molt into the adult stage.  No temperatures between 30° 

C and 33° C were examined. Little comparable information on the lifecycle of the brown 

stink bug is available.  

Our objectives in these studies, therefore, were to examine brown stink bug field 

distribution patterns in wheat and corn in relation to wheat / corn interfaces, evaluate the 
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coincidence of brown stink bug development with stages of wheat and corn growth 

susceptible to damage, determine if brown stink bugs can complete a life cycle in wheat 

under North Carolina growing conditions, and predict how many generations are 

theoretically feasible in North Carolina.   

Materials and Methods 

 All field studies were conducted in wheat and corn fields in northeastern North 

Carolina.  In 2006, seven wheat fields and six corn fields were examined for brown stink 

bugs, while five wheat fields and five corn fields were examined in 2007.  Wheat fields were 

directly adjacent to corn fields for both 2006 and 2007 with the exception of one wheat field 

in 2006.  Each field contained three transects approximately 100 meters apart.  Transects 

were sampled at four distances from the field border (~67, 134, 201, and 268 meters).  Each 

wheat sample consisted of 25 sweeps of the heads with a 38.1 centimeter sweep net, while 

each corn sample consisted of 25 whole plant examinations from the top of the plant down to 

the soil surface.  Wheat samples in 2006 began on April 26 and continued through June 21 

and in 2007 the sampling period extended from May 16 through June 27.  These dates 

constitute wheat heading, stage 55 on the Zadok scale (1974), through wheat harvest.  Corn 

samples began on May 24, 2006 and May 16, 2007, or approximately from the third true leaf 

stage or V3 (Special Report No. 48 1997) through July 19, 2006 and July 11, 2007, 

approximately to the milk stage or R3.  Corn sampling ceased once the number of stink bugs 

demonstrated several weeks of decline.  Wheat samples were taken weekly for a total of nine 

weeks in 2006 and seven weeks in 2007.  Corn fields were sampled for a total of nine weeks 

in both 2006 and 2007.  The size of brown stink bugs aids in the determination of growth 
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stage: first nymphal instars range from 1.7 to 1.8 mm in length and a width of 1.3 mm; 

second nymphal instars range from 2.0 to 2.6 mm in length and a width of 1.5 to 2.1 mm; 

third nymphal instars range from 3.4 to 4.5 mm in length and a width of 2.4 to 3.0 mm; 

fourth nymphal instars range from 5.0 to 5.7 mm in length and a width of 3.4 to 4.0 mm; and 

fifth nymphal instars range from 7.0 to 9.8 mm in length and a width of 4.2 to 6.3 mm 

(Decoursey and Esselbaugh 1961).  For this study, brown stink bugs were classified based 

upon their diameters as: “small” nymphs (< 2.5 millimeter), “medium” nymphs (2.5 – 5.5 

millimeter), “large” nymphs (> 5.5 millimeter), and adults.  These nymph size categories 

roughly correspond to first and second instars, third and fourth instars, and fifth instars 

respectively.  Data were analyzed using Proc Mixed in SAS© (SAS Institute 2003) and 

separated through an LSD test using the LS means statement.  The predicted means were 

examined instead of actual means due to missing data points that could impact the results.   

 Once data had been analyzed, the number of accumulated growing degree day units 

were calculated using the sine wave method (Allen 1976 and Higley et al. 1986) for the time 

periods in 2006 and 2007 when stink bugs were observed completing their life cycle in 

wheat.  The sine wave growing degree day model utilizes lower and upper developmental 

thresholds to calculate the accumulation of growing degree day units.  Our experimental 

lower developmental threshold ranged from 15.5° C up to 18° C, while upper developmental 

threshold ranged from 30° C up to 32.5° C.  Once small brown stink bug nymphs were first 

observed in wheat for both 2006 and 2007, an additional 87 degree day units were subtracted 

to accommodate for the amount of time required to develop from egg stage to first instar 

nymphs (Simmons and Yeargan 1988).  Total accumulated growing degree day units were 
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then transposed over eight years of weather data (2000 through 2007) collected from the 

Tidewater Research Station in Plymouth, NC to predict how many theoretical brown stink 

bug generations may have occurred.  Data were analyzed using the DEGDAY model 

(Appendix 1) in SAS© (SAS Institute 2003).  Several different lower and upper 

developmental temperature thresholds were evaluated. 

Results and Discussion 

 Brown stink bug numbers were lower in 2007 than in 2006 (Table 2-1).  Only 439 

adult brown stink bugs were caught in wheat and corn combined during the study in 2007 

compared to 1909 in 2006.  In 2006, 104 small brown stink bug nymphs were collected from 

wheat fields with the highest number occurring on Julian date 151, totaling 65 for the day 

with a mean of 0.7738 per sample (Table 2-1, 2-2, and Figure 2-1).  A total of 242 medium 

sized brown stink bug nymphs were captured in wheat fields in 2006.  The greatest number 

of medium sized brown stink bug nymphs was caught on Julian date 151 with 97 and a mean 

of 1.1548 per sample.  Large sized brown stink bug nymphs caught in wheat in 2006 totaled 

724, with the highest number occurring on Julian date 164.  A total of 498 large sized brown 

stink bug nymphs were caught on that sample date with a mean of 5.9286 per sample.  In 

2006, 1271 adult brown stink bugs were collected through wheat sampling, with a high 

collection of 601 and an LS means of 7.1548 per sample on Julian date 172.   

 Corn produced a total of 638 adult brown stink bugs in 2006.  The highest number 

was caught on Julian date 179 with a total of 241 and an LS means of 3.7687 per sample 

(Table 2-1, 2-2, and Figure 2-1).   
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 In 2007, 42 small sized brown stink bug nymphs were collected from wheat fields 

with the highest number occurring on Julian date 157, totaling 23 for the day with an LS 

means of 0.3822 per sample (Table 2-1, 2-2, and Figure 2-2).  A total of 67 medium sized 

brown stink bug nymphs were captured in wheat fields in 2007.  The greatest number of 

medium sized brown stink bug nymphs was caught on Julian date 157 with 27 and an LS 

means of 0.5872 per sample.  Large sized brown stink bug nymphs caught in wheat in 2007 

totaled 174, with the highest number occurring on Julian date 171.  A total of 93 large sized 

brown stink bug nymphs were caught on that sample date with an LS means of 1.8077 per 

sample.  In 2007, 200 adult brown stink bugs were collected in wheat samples, with a high 

collection of 103 and an LS means of 1.611 per sample on Julian date 171.  Corn produced a 

total of 239 adult brown stink bugs during the duration of the study in 2007.  The highest 

numbers were caught on Julian date 178 with a total of 121 and an LS means of 2.1341 per 

sample (Table 2-1, 2-2, and Figure 2-2). 

 The 2006 data suggest that adult brown stink bugs moved into wheat fields and 

maintained low population levels from Julian date 116, which coincided with wheat heading 

based upon the Zadoks (1974) wheat growth stage scale, through the wheat seed milk stage 

on Julian date 151 (Table 2-1, 2-3, and Figure 2-1).  Adult brown stink bug levels dropped on 

Julian date 158 before reaching their peak on Julian date 172 when kernels were turning hard 

just prior to wheat harvest.  Small sized brown stink bug nymphs were first detected on 

Julian date 144 during the wheat seed milk stage and increased to their highest levels the 

following week before dropping to lower levels on Julian date 158.  Medium sized brown 

stink bug nymphs were first detected on Julian date 151 when wheat seed were starting the 
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dough stage.  This was the highest level of medium sized brown stink bug nymphs before a 

gradual decrease occurred through wheat harvest.  Small and medium sized brown stink bug 

nymph peaks both occurred on the same sample date.  Large sized brown stink bug nymphs 

were first detected on Julian date 144, late wheat seed milk stage, and peaked on Julian date 

164 before decreasing slightly prior to wheat harvest.  The peak of large sized brown stink 

bug nymphs occurred approximately two weeks after the small and medium sized brown 

stink bug nymph peaks (Tables 2-1, 2-2, and Figure 2-1).  Approximately one week 

following the peak in large sized brown stink bug nymphs, the highest peak of adult brown 

stink bugs in wheat occurred, just prior to wheat harvest.  Adult brown stink bugs in corn 

were first detected at low levels starting on Julian date 144 when the corn was in the V3 

(Special Report No. 48 1997) growth stage (Table 2-1, 2-4, and Figure 2-1).  Increases in 

adult brown stink bug levels in corn were noted on Julian date 172 when corn was in the V15 

growth stage, which coincided with the matured wheat.  As the wheat was harvested on 

Julian date 179, adult brown stink bugs in corn reached their highest peak before exhibiting a 

gradual decline until sampling stopped at the corn R3 growth stage (Tables 2-1, 2-4, and 

Figure 2-1). 

 The 2007 data showed that adult brown stink bugs moved into wheat fields and 

maintained low population levels from Julian date 136, which coincided with the beginning 

of the wheat seed milk stage based upon the Zadoks (1974) wheat growth stage scale (Table 

2-1, 2-3, and Figure 2-2).  Adult brown stink bug levels peaked on Julian date 171 when 

kernels were turning hard just prior to wheat harvest.  Small sized brown stink bug nymphs 

were first detected on Julian date 150 during the wheat seed late milk stage and increased to 
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their highest levels the following week before dropping to low levels for the remainder of the 

wheat sample dates.  Medium sized brown stink bug nymphs were first detected on Julian 

date 143 when wheat seeds entered the milk stage.  Levels of medium sized brown stink bug 

nymphs peaked on Julian date 157, at the beginning of the wheat seed dough stage, before a 

gradual decrease occurred through wheat harvest.  Small- and medium- sized brown stink 

bug nymph peaks both occurred on the same sample date, Julian date 157.  Large sized 

brown stink bug nymphs were first detected on Julian date 150, at the late milk stage of 

wheat seed, and peaked on Julian date 171 and then decreased before wheat harvest.  The 

peak of large sized brown stink bug nymphs occurred approximately two weeks after the 

small and medium sized brown stink bug nymph peaks (Tables 2-1, 2-2, and Figure 2-2).  

The peak number of  adult brown stink bugs and large sized brown stink bug nymphs 

occurred on the same sample date, Julian date 171, just prior to wheat harvest.  Adult brown 

stink bugs in corn were first detected at low levels starting on Julian date 150 when the corn 

was in the V5 (Special Report No. 48 1997) growth stage (Table 2-1, 2-4, and Figure 2-2).  

Increases in adult brown stink bugs in corn were noted on Julian date 171 when corn was in 

the V11 growth stage, which coincided with the matured wheat.  As the wheat was harvested 

the following week, Julian date 178, adult brown stink bugs in corn reached their highest 

peak before gradually declining over the following weeks until sampling stopped at the corn 

R2 growth stage (Tables 2-1, 2-4, and Figure 2-1).  The peak of each developmental stink 

bug growth stage matched up very well between sample dates in 2006 and 2007.  The timing 

of when each stink bug developmental stage was present on defined host crop phenologies 
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matched up as well between each sample date in 2006 and 2007 (Tables 2-1, 2-2, 2-3, 2-4, 

and Figure 2-1 and 2-2). 

 In 2006, “sampling distance into wheat fields” was only significant for small sized 

brown stink bug nymphs on Julian date 151 and adult brown stink bugs on Julian date 172 

(Table 2-5).  On Julian date 151, the greatest numbers of small sized brown stink bug 

nymphs in wheat were collected 134 meters into the field followed by 67, 268, and 201 

meters respectively (Table 2-7).  On Julian date 245308, the greatest numbers of adult brown 

stink bugs in wheat were collected 268 meters into the field followed by 134, 201, and 67 

meters respectively (Table 2-7).  In 2006, “sampling distance into the corn field” was only 

significant for adult brown stink bugs on two Julian dates, 172 and 179 (Table 2-5).  On 

Julian date 172, the greatest numbers of brown stink bugs in corn were collected 134 meters 

into the field followed by 67 and 201 meters, and lastly, 268 meters (Table 2-7).  On Julian 

date 179, the greatest numbers of adult brown stink bugs in corn were collected 67 meters 

into the field followed by 134, 268, and 201 meters respectively (Table 2-7).  In 2007, 

sampling distance into wheat fields was significant for small sized brown stink bug nymphs 

on Julian date 157 with the greatest numbers collected 134 meters followed by 268, 201, and 

67 meters respectively (Table 2-6 and 2-7).  In 2007, sampling distance into the corn field 

was only significant for adult brown stink bugs on Julian date 185 with the greatest numbers 

collected 67 meters followed by 134 and 268 meters, and lastly 201 meters (Table 2-6 and 2-

7).   

 Small sized brown stink bug nymphs were first observed in wheat fields on Julian 

date 144 (5/24/2006) and 2454248 (5/27/2007) (Table 2-8).  Brown stink bugs were able to 
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complete the F1 generation in wheat and newly eclosed adults were observed on Julian date 

172 (6/21/2006) and 171 (6/20/2007). In 2006, 224.1 growing degree days (based upon the 

sine wave method) were required for the brown stink bug to go from small sized nymphs to 

adults, while in 2007, only 204.4 growing degree days were needed to go from small sized 

brown stink bug nymphs to adults.  In order to predict how many growing degree days are 

required for brown stink bugs to develop from the egg stage to adults, 87 additional growing 

degree day units were added to those observed in 2006 and 2007 for a total of 311.1 and 

291.4 respectively (Table 2-8).  The additional 87 growing degree day units were based upon 

the number of growing degree day units that Simmons and Yeargan (1988) observed for 

green stink bug eggs to hatch under lab conditions.  Our estimated heat unit requirement for 

brown stink bug development under field conditions is lower than that observed for green 

stink bugs under lab conditions (Simmons and Yeargan 1988). 

 The number of brown stink bug generations per year as predicted by the sine wave 

degree day model varied greatly depending upon the lower and upper developmental 

temperature threshold levels utilized (Table 2-9).  Based upon data from 2006 and 2007, the 

number of growing degree day units with a 50° F base required for brown stink bugs to 

complete their life cycle was approximately 300 (Table 2-8).  Utilizing 300 growing degree 

day units as the amount of time brown stink bugs required to complete a generation, all 

models predicted at least two brown stink bug generations per year based on historical 

weather data from 2000 through 2007.  Only two brown stink bug generations were predicted 

for all eight years when the lower developmental threshold was held at 18° C and the upper 

developmental threshold levels ranged from 30° C up to 33° C (Table 2-9).  When the upper 
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developmental threshold was held at 30° C and the lower developmental threshold levels 

were decreased starting at 17.5° C through 15.5° C, an additional generation per year was 

predicted (Table 2-9).  As the lower and upper developmental thresholds were adjusted 

simultaneously, with the lower developmental threshold ranging from 16° C through 17.5° C 

and the upper developmental threshold ranging from 30.5° C up to 32.5° C, three brown stink 

bugs generations per year were predicted (Table 2-9). 

Conclusion 
 
 The 2006 and 2007 data suggested that brown stink bug ecology appeared to be fairly 

consistent across years with respect to infestation patterns, generation cycles, and appearance 

and development during specific host crop phenologies.  The 2007 brown stink bug 

population was adversely impacted by a late spring freeze across eastern North Carolina that 

is thought to have lowered population levels compared to those observed in 2006.  The data 

showed that adult brown stink bugs colonized, fed, and oviposited randomly throughout the 

entire wheat field during early spring.  Overwintered adult populations appeared to have died 

off, coincident with the emergence of first stage nymphs observed feeding on developing 

wheat seeds.  The brown stink bug was able to complete the F1 generation within wheat 

fields before wheat harvest occurred.  Low levels of adult brown stink bugs were observed 

moving gradually into corn until the wheat was harvested, at which time brown sink bug 

movement into corn increased dramatically.  This increase in numbers of brown stink bugs in 

corn coincident with wheat harvest, along with the observation of an edge effect suggest that 

the source of brown stink bugs in corn was indeed adjacent wheat.   
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 Based upon data demonstrating the ability of brown stink bugs to complete the F1 

generation in wheat and the calculated number of degree days required, three generations per 

year were theoretically possible in eastern North Carolina from 2000 through 2007.  These 

predictions were based upon the following assumptions: 1) the lower and upper 

developmental thresholds for brown stink bugs were sufficient enough to allow three 

generations to occur, 2) sexual maturity is reached as soon as or shortly following eclosion to 

adult, 3) most of the small sized nymphs observed in the fields were newly eclosed first 

instars, 4) all host plants utilized by brown stink bugs provided similar nutritional values 

allowing a constant developmental rate, and 5) food sources utilized by brown stink bugs 

were available long enough for the completion of the F3 generation.  Since our range of 

small nymphs included both first and second instars, a few additional degree units may need 

to be added to the model to account for the variability in our “small nymphs” category.  

Based upon the predictions of the sine wave degree day model, it appeared that when three 

brown stink bug generations were predicted to have occurred, food sources were still 

available in eastern North Carolina in the form of late planted soybeans and wild hosts.  The 

other assumptions require additional investigation. 
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Table 2-1.  Number of brown stink bugs occurring at different growth stages caught on each 
sample date in wheat (25 sweeps/sample) and corn (25 plants/sample) for 2006 and 2007. 

Date 
Julian 
date 

Small 
nymphs 

in 
wheat 

Medium 
nymphs 

in 
wheat 

Large 
nymphs 

in 
wheat 

Adults 
in 

wheat 

Adults 
in 

corn 
4/26/2006 116 0 0 0 84 . 
5/2/2006 122 0 0 0 63 . 
5/11/2006 131 0 0 0 107 . 
5/17/2006 137 0 0 0 74 . 
5/24/2006 144 23 0 1 131 5 
5/31/2006 151 65 97 6 47 18 
6/7/2006 158 7 78 61 14 9 
6/13/2006 164 8 44 498 150 11 
6/21/2006 172 1 23 158 601 117 
6/28/2006 179 . . . . 241 
7/5/2006 186 . . . . 121 
7/13/2006 194 . . . . 70 
7/19/2006 200 . . . . 46 

2006 Totals  104 242 724 1271 638 
5/16/2007 136 0 0 0 2 0 
5/23/2007 143 0 2 0 9 0 
5/30/2007 150 17 19 7 6 3 
6/6/2007 157 23 27 11 11 2 
6/13/2007 164 0 5 49 33 2 
6/20/2007 171 2 13 93 103 19 
6/27/2007 178 0 1 14 36 121 
7/4/2007 185 . . . . 70 
7/11/2007 192 . . . . 22 

2007 Totals  42 67 174 200 239 
Grand Totals   146 309 898 1471 877 
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Table 2-2.  LS means of brown stink bugs at different growth stages per sample (25 
sweeps/sample in wheat or 25 whole plant inspections/sample in corn) on each sample date 
for 2006 and 2007. 

Date Julian date 

Small 
nymphs in 

wheat 

Medium 
nymphs in 

wheat 

Large 
nymphs in 

wheat 
Adults 

in wheat 
Adults 
in corn 

4/26/2006 116 0 0 0 1.2651 0 
5/2/2006 122 0 0 0 0.9425 0 
5/11/2006 131 0 0 0 1.2738 0 
5/17/2006 137 0 0 0 0.881 0 
5/24/2006 144 0.2738 0 0.0119 1.5595 0.2799 
5/31/2006 151 0.7738 1.1548 0.07143 0.5595 0.4965 
6/7/2006 158 0.08333 0.9286 0.7262 0.1667 0.3465 
6/13/2006 164 0.09524 0.5238 5.9286 1.7857 0.3799 
6/21/2006 172 0.0119 0.2738 1.881 7.1548 2.1465 
6/28/2006 179 0 0 0 0 3.7687 
7/5/2006 186 0 0 0 0 1.9423 
7/13/2006 194 0 0 0 0 0.9938 
7/19/2006 200 0 0 0 0 0.6569 
5/16/2007 136 0 0 0 0 0 
5/23/2007 143 0 0.1372 0 0 0 
5/30/2007 150 0.2822 0.4539 0.3743 0 0.1674 
6/6/2007 157 0.3822 0.5872 0.441 0.0777 0.1508 
6/13/2007 164 0 0.2206 1.0743 0.4444 0.1508 
6/20/2007 171 0.03216 0.3539 1.8077 1.611 0.5734 
6/27/2007 178 0 0.1539 0.491 0.4944 2.1341 
7/4/2007 185 0 0 0 0 1.2841 
7/11/2007 192 0 0 0 0 0.4841 
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Table 2-3.  Wheat plant development and growth stage for each sample date based upon the 
Zadoks scale (1974). 

Date  Julian date 
Zadoks scale 

average General description 
4/26/2006 116 55 1/2 of head emerged 
5/2/2006 122 58.5 3/4 of head emerged 
5/11/2006 131 64 Flowering is almost 1/2 complete 
5/17/2006 137 71 Kernel is watery 
5/24/2006 144 77 Late milk stage 
5/31/2006 151 80 Beginning of dough stage 
6/7/2006 158 85 Soft dough stage 
6/13/2006 164 87 Hard dough stage 
6/21/2006 172 92 Kernel is hard 
5/16/2007 136 70 Beginning of milk stage 
5/23/2007 143 73 Early milk stage 
5/30/2007 150 77 Late milk stage 
6/6/2007 157 80 Beginning of dough stage 
6/13/2007 164 86 Soft dough stage 
6/20/2007 171 91 Kernel is hard 
6/27/2007 178 93 Kernel loosening in daytime 
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Table 2-4.  Corn plant development and growth stage for each sample date based upon the 
Iowa State growth scale (1997). 

Date  Julian date 
Growth stage 

average General description 
5/24/2006 144 V3 3 visible leaf collars 
5/31/2006 151 V5 5 visible leaf collars 
6/7/2006 158 V8 8 visible leaf collars 
6/13/2006 164 V10 10 visible leaf collars 

6/21/2006 172 V15 
15 visible leaf collars, number of kernels 
is being determined at this time 

6/28/2006 179 V17 
17 visible leaf collars, plant stress at this 
time can reduce grain yield 

7/5/2006 186 R1 

Silks appear and pollination begins, 
largest yield reduction can occur at this 
time due to plant stress 

7/13/2006 194 R2 
Kernels appear as little white blisters, 
starch is just beginning to accumulate 

7/19/2006 200 R3 
Kernels begin to yellow on the outside, 
but inside they contain a milky white fluid 

5/16/2007 136 V2 2 visible leaf collars 
5/23/2007 143 V3 3 visible leaf collars 
5/30/2007 150 V5 5 visible leaf collars 
6/6/2007 157 V7 7 visible leaf collars 
6/13/2007 164 V9 9 visible leaf collars 
6/20/2007 171 V11 11 visible leaf collars 

6/27/2007 178 V14 
14 visible leaf collars, number of kernels 
is being determined at this time 

7/4/2007 185 R1 

Silks appear and pollination begins, 
largest yield reduction can occur at this 
time due to plant stress 

7/11/2007 192 R2 
Kernels appear as little white blisters, 
starch is just beginning to accumulate 
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Table 2-5.  Significance of sample distance into the field for 2006 (P-value <0.05). 
Julian date Small 

nymphs in 
wheat 

Medium 
nymphs in 

wheat 

Large 
nymphs in 

wheat 

Adults in 
wheat 

Adults in 
corn 

116 1.0000 1.0000 1.0000 0.8340 . 
122 1.0000 1.0000 1.0000 0.8383 . 
131 1.0000 1.0000 1.0000 0.4071 . 
137 1.0000 1.0000 1.0000 0.9915 . 
144 0.3241 1.0000 0.9995 0.8749 0.9842 
151 0.0308 0.1318 0.9924 0.8855 0.7530 
158 0.2596 0.0853 0.5986 0.9886 0.9431 
164 0.6511 0.1452 0.6222 0.6475 0.9842 
172 0.9768 0.0996 0.2415 <0.0001 0.0097 
179 . . . . <0.0001 
186 . . . . 0.5211 
194 . . . . 0.3513 
200 . . . . 0.3959 

 
Table 2-6.  Significance of sample distance into the field for 2007 (P-value <0.05). 

Julian date Small 
nymphs in 

wheat 

Medium 
nymphs in 

wheat 

Large 
nymphs in 

wheat 

Adults in 
wheat 

Adults in 
corn 

136 1.0000 1.0000 1.0000 0.9994 1.0000 
143 1.0000 0.9900 1.0000 0.9955 1.0000 
150 0.1836 0.6391 0.9870 0.9651 0.9842 
157 <0.0001 0.5893 0.9794 0.9790 0.9820 
164 1.0000 0.7453 0.8815 0.8994 0.9820 
171 0.9429 0.6912 0.6609 0.8367 0.8613 
178 1.0000 0.9935 0.9160 0.8258 0.0560 
185 . . . . 0.0334 
192 . . . . 0.8630 
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Table 2-7.  LS means of stink bugs at different distances into fields when distance was 
significant at P-value <0.05. 

Julian date Stink bug 
size 

Crop 67 
meters 

134 
meters 

201 
meters 

268 
meters 

151 Small 
Nymphs 

Wheat 0.8571 0.9524 0.6190 0.6667 

172 Adults Wheat 5.7143 7.1429 6.6190 9.1429 
172 Adults Corn 1.9965 2.9299 1.9965 1.6632 
179 Adults Corn 5.2834 4.2834 2.6364 2.8717 
157 Small 

Nymphs 
Wheat 0.1330 0.7976 0.2644 0.3336 

185 Adults Corn 1.9841 1.1174 0.9174 1.1174 
 
Table 2-8.  Predicted and observed dates and growing degree days accumulated during 
completion of the F1 brown stink bug generation in wheat for 2006 and 2007. 

 2006  2007  
 date Julian date Julian 

Predicted egg 
lay 

5/1 121 5/5 125 

Observed small 
sized nymphs 

5/24 144 5/27 147 

Observed adults 6/21 172 6/20 171 
Accumulated 
degree days at 

50° F base 

311.1  291.4  
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Table 2-9.  Sine wave growing degree day model predictions of the number of brown stink 
bug generations based on historical weather data utilizing lower and upper developmental 
temperature thresholds. 

 Year 

Lower 
temperature 

threshold 
(°C) 

Upper 
temperature 

threshold 
(°C) 

F1 
generation 
start date 

(month/day) 

F1 generation 
completion 

date 
(month/day) 

F2 generation 
completion 

date 
(month/day) 

F3 generation 
completion 

date 
(month/day) 

2000 18 30 5/3 6/23 8/3 . 
2001 18 30 5/3 6/28 8/10 . 
2002 18 30 5/3 6/27 8/6 . 
2003 18 30 5/3 7/1 8/9 . 
2004 18 30 5/3 6/19 7/27 . 
2005 18 30 5/3 7/4 8/7 . 
2006 18 30 5/3 7/2 8/6 . 
2007 18 30 5/3 7/5 8/11 . 
2000 17.5 30 5/3 6/21 7/30 . 
2001 17.5 30 5/3 6/25 8/5 . 
2002 17.5 30 5/3 6/25 8/2 . 
2003 17.5 30 5/3 6/28 8/3 . 
2004 17.5 30 5/3 6/17 7/23 . 
2005 17.5 30 5/3 7/1 8/3 9/6 
2006 17.5 30 5/3 6/29 8/2 . 
2007 17.5 30 5/3 7/1 8/7 . 
2000 17 30 5/3 6/19 7/25 . 
2001 17 30 5/3 6/22 7/29 . 
2002 17 30 5/3 6/22 7/29 . 
2003 17 30 5/3 6/26 7/30 . 
2004 17 30 5/3 6/15 7/18 8/26 
2005 17 30 5/3 6/29 7/29 8/30 
2006 17 30 5/3 6/26 7/29 . 
2007 17 30 5/3 6/28 8/3 9/6 
2000 16.5 30 5/3 6/17 7/20 9/1 
2001 16.5 30 5/3 6/20 7/25 8/28 
2002 16.5 30 5/3 6/20 7/26 8/26 
2003 16.5 30 5/3 6/24 7/26 8/27 
2004 16.5 30 5/3 6/12 7/14 8/19 
2005 16.5 30 5/3 6/26 7/25 8/24 
2006 16.5 30 5/3 6/24 7/25 8/25 
2007 16.5 30 5/3 6/26 7/30 8/29 
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Table 2-9 (continued).   
2000 16 30 5/3 6/15 7/17 8/17 
2001 16 30 5/3 6/17 7/21 8/22 
2002 16 30 5/3 6/17 7/19 8/22 
2003 16 30 5/3 6/20 7/22 8/22 
2004 16 30 5/3 6/10 7/11 8/12 
2005 16 30 5/3 6/24 7/22 8/19 
2006 16 30 5/3 6/22 7/22 8/19 
2007 16 30 5/3 6/24 7/26 8/24 
2000 15.5 30 5/3 6/13 7/12 8/11 
2001 15.5 30 5/3 6/15 7/17 8/17 
2002 15.5 30 5/3 6/15 7/17 8/17 
2003 15.5 30 5/3 6/18 7/19 8/17 
2004 15.5 30 5/3 6/8 7/8 8/5 
2005 15.5 30 5/3 6/21 7/19 8/15 
2006 15.5 30 5/3 6/20 7/18 8/15 
2007 15.5 30 5/3 6/21 7/21 8/19 
2000 18 30.5 5/3 6/23 8/3 . 
2001 18 30.5 5/3 6/28 8/9 . 
2002 18 30.5 5/3 6/27 8/5 . 
2003 18 30.5 5/3 7/1 8/8 . 
2004 18 30.5 5/3 6/19 7/27 . 
2005 18 30.5 5/3 7/4 8/6 . 
2006 18 30.5 5/3 7/2 8/5 . 
2007 18 30.5 5/3 7/5 8/10 . 
2000 18 31 5/3 6/22 8/2 . 
2001 18 31 5/3 6/28 8/8 . 
2002 18 31 5/3 6/26 8/4 . 
2003 18 31 5/3 7/1 8/7 . 
2004 18 31 5/3 6/19 7/26 . 
2005 18 31 5/3 7/4 8/6 . 
2006 18 31 5/3 7/2 8/4 . 
2007 18 31 5/3 7/4 8/10 . 
2000 18 31.5 5/3 6/22 8/1 . 
2001 18 31.5 5/3 6/28 8/8 . 
2002 18 31.5 5/3 6/26 8/4 . 
2003 18 31.5 5/3 6/30 8/7 . 
2004 18 31.5 5/3 6/19 7/26 . 
2005 18 31.5 5/3 7/4 8/5 . 
2006 18 31.5 5/3 7/2 8/4 . 
2007 18 31.5 5/3 7/4 8/9 . 
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Table 2-9 (continued).   
2000 18 32 5/3 6/22 8/1 . 
2001 18 32 5/3 6/28 8/8 . 
2002 18 32 5/3 6/26 8/3 . 
2003 18 32 5/3 6/30 8/7 . 
2004 18 32 5/3 6/19 7/26 . 
2005 18 32 5/3 7/4 8/5 . 
2006 18 32 5/3 7/2 8/4 . 
2007 18 32 5/3 7/4 8/9 . 
2000 18 32.5 5/3 6/21 7/31 . 
2001 18 32.5 5/3 6/28 8/8 . 
2002 18 32.5 5/3 6/26 8/3 . 
2003 18 32.5 5/3 6/30 8/6 . 
2004 18 32.5 5/3 6/19 7/26 . 
2005 18 32.5 5/3 7/4 8/5 . 
2006 18 32.5 5/3 7/2 8/4 . 
2007 18 32.5 5/3 7/4 8/9 . 
2000 18 33 5/3 6/21 7/31 . 
2001 18 33 5/3 6/28 8/8 . 
2002 18 33 5/3 6/26 8/2 . 
2003 18 33 5/3 6/30 8/6 . 
2004 18 33 5/3 6/19 7/26 . 
2005 18 33 5/3 7/4 8/5 . 
2006 18 33 5/3 7/2 8/4 . 
2007 18 33 5/3 7/4 8/9 . 
2000 16 31 5/3 6/15 7/15 8/15 
2001 16 31 5/3 6/17 7/20 8/20 
2002 16 31 5/3 6/17 7/18 8/20 
2003 16 31 5/3 6/20 7/22 8/21 
2004 16 31 5/3 6/10 7/10 8/11 
2005 16 31 5/3 6/23 7/21 8/18 
2006 16 31 5/3 6/22 7/21 8/18 
2007 16 31 5/3 6/23 7/25 8/22 
2000 16.5 31.5 5/3 6/16 7/18 8/30 
2001 16.5 31.5 5/3 6/20 7/24 8/26 
2002 16.5 31.5 5/3 6/19 7/24 8/24 
2003 16.5 31.5 5/3 6/23 7/25 8/26 
2004 16.5 31.5 5/3 6/12 7/13 8/17 
2005 16.5 31.5 5/3 6/26 7/24 8/22 
2006 16.5 31.5 5/3 6/24 7/24 8/23 
2007 16.5 31.5 5/3 6/25 7/28 8/26 
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Table 2-9 (continued). 
2000 16 32 5/3 6/14 7/14 8/13 
2001 16 32 5/3 6/17 7/19 8/19 
2002 16 32 5/3 6/16 7/18 8/19 
2003 16 32 5/3 6/20 7/21 8/20 
2004 16 32 5/3 6/10 7/10 8/10 
2005 16 32 5/3 6/23 7/21 8/17 
2006 16 32 5/3 6/22 7/21 8/17 
2007 16 32 5/3 6/23 7/24 8/21 
2000 16.5 32.5 5/3 6/16 7/18 8/29 
2001 16.5 32.5 5/3 6/20 7/24 8/25 
2002 16.5 32.5 5/3 6/19 7/23 8/23 
2003 16.5 32.5 5/3 6/23 7/25 8/25 
2004 16.5 32.5 5/3 6/11 7/13 8/17 
2005 16.5 32.5 5/3 6/26 7/24 8/21 
2006 16.5 32.5 5/3 6/24 7/24 8/22 
2007 16.5 32.5 5/3 6/25 7/28 8/26 
2000 17.5 30.5 5/3 6/20 7/29 . 
2001 17.5 30.5 5/3 6/25 8/4 . 
2002 17.5 30.5 5/3 6/24 8/1 . 
2003 17.5 30.5 5/3 6/28 8/3 . 
2004 17.5 30.5 5/3 6/17 7/22 . 
2005 17.5 30.5 5/3 7/1 8/2 9/4 
2006 17.5 30.5 5/3 6/29 8/1 . 
2007 17.5 30.5 5/3 6/30 8/7 . 
2000 17 32.5 5/3 6/17 7/21 . 
2001 17 32.5 5/3 6/22 7/27 8/31 
2002 17 32.5 5/3 6/21 7/27 8/27 
2003 17 32.5 5/3 6/26 7/29 . 
2004 17 32.5 5/3 6/14 7/17 8/23 
2005 17 32.5 5/3 6/28 7/27 8/27 
2006 17 32.5 5/3 6/26 7/28 8/28 
2007 17 32.5 5/3 6/28 8/1 9/1 
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Figure 2-1.  2006 LS means of brown stink bugs at different growth stages per sample in 
wheat and corn over time. 
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Figure 2-2.  2007 LS means of brown stink bugs at different growth stages per sample in 
wheat and corn over time. 
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Chapter III 
 

Vertical Distribution of Brown Stink Bug, Euschistus servus (Hemiptera: 
Pentatomidae), on Corn, Zea mays, Plants 
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Abstract 
 
 In 2004, 2006, and 2007, whole corn plants were divided into three vertical zones: ear 

zone, which included the corn ear, corn ear leaf, one leaf above the corn ear, one leaf below 

the corn ear, and all corresponding stalk area within this zone; upper zone, included all leaves 

and stalk from the tip of the tassel down to the ear zone; and lower zone, included all leaves 

and stalk from the soil surface up to the corn ear zone.  The number of adult brown stink 

bugs found within each zone was recorded.  Significantly more adult brown stink bugs are 

found within the ear zone than the rest of the plant.  In 2008, the time to complete both the 

whole corn plant sample and ear zone sample were compared.  Results indicate that it takes 

twice as long to complete a whole corn plant sample than an ear zone sample. 

Introduction 
 
 The pest status of the brown stink bug, Euschistus servus (Hemiptera: Pentatomidae), 

continues to increase across the southeastern United States.  In cotton, this increase has been 

attributed to the adoption of Bt crops, reduction in broad-spectrum insecticide usage, and 

eradication of the boll weevil, Anthonomous grandis grandis Boheman (Greene and Herzog 

1999, Leonard et al. 1999, Roberts 1999).  Additionally, brown stink bugs feed on grass 

plants, and the more widespread culture of winter wheat, Triticum aestivum, appears to be a 

competent early season host for the insect (Van Duyn, personal com.).  Increasingly, corn, 

Zea mays L., producers have reported suffering yield losses due to brown stink bug feeding, 

especially in corn fields adjacent or near to winter wheat fields, which newly eclosed first 

generation adults leave as they reach maturity.  In order to reduce corn yield losses, 

producers often utilize an integrated pest management (IPM) approach.  IPM relies on a four-
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tiered system, which includes efforts to prevent pest problems, monitoring and identifying 

pests, application of thresholds, and implementing pest control tactics (US EPA 2007).  

Monitoring corn fields for insect pest populations can be tedious, time consuming, and 

costly, especially if the technique requires examination after the seedling stage, when the 

plants are relatively tall, and if the upper reaches of the plant must be inspected.  Knowledge 

of a pest’s distribution within the plant may greatly simplify the scouting process.  If brown 

stink bugs prefer to feed on certain areas of the corn plant, scouting may be much more 

efficient by focusing on a specific zone of the corn plant to identify the presence or absence 

of brown stink bugs.  In this study, we examined the distribution of brown stink bugs on field 

corn plant and the time differences between whole corn plant and corn zone sampling. 

Materials and Methods 
 

In 2004, 2006, and 2007, whole corn plants were inspected for the presence of brown 

stink bug adults and nymphs.  Each whole corn plant was divided into three vertical zones: 

(1) the ear zone (including the ear, ear leaf, one leaf above the ear, one leaf below the ear, 

and the stalk within the ear zone), (2) upper zone (including all leaves and stalk from the tip 

of the tassel down to the ear zone), and (3) lower zone (included all leaves and stalk from the 

soil surface up to the corn ear zone).  Three transects were established in each corn field each 

year.  Corn fields were sampled by making sampling stops at various distances into the field 

and executing 25 consecutive whole plant samples.  The number of brown stink bugs found 

within each vertical zone (the ear, upper, and lower zone) was recorded.  In 2004, samples 

were taken five distances (~31, 110, 183, 256, and 274 meters) from the field edge within 

one field that was sampled on a single date for a total of 375 plants.  In 2006, samples were 
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taken four distances (~91, 183, 274, and 366 meters) from the field edge within six fields that 

were sampled on three dates for a total of 5400 plants.  In 2007, samples were taken four 

distances (~91, 183, 274, and 366 meters) from the field edge within five fields that were 

sampled twice for a total of 3,000.  Altogether, 8775 plants were sampled.  On the single 

2004 sample date, corn was in the R3 (milk) stage according to Special Report No. 48 

(1997).  In 2006, plants ranged from R1 (silking) stage through R3 during the three sample 

dates.  In 2007, plants ranged form the R1 through R2 (blister) stage during the two sample 

dates. The data were analyzed using Proc GLM in SAS® (SAS Institute 2003) and mean 

numbers of adult brown stink bugs per corn plant zone were separated through an LSD test 

(Table 3-1).  In 2008, a time component was added to the study to gain a better 

understanding of the amount of time required to sample stink bugs in corn.  Two sampling 

methods were examined in R3 stage corn, whole corn plant samples and ear zone samples.  

Each sampling technique consisted of 25 consecutive corn plants sampled and the amount of 

time in seconds was recorded.  This procedure was repeated 16 times for each sampling 

technique for a total of 400 plants sampled per technique.  Data were analyzed Proc GLM in 

SAS® (SAS Institute 2003) and mean number of seconds per 25 corn plant samples for each 

sampling technique were separated through an LSD test (Table 3-2).  The predicted means 

were examined instead of actual means due to missing data points that could impact the 

results.   

Results and Discussion 
 
 During the three year study, no brown stink bug nymphs were observed on the corn 

plants examined.  However, a total of 299 adult brown stink bugs were observed during the 
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course of this study.  Data analysis showed that significant differences occurred between the 

different vertical corn plant zones (F = 55.37; df = 2, 548; P = <0.0001).  Significantly more 

bugs were found in the ear zone (x=0.60/ plant) than in the upper zone (x=0.21/plant) or the 

lower zone (x=0.11) (Table 3-1).  Brown stink bug adults appear to have a clear preference 

for the ear zone, where they feed on the developing grain.  

 Once data demonstrated that adult brown stink bugs preferred the ear zone over the 

other parts of the corn plant, the ear zone sampling technique was then compared to whole 

corn plant samples.  Data indicate the amount of time required to sample corn plants can be 

reduced by over half utilizing the ear zone sampling (Table 3-2).  Therefore, field scouts 

examining corn for the presences of adult brown stink bugs can more effectively utilize their 

time by examining the ear zone.  

Conclusion 
 
 Field scouts monitoring corn fields for adult brown stink bugs should focus their 

search on the corn ear zone, including one leaf above the primary ear leaf, one leaf below the 

primary ear leaf, and all stalk corresponding to this zone.  Limiting scouting efforts for adult 

brown stink bugs to this corn ear zone has been shown to lead to a reduction in the amount of 

time required to effectively scout corn fields.  This may ultimately increase the effectiveness 

of corn field scouts by focusing there attention to the area of the corn plant where adult 

brown stink bugs are prone to be and reduce the amount of time required for each sample. 
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 Table 3-1.  Total number of adult brown stink bugs detected in 2004, 2006, and 2007, along 
with the mean number of adult brown stink bugs detected per corn plant, standard deviation, 
and mean separation at three different corn plant zones (alpha = 0.05, df = 418, t value = 
1.97). 

Corn zone Total number of adult 
brown stink bugs 

Adult brown 
stink bug mean 

Standard 
deviation 

LSD  

Ear zone 194 0.60 0.95 A 
Above ear zone 69 0.21 0.53 B 
Below ear zone 36 0.11 0.37 C 

 
Table 3-2.  Time comparison between whole corn plant samples and ear zone samples 
reported as the average number of seconds required to sample 25 consecutive corn plants in 
2008 (alpha = 0.05, df = 15, t value = 2.13, LSD = 49.68). 
Sampling method Mean number of seconds 

required to sample 25 
consecutive corn plants 

Standard 
deviation 

LSD  

Whole corn plant 644.4 117.2 A 
Corn ear zone 281.5 53.1 B 
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Chapter IV 
 

Relationship between External Stink Bug Boll-Feeding Symptoms to Internal Boll 
Damage with Respect to Lint Gin-Out and Quality 
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Abstract 
 
 Cotton bolls from seventeen field locations in northeastern North Carolina and 

southeastern Virginia, having 20% or greater in-field stink bug boll damage, were studied to 

determine the relationship between external stink bug feeding signs on bolls versus stink bug 

damage within the bolls.  During the seasons of 2006 and 2007, two cohorts of 100 bolls 

were sampled at each field location.  The first cohort was removed as bolls reached 

approximately quarter-size (2.4 cm), the usual size selected for commercial stink bug 

scouting in cotton.  Bolls of the first cohort were removed from the plant and external and 

internal symptoms of stink bug feeding (e.g. outer sunken lesions, internal punctures, warts, 

lint stain, destroyed locks) were assessed and tabulated in the laboratory.  At the same time 

the first cohort was collected, a second cohort of quarter-sized bolls was identified, tagged, 

and examined on the plant for external sunken lesions; this cohort remained on the plant until 

the black seed coat stage (maturity) and then harvested.  Harvested bolls were assessed for 

internal damage in the laboratory and locks classified (undamaged, minor damage, major 

damage), dried, and ginned.  Lint samples were submitted for HIV and AFIS quality 

analyses.  Significant, moderately strong Pearson’s correlation coefficients existed between 

external stink bug punctures and internal damage.  The Pearson’s correlation of total external 

punctures, with total internal damage, was stronger that any correlation among single 

components.  Predictability plots indicated a rapid increase in relationship strength of 

external stink bug punctures with internal damage, as the number of external punctures 

increased.  Approximately 90% predictability of internal damage was achieved with four 

(2006) or 6 (2007) punctures per boll.  The percent (wt.) of lint versus seed (gin-out) declined 
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as internal stink bug damage increased and lint quality also declined, especially among 

classification parameters associated with fiber length. 

Introduction 
 

The brown stink bug, Euschistus servus (Say), and green stink bug, Acrosternum 

hilare (Say), pest status continues to increase in cotton, Gossypium hirsutum L., in North 

Carolina.  The boll weevil eradication program and the widespread adoption of cotton 

varieties altered to express Bacillus thuringensis (Bt) toxins, since introduction in 1996, have 

lead to substantial reductions of broad-spectrum insecticide usage that were targeted against 

boll weevil, Anthonomous grandis grandis Boheman; bollworm, Helicoverpa zea Boddie; 

tobacco budworm, Heliothis virescens Author; and other lesser insect pests (Greene and 

Herzog 1999, Leonard et al. 1999, Roberts 1999).  Although not targeted as a pest, stink bugs 

in cotton were destroyed by these insecticide applications but as insecticide use declined, 

stink bugs made a dramatic emergence as cotton pests (Williams 2001, 2002, & 2004).  In 

2006, stink bugs infested 6.516 million acres and destroyed 151,341 bales across the U.S., 

with North Carolina losing 50,267 bales to the stink bugs (Willams 2007).  New, advanced 

Lepidoptera active Bt cotton traits (e.g. Bollgard II®, Widestrike®, and Vipcot®) are predicted 

to require further reductions of stink bug active insecticides in cotton thus allowing even 

greater stink bug survival.  

Yield losses from bug damage to bolls have been documented in various studies (i.e., 

Cassidy and Barber 1939, Toscano and Stern 1976, Barbour et al. 1990, Greene et al. 2001c).  

In most states, thresholds for boll-feeding bugs in cotton have been adapted from Greene et 

al. (2001c) and are based on 1 stink bug per 2 meter of row or 10-20 percent of medium-
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sized bolls displaying internal damage.  Assessing internal damage to bolls appears to be the 

preferred means employed by commercial scouts and consultants.  This techniques requires 

scouts to collect quarter sized bolls (2.4 cm), which are then dissected to determine damage 

levels after bolls have been crushed between the fingers and thumb or cut with a knife 

(Bacheler, 2007).  Examination is usually done in the field and the technique requires 

considerable time.  

Stink bug feeding often leaves an obvious feeding lesion on the outside of the boll 

(Bacheler, 2007).  To date, the relationship of external feeding sign with internal damage has 

not been studied.  If an adequately strong correlation could be identified between external 

boll damage caused by the feeding of stink bugs and the internal damage, it may be possible 

to develop a damage detection technique that would allow scouts to more rapidly examine 

cotton bolls without sacrifice of accuracy. To determine the feasibility of this concept, we 

examined the association of external bug-induced boll feeding signs with internal damage, 

lint gin-out, and quality. 

Materials and Methods 
 
 Stink bug damage to cotton bolls was monitored across eastern North Carolina and 

southeast Virginia fields planted to Bollgard® and Bollgard II®   Bt cotton varieties.  Fields 

having at or above 20% stink bug damage within immature bolls, as determined by the 

method of Bacheler (2006), were selected for more intensive study; there were eight field 

sites in 2006 and nine in 2007.  Two cohorts of bolls were selected at each field site, “Same 

Day” (SD) bolls and “Black Seed Coat” (BSC) bolls.  Each cohort consisted of 100 quarter 

sized (ca. 2.4 cm), first position bolls selected from the same single sympodium, or from two 
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adjacent sympodia, within each field site.  Sympodia selected between field sites ranged from 

the seventh to the tenth above the cotyledonary node, depending upon where quarter sized 

bolls were located.  The variation of selected sympodia between fields was attributed to 

different plant growth stages as affected by cotton variety, planting date, and environmental 

conditions.   

 On the day that each field site was initiated, 100 quarter-sized SD bolls were removed 

from the plant, transported to a laboratory setting, examined for external feeding signs 

(sunken lesions), and then dissected to determine internal damage.  SD boll damage category 

data included the number of obvious external lesions are presented in Table 4-1 and Figure 4-

1.  On the same initialization day for each field site, 100 quarter-sized BSC bolls were 

selected, numbered with colored (orange, yellow, or red) plastic tags, and examined for 

external stink bug damage in the field.  Once initial data were collected, BSC bolls were 

allowed to remain in the field until development of a black seed coat, indicating maturity 

(Angle 2007) and were removed just prior to boll crack, before the outer boll wall had 

desiccated.  Once mature BSC bolls were removed, they were placed in plastic bags along 

with their respective tags, returned to the lab for dissection, and examined for damage 

symptoms (Table 4-1).  In order to preserve the level of stink bug damage that was recorded 

during site initialization, weekly sprays or 0.438 L/hectare of dicrotophos (Bidrin 8 EC, 

Amvac Chemical Company, Newport Beach, CA) plus 0.146 L/hectare of thiamethoxam 

(Centric 40WG, Syngenta, Greensboro, NC) were applied using a backpack sprayer.  Data 

collected from SD and BSC bolls were subjected to ANOVA in SAS® (SAS Institute 2003) 

using PROC MIXED, and PROC CORR was utilized to examine the correlation between 
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external damage and internal damage.  Due to differences in external and internal damage 

levels across years, years were analyzed independently.   

 Following dissection of BSC bolls, each individual lock was placed into one of three 

categories according to the extent of damage.  Locks were determined “clean” if no visible 

discoloration of the lint was observed.  Locks categorized as “minor” damaged consisted of 

the entire lock having less than 1/3 brown discolored lint, while “major” damaged had 

greater than 1/3 brown discolored lint.  Figure 4-2 presents photographs of the damage 

categories.  Bulk samples of each category were then ginned on a table-top gin to determine 

the proportion of lint and seed weight (gin-out).  Gin-out means were then subjected to 

ANOVA in SAS® (SAS Institute 2003) using PROC GLM and separated utilizing a LSD test.  

Lint samples were then sent to Cotton Incorporated, Cary, NC to be subjected to the 

Advanced Fiber Information System (AFIS) and High Volume Instrument (HVI) fiber 

quality analyses.  Bulk samples were used due to the small amounts of lint from the damaged 

locks. 

Results and Discussion 

 Pearson’s correlation coefficients describe the relationship between two independent 

variables and range from -1.0 to 1.0, where -1.0 is a perfect negative correlation and 1.0 is a 

perfect positive correlation.  The degrees of correlation are classified as very small (0.0 – 

0.1), small (0.1 – 0.3), moderate (0.3 – 0.5), large (0.5 – 0.7), very large (0.7 – 0.9), and 

almost perfect (0.9 – 1) (Table 4-2) (Hopkins 2002).  

 Moderate to large, positive correlations exist between external stink bug feeding signs 

and internal stink bug feeding damage (Tables 4-3, 4-4, 4-5, and 4-6).  The highest 
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correlation for individual categories in 2006 existed between the total external lesions and 

large warts with a correlation value of +0.56 (Table 4-3), while in 2007, the highest 

correlation was between the total external lesions and minor stains with a correlation value of 

+0.45 (Table 4-4).  Since the strongest correlations occurred between two different internal 

damage categories and the total external lesions over the two years, internal damage 

categories were combined to include internal puncture marks, all warts regardless of size, and 

all stained lint regardless of size.  Analysis on combined categories identified the highest 

correlation in 2006 between total external lesions and total damage with a correlation value 

of +0.66 (Table 4-5), and in 2007, between total external lesions and total damage with a 

correlation value of +0.50 (Table 4-6).  These Pearson correlations are considered moderate 

to large, positive correlations (Hopkins 2002).  When examining the data for both years and 

uncombined and combined internal damage categories, it was noted that the “Maybe” 

external lesion category had lower correlations with internal damage categories than the 

obvious external lesions and contributed little to increase the correlation between the total 

external lesions and total internal damage categories (Tables 4-3 through 4-6).  The lower 

correlations for the “Maybe” external lesions may be attributed to the experience of the 

person or scout identifying and judging the “Maybe” external lesions.  This could lead to an 

increase in variation distorting the correlations.  The measurement of this variation was 

described by the R2 values from the correlations. Measurement of variation between 2006 

and 2007 data, as based upon R2 values, indicate that external lesions accounted for less 

internal damage in 2007 (R2 = 0.25) than in 2006 (R2 = 0.44) and represents a concern. (Table 

4-7 and 4-8).  Increased variation of unknown causes may be explained by the fact that in 
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2006, a limited number of people with significant experience identified external stink bug 

feeding signs and internal damage, while in 2007, an increased number of people with less 

experience were utilized.  The differences between the R2 values may suggest there is 

variation between experience levels for individuals identifying and judging external stink bug 

feeding signs or influence from an outlier field site.  Further investigation is required to 

answer this question.    

Based upon the correlations, predictability plots were derived from Proc GPLOT in 

SAS® (SAS Institute 2003) (Figures 4-3 and 4-4).  Predictability curves showed that as the 

number of external stink bug feeding signs increased, the power to predict internal damage 

also increased.  In 2006, internal damage was predicted with 90% accuracy when 4 or more 

external stink bug feeding lesions per boll were present (Figure 4-3).  In 2007, the reduced 

strength of correlation lowered predictability and 6 or more external lesions were required to 

achieve a 90% prediction of internal damage. . 

Locks showing internal damage in the major class produced significantly lower gin-

out in both years and minor damage locks and undamaged locks provided similar gin-out 

percentages in both seasons (Table 4-9 and Table 4-10).  Advanced Fiber Information 

System (AFIS) values and High Volume Instrument (HVI) values show that as the amount of 

stink bug feeding damage increased from none to minor damage to major damage, the quality 

of cotton decreases (Table 4-9 and 4-10).  This was particularly true with respect to fiber 

length in relation to locks classified as having major damage.  

 AFIS results showed length – weight was reduced in 2006 from 1.08 inch for clean 

locks to 0.99 inch for locks classified as having major damages and from 1.07 to 0.87 inch in 
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2007, respectively.  The length – weight covariant increased both years from 28.15% in clean 

locks to major damaged locks having 31.3% in 2006 and 29.4 to 40.7% in 2007, indicating 

increased content of shorter fibers.  Upper quartile length – weight (mean longest fibers) 

decreased from 1.24 in for clean locks to 1.17 inch for major damaged locks in 2006 and in 

2007 ranged from 1.26 to 1.1 inch. Additionally, short fiber content increased in 2006 from 

4.05% for clean locks to 6.5% for major damaged locks, and in 2007 from 4.8 to 16.1. The 

HVI data demonstrated a decrease in micronaire from 4.8 in clean locks to 4.3 for major 

damaged locks in 2006 and from 5.0 to 3.1 in 2007.  The upper half means decreased as well 

from clean locks to major damaged locks for both years with 1.14 to 1.08 in 2006 and 1.14 to 

1.09 in 2007.  The uniformity also decreased for both years with respect to clean versus 

major damaged locks with 83.2 to 81.4 in 2006 and 85.5 to 80.3 in 2007.  Fiber strength 

decreased from 29.4 to 27.3 in 2006 for clean locks compared to major damaged locks, while 

there was a slight increase from 27.2 to 27.7 in 2007.  In 2006, elongation decreased from 4.1 

in clean locks to 5.5 in major damaged locks, while increasing from 6.3 to 7.0 in 2007.  The 

differences in fiber strength and elongation across years maybe explained by differences in 

cotton varieties or varying weather conditions as 2007 was much drier than 2006.  These 

fiber analyses measurements indicate a clear pattern of decreasing lint quality, in many 

quality categories, if stink bug damage is adequately severe. However, lesser amounts of 

internal damage appeared to have little effect on lint quality. 

Conclusions 

 A moderately strong correlation exists between external stink bug feeding signs and 

internal stink bug feeding damage, and that correlations remains fairly constant across years.  
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This correlation increases as the number of external stink bug feeding signs increase (the 

amount of variability decreased).  The R2 values from 2006 and 2007 suggest there is some 

variability across years.  This variability may reflect the variation between the training of 

those individuals judging the external stink bug feeding signs.  Our results also show that the 

percent lint gin-out was significantly reduced for our “major damage” category, but not with 

the “minor damage” category.  Based upon the results of the AFIS and HVI test, we note that 

lint quality declined based upon the type of stink bug damage (ie. major damage vs. minor 

damage), especially fiber length.  This is important as prices cotton producers receive for 

their cotton is not only based on yield, but quality of the cotton as well.    

This data suggests there is a meaningful correlation between external stink bug 

induced symptoms with internal damage, lint yield, and quality.  Based upon the moderate, 

positive correlations, and increasing strength of the relationship as external punctures 

increase, developing a new scouting technique based on external stink bug feeding symptoms 

is possible.  Utilizing such a scouting technique would decrease the amount of time required 

by field scout in determining cotton boll damage caused by stink bugs and potentially allow 

them to increase their sample size.  An increase in sample size would aid in the ability to 

accurately determine if control measures are required.  However, since the correlation data 

was not a perfect 1.0 and predictability of internal damage was just above 90% with four and 

six external lesions for 2006 and 2007 respectively, there is some room for error in predicting 

internal damage.  Further investigation is required to determine what an expectable level of 

prediction error is.
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Table 4-1.  Data categories for Same Day Boll and Black Seed Coat Boll collection. 

Same 
Day 
Bolls 

Boll 
Diameter 
(cm) 

# 
Obivous 
External 
Sunken 
Lesions 

# 
"Maybe" 
External 
Sunken 
Lesions 

# 
Internal 
Puncture 
Marks 

# 
Warts 
<2mm 

# 
Warts 
>2mm 

# 
Minor 
Stains 

# Major 
Stains 

# Locks 
Destroyed 

Black 
Seed 
Coat 
Bolls 

# of 
Locks 

# 
Obivous 
External 
Sunken 
Lesions 

# 
"Maybe" 
External 
Sunken 
Lesions 

# Warts 
<2mm 

# 
Warts 
>2mm 

# 
Minor 
Stains 

# 
Major 
Stains 

# Locks 
Destroyed 

 
Table 4-2.  Varying degrees and classification of correlation coefficients.  Hopkins 2002. 

Correlation Coefficient Descriptor 
0.0 – 0.1 Trivial, very small, insubstantial, tiny, practically zero 
0.1 – 0.3 Small, low, minor 
0.3 – 0.5 Moderate, medium 
0.5 – 0.7 Large, high, major 
0.7 – 0.9 Very large, very high, huge 
0.9 – 1 Nearly, practically, almost: perfect, distinct, infinite 

 
Table 4-3.  Same Day Bolls Pearson Correlation Coefficients for individual categories, 2006. 

Categories Internal 
Marks 

Small 
Warts 

Large 
Warts 

Minor 
Stains 

Major 
Stains 

External Lesions +0.32 +0.43 +0.49 +0.44 +0.48 
“Maybe” External Lesions +0.10 +0.27 +0.26 +0.17 +0.16 

Total External Lesions +0.31 +0.47 +0.56 +0.42 +0.48 
 
Table 4-4.  Same Day Bolls Pearson Correlation Coefficients for individual categories, 2007. 

Categories Internal 
Marks 

Small 
Warts 

Large 
Warts 

Minor 
Stains 

Major 
Stains 

External Lesions +0.11 +0.36 +0.38 +0.42 +0.28 
“Maybe” External Lesions +0.19 +0.33 +0.29 +0.33 +0.18 

Total External Lesions +0.17 +0.41 +0.40 +0.45 +0.28 
 
Table 4-5.  Same Day Bolls Pearson Correlation Coefficients for combined categories, 2006. 

Categories Warts Stains Total Damage 
External Lesions +0.58 +0.60 +0.63 

“Maybe” External Lesions +0.31 +0.22 +0.31 
Total External Lesions +0.63 +0.59 +0.66 
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Table 4-6.  Same Day Bolls Pearson Correlation Coefficients for combined categories, 2007. 
Categories Warts Stains Total Damage 

External Lesions +0.42 +0.46 +0.44 
“Maybe” External Lesions +0.37 +0.35 +0.38 

Total External Lesions +0.48 +0.49 +0.50 
 
Table 4-7.  Same Day Bolls R2 values for Pearson Correlation Coefficients from combined 
categories, 2006. 

Categories Warts Stains Total Damage 
External Lesions 0.34 0.37 0.39 

“Maybe” External Lesions 0.10 0.05 0.09 
Total External Lesions 0.40 0.35 0.44 

 
Table 4-8.  Same Day Bolls R2 values for Pearson Correlation Coefficients from combined 
categories, 2007. 

Categories Warts Stains Total Damage 
External Lesions 0.18 0.21 0.20 

“Maybe” External Lesions 0.14 0.12 0.14 
Total External Lesions 0.23 0.24 0.25 

 
Table 4-9.  Percent lint gin-out and Advanced Fiber Information System Values for boll 
damage categories, 2006 and 2007. 

AFIS % Lint L(w) [in] L(w) CV [%] UQL(w) [in] SFC(w) [%}
No Damage ‘06 43.03 a 1.08 28.15 1.24 4.05 

Minor Damage ‘06 41.13 a 1.05 29.90 1.22 4.50 
Major Damage ‘06 31.76 b 0.99 31.60 1.17 6.50 

No Damage ‘07 44.52 a 1.07 29.40 1.26 4.80 
Minor Damage ‘07 44.61 a 1.03 32.20 1.24 7.00 
Major Damage ‘07 41.48 b 0.87 40.70 1.10 16.01 

 
Table 4-10.  High Volume Instrumentation values for boll damage categories, 2006 and 
2007. 

HVI MIC UHM UI STR ELO 
No Damage ‘06 4.8 1.14 83.2 29.4 4.1 

Minor Damage ‘06 5.3 1.17 84.1 29.3 6.8 
Major Damage ‘06 4.3 1.08 81.4 27.3 5.5 

No Damage ‘07 5.0 1.14 85.5 27.2 6.3 
Minor Damage ‘07 5.1 1.12 82.7 26.9 9.0 
Major Damage ‘07 3.1 1.09 80.3 27.7 7.0 



 105

 

 
 
 
 
 
 
 
 

Figure 4-1.  (A) External Lesion, (B) “Maybe” External Lesion, (C) Internal Marks, (D) 
Internal Wart, (E) Lint Stains, and (F) Destroyed Locks. 
 

    
Figure 4-2.  Ginned cotton categories: (A) Clean w/o Boll Fungus, (B) Minor Damage, (C) 
Major Damage. 
 

A) B) C) 

A) B) C) 

D) F)
E) 
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Figure 4-3.  Predictability of internal boll damage based on total external lesions from Same 
Day Bolls, 2006. 
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Figure 4-4.  Predictability of internal damage based on total external lesions from Same Day 
Bolls, 2007. 
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Chapter V 
 

Evaluation of the Relationship between Stink Bug Populations vs. Yield Under a 
Regressive Spray Treatment. 
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Abstract 
 
 In 2006 and 2007, a series of seven “regressive spray” tests were conducted across 

North Carolina, South Carolina, and Georgia.  Two tests were conducted in NC in 2006 and 

2007, two tests in GA in 2007, and one test in SC in 2007.  The purpose of these tests was to 

evaluate the relationship between the timing of stink bug spray application and yield, and to 

validate findings of a “progressive spray” treatment environment.  All tests were conducted 

on Bollgard II cotton varieties.  Test sites consisted of plots six to eight rows wide by 50 to 

100 feet long with four replicates.  All spray treatments began at anthesis, except an 

untreated check plot, with a high rate of dicrotophos (Bidrin 8E @ 1.24 ai/hectare) plus a 

pyrethroid.  Each week, an additional plot was removed from the spray schedule.  This 

continued until the seventh week and final single plot spray.  Just prior to boll opening, 25 

random bolls from three of the seven sites were collected to estimate the amount of stink bug 

feeding damage.  Following defoliation of the cotton, plots were mechanically harvested and 

yield data recorded.  No yield differences among treatments were found.  High variation in 

yield was observed among similarly treated replicates at each site.  These results are not 

consistent with those found under a “progressive spray” environment.  

Introduction 
 

 Previous research has shown that stink bugs reduce cotton yields and lint quality 

(Barbour et al. 1990, Bundy et al. 1999, Greene and Herzog 2001, and Emfinger et al. 2004).  

Currently, the stink bug complex continues to increase; it was found to infest 6.516 million 

acres and destroyed an estimated 151,341 bales across the United States in 2006 (Williams 
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2007).  North Carolina alone lost 51,607 bales of cotton to the stink bug complex, while 

South Carolina lost 20,488 bales and Georgia lost 25,000 bales (Williams 2007). 

 Research by Bacheler et al. (2007) suggested that 3.5 week old bolls or older (>1.25 

inch diameter) are safe from stink bug feeding damage.  Their work also suggested that stink 

bug treatment thresholds may be increased during both early and late periods of bloom.  This 

work was done under a progressive spray treatment, trials where one treatment was sprayed 

at anthesis and then subsequent treatments were added weekly until all of the treatments were 

sprayed in the final week.  In order to help validate these findings and evaluate the 

relationship between stink bug pressure vs. yield, seven regressive spray treatment 

experiments were conducted across North Carolina, South Carolina, and Georgia in 2006 and 

2007.  In a regressive trial, all of the plots (except the untreated control) are sprayed at 

anthesis and then individual treatments are systematically removed from the weekly sprays. 

Materials and Methods 
 
 A series of seven regressive spray treatment tests were conducted in Bollgard II® 

cotton fields.  At each site, eight plots of 6-8 rows wide by 50-100 feet long were established 

and replicated four times.  All plots received spray treatments of dicrotophos (Bidrin 8E) at 

1.24 ai/hectare plus a pyrethroid at the highest labeled rate except for the untreated check 

plot.  Weekly sprayings began at bloom initiation and continued for seven weeks.  In week 

one, all seven treatment plots were treated.  In week two, six plots received treatments.  In 

week three, five plots received treatments and so on until at week seven, when the final 

single treatment was made.  Just prior to bolls opening at the Edgecombe Co., NC, 2006, 

Perquimans Co, NC, 2007, and Wayne Co, NC, 2007 sites, 25 randomly selected bolls per 
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plot were removed and evaluated for internal stink bug feeding damage, which included 

internal warts and/or stained lint.  Cotton was allowed to fully mature and open.  Mechanical 

pickers were utilized to harvest the middle two rows from each plot, except in the 2006 

Perquimans Co., North Carolina site where 10 row feet of cotton was hand harvested per 

plot.  Harvested seed cotton was weighed and lint yield determined based upon 40% of the 

seed cotton weight.  Yield data were subjected to ANOVA and means comparisons (LSD 

method, α = 0.05). 

Results and Discussion 
 

The year-end boll damage survey suggested that stink bug pressure varied across the 

three sites and two years (Table 5-1).  Variability in boll damage was also observed in 

Georgia and South Carolina (Greene, Robertson, and Toews, personal com.).  At the test sites 

in 2006 and 2007, stink bug pressure was low.  Once yields from each site were calculated, 

yields across all sites were combined and showed that there was no yield difference among 

any of the treatments (Figure 5-1).  Scrutiny of the yields from each individual site based 

upon the amount of lint gained or lost from week to week suggests that more variation 

occurred within treatments than among treatments by site (Figures 5-2, 5-3, 5-4, 5-5, 5-6, 5-

7, and 5-8).  These results are not similar to the pattern that was seen under a progressive 

spray treatment (Figures 5-9 and 5-10) Bacheler et al. (2007).  The progressive spray 

treatment produced a bell shaped curve suggesting that the highest gain in lint occurred when 

cotton was protected from three weeks after bloom to 6 weeks after bloom (Figure 5-9).  

Data here show the highest gain in lint occurring from bloom initiation to one week 

following bloom (Figure 5-10). 
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Conclusions 
 
 No statistical differences among treatments were observed in these trials.  We 

hypothesize that this may have occurred because 2006 and 2007 were particularly light stink 

bug pressure years and the initial insecticide application to all plots except for the check may 

have removed stink bugs from the test sites.  Since overall populations were low, little or no 

subsequent recolonization occurred.  Perhaps a better understanding of stink bugs ecology at 

low population densities would help us design and conduct experiments under these 

conditions. 
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Table 5-1.  Percent year end boll damage. 
Location and year Percent damaged bolls 

NC, Edgecombe Co. 2006 23% 
NC, Perquimans Co. 2007 48% 

NC, Wayne Co. 2007 32% 
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Figure 5-1.  Yield per treatment averaged across all locations. 
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Figure 5-3.  Weekly lint gained or loss based upon the number of spray treatments in 
Edgecombe Co., NC, 2006.
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Figure 5-4.  Weekly Lint Gained or Loss Based Upon the Number of Spray Treatments 
in Perquimans Co., NC, 2007.
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Figure 5-5.  Weekly Lint Gained or Loss Based Upon the Number of Spray Treatments 
in Wayne Co., NC, 2007.
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Week of Bloom
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Figure 5-6.  Weekly lint gained or loss based upon the number of spray treatments in 
Coloquitt Co., GA, 2007.
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Figure 5-7.  Weekly lint gained or loss based upon the number of spray treatments in 
Tift Co., GA, 2007.
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Figure 5-8.  Weekly lint gained or loss based upon the number of spray treatments in 
Barnwell Co., SC, 2007.
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Figure 5-9.  Yield change from spray at designated weeks of bloom, NC and GA, 2004 – 
2006 under a progressive spray environment (n=14 tests), from Bacheler et al. 2007. 



 124

-100

-80

-60

-40

-20

0

20

40
Po

un
ds

 o
f l

in
t p

er
 a

cr
e

Week of bloom

7-6 6-5 5-4 4-3 3-2 2-1 1-0

31.48

-4.38 -18.79

19.62

-9.41

17.83

-86.56
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– 2006 under a regressive spray environment (n=7 tests). 
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Chapter VI 
 

Understanding Brown Stink Bug, Euschistus servus (Hemiptera: Pentatomidae), 
Feeding Utilizing Electrophoresis and Mass Spectrometer Based on Gut Content 
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Abstract 
 
  In 2006, adult brown stink bugs were collected from cotton and soybean fields in 

northeastern North Carolina.  Insects were separated into four cohorts.  Each cohort was 

either fed a diet of corn, cotton, soybean, or water only for seven days.  Insects were then 

dissected and the foregut, midgut, and hindgut were removed and homogenized to form stock 

solutions.  Each insect gut stock solution, along with stock solutions prepared from the host 

diets, was subjected to gel electrophoresis.  Gel electrophoresis allowed the matching of 

protein bands from each host crop seed to protein bands found within the insect guts.  

Matching protein bands were removed from the polyacrylamide gel and subjected to in-gel 

digestion and extraction.  Samples were then analyzed and mass fingerprinted using a mass 

spectrometer.  Results were searched against NCBI’s non-redundant Viridiplantae database. 

Enough genetic material was found in 6 out of 16 bands to mass fingerprint.  Of the six 

bands, three were confirmed to have been derived from corn seed, two were derived from 

soybean seed, and one found within an insect gut was derived from soybean. 

Introduction 

 Over the years, the pest status of the stink bug complex has increased across the 

southeastern United States.  The increase has been attributed to the adoption of Bt crops, 

reduction in broad spectrum insecticide usage, and eradication of the boll weevil, 

Anthonomous grandis grandis Boheman, in cotton, Gossypium hirsutum (L.) (Greene and 

Herzog 1999, Leonard et al. 1999, Roberts 1999).  In 2006, stink bugs infested 6.536 million 

acres and destroyed 151,347 bales across the United States.  North Carolina alone lost 51,607 

bales of cotton to the stink bug complex, while South Carolina lost 20,488 bales and Georgia 
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lost 25,000 bales (Willams 2007).  New, advanced Lepidoptera active Bt cotton traits (e.g. 

Bollgard II®, Widestrike®, and Vipcot®) will allow further reductions in stink bug active 

insecticides in cotton and allow greater stink bug survival.  In order to help reduce 

agricultural yield losses, producers utilize an integrated pest management (IPM) approach.  

IPM relies on a four-tiered system, which encompasses developing an action threshold, 

monitoring and identifying pests, working to prevent pest problems, and implementing pest 

control tactics (US EPA 2007).  Pedigo (1995) suggested a gap exists between the theory of 

IPM and IPM practices.  He recommended that in order to close the gap, a greater 

understanding of pest ecology and insect-plant interactions would be required.   

 Brown stink bugs, Euschistus servus (Say), feed upon a wide range of hosts, 

including fruits, grains, and vegetables, along with many wild hosts such as grasses, shrubs, 

and trees (McPherson and McPherson 2000).  Adult brown stink bugs over winter under crop 

residues, forest duff, common mullein (Verbascum thapsus L.) and other weeds (Rolston and 

Kendrick 1961).  They emerge in early spring and have been found feeding on mullein until 

other hosts become available (McPherson and McPherson 2000).  The brown stink bug has 

been reported to induce economic damage to several import agricultural crops, which include 

soybeans, Glycine max (L.); alfalfa, Medicago sativa (L.); pecan, Carya illinoinensis (W.); 

sorghum, Sorghum bicolor (L.); corn, Zea mays (L.); peaches, Prunus persica (L.); pears, 

Pyrus spp.; apples, Malus domestica (B.); wheat, Triticum aestivum (L.); and cotton, 

Gossypium hirsutum (L.) (Panizzi 1997) and to a lesser extent tomatoes, Lycopersicon 

esculentum (L.); sugar beets, Beta vulgaris (L.); and tobacco, Nicotiana tabacum (L.) 

(McPherson and McPherson 2000). 
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 Gel electrophoresis is one of the simplest, oldest, and most widely used techniques in 

molecular biology and may be used to identify markers within species to help understand 

population structure, dynamics, migration, taxonomy, and insect resistance (Claridge 1989, 

den Hollander 1989).  It has also been described as perhaps the most cost-effective technique 

available for studying the population biology of pest species (Menken 1989).  

Electrophoresis is defined as the movement of charged particles, proteins and/or enzymes, in 

a supporting medium under the influence of an electric field; the charge on the particles 

varies with their molecular structure and so they move differing distances.  This can be 

visualized through selective staining (den Hollander 1989).  Electrophoresis has been utilized 

to help better understand the predator-prey interactions (Murray and Solomon 1978, Giller 

1984, Murray et al. 1989, Solomon et al. 1996, Corey et al. 1998).  However, limited 

information is available describing the utilization of electrophoresis in helping to understand 

the relationship between phytotrophic polyphagous insects and their hosts.  Therefore, in 

these studies we attempt to gain insight into the practicality of utilizing electrophoresis to 

determine the feeding history of brown stink bugs on three major host crops. 

Materials and Methods 

  In 2006, brown stink bug adults were collected from cotton and soybean fields in 

northeastern North Carolina and taken to the lab.  Adult brown stink bugs were placed into 

2.27 liter plastic ice cream containers.  The center of the lids were cut out and removed 

leaving only the lid edge to securely fasten onto the container.  Ten insects were placed per 

container.  Cheese cloth was placed over the top of the container and held in place by the lid 

ring, allowing free exchange of ambient air.  Cohorts of ten brown stink bugs each were fed 
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on one of four different diet regimes consisting of corn, cotton, soybean, or water.  Those fed 

the corn diet received half of an ear of fresh corn in the milk stage (Special Report No. 48 

1997); those on the cotton diet received five small bolls approximately 2.5 cm in diameter; 

those on the soybean diet received approximately 15 – 20 previously frozen, soft soybean 

seeds.  Each cohort also received a 29.57 milliliter plastic cup filled with tap water, caped 

with a lid, and modified with a cotton wick to provide insects with a water source.  The 

control cohort was offered only a water source.  Food sources were monitored daily and 

replaced every two to three days, during which time insects and food sources were placed 

into clean containers.  Insect cohorts were fed for seven days to allow enough time for each 

cohort to ingest food from its designated food regime.  Fecal deposits were visually 

monitored to assess that adequate feeding had taken place.  Insects were individually 

removed from containers and placed onto dissecting plates and submerged in deionized 

water.  The foregut, midgut, and hindgut were extracted from each stink bug and individually 

placed into labeled 1.5 mL disposable microcentrifuge tubes containing 0.1 mL of buffer 

solution made from BupHTM Modified Dulbecco’s Phosphate Buffered Saline Pack (PBS) 

(Thermo Scientific, Rockford, IL, USA).  Samples were then placed into a freezer and held at 

approximately -20° C until samples were run through gel electrophoresis.  A cohort of adult 

brown stink bugs collected from a soybean field was also included.  These insects were 

immediately taken to the lab, dissected, and samples prepared as previously described. 

 Five guts from each feeding regime were removed from the saline buffer solution and 

combined together in 1.5 mL disposable microcentrifuge tubes.  Stink bug guts were then 

homogenized in 0.5 mL of fresh PBS using a 1.5 mL microcentrifuge tube pestle to create a 
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stock solution for each of the four feeding regimes.  Four seeds from each host crop utilized 

as feeding regimes were homogenized separately in 4 mL of PBS using a pestle and mortar.  

Suspensions were placed in 1.5 mL disposable microcentrifuge tubes to create stock 

solutions for each diet type.  An assay was then run on the stock solutions and dilutions of 

the stock solutions (Table 6-1) to determine the amount of sample to load onto 

polyacrylamide gels as described by Bradford (1976).  The stock solutions and dilutions were 

evaluated on a standard curve produced by bovine serum albumin (BSA) dilutions in water 

(BSA:Water μL) of 1000:0, 750:250, 500:500, 250:750, 125:875, and 0:1000.  Six individual 

wells of a 96 well plate were loaded with 10 μL of each BSA dilution, plus 200 μL of 20% 

BioRad solution.  Seven individual wells of a 96 well plate were loaded with 10 μL of each 

seed and insect gut stock solutions, along with their respective dilutions, plus 200 μL of 20% 

BioRad solution.  All solutions were replicated three times on the well plate.  The well plate 

was then placed in a microplate reader and absorbance measured at 595 nm. 

 Each sample was mixed with the appropriate amounts of a 0.1M DTT reducing agent, 

Tris-Glycine SDS sample buffer (2X), and water (Table 2).  The prepared sample solutions 

were then denatured at 85° C for 2 minutes.  Prepared sample solutions, along with 5 μL of 

Mark 12 unstained standard (Invitrogen, Carlsbad, CA, USA), were then loaded onto an 8-

16% Tris-Glycine polyacrylamide gel contained in an Invitrogen Xcell SureLockTM 

electrophoresis apparatus (Invitrogen, Carlsbad, CA, USA).  Electrophoresis was conducted 

at 90 V for 2.5 hour at 20° C.  The gel was then stained for 24 hours with Coomassie 

Brilliant Blue R-250 [45 ml methanol, 10 ml glacial acetic acid, 45 ml ddH2O, 0.25 g 
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Coomassie Brilliant Blue R-250 (Fischer Scientific, Pittsburgh, PA, USA)] and then 

destained with a mixture of 30% methanol and 10% glacial acetic acid. 

 Protein bands from each seed were compared to the bands from the guts of insects 

that had fed on that respective seed to determine if any bands matched (Figure 6-1).  Protein 

from the bands that matched between seeds and insect guts were in-gel digested and 

extracted using methods previously described (Jiménez et al. 1998, Shevchenko et al. 2006).  

Samples were then analyzed and mass fingerprinted using a mass spectrometer at the North 

Carolina State University Metabolomics and Proteomics Laboratory, Raleigh, NC, USA.  

Resulting peptide masses were then searched against the National Center for Biotechnology 

Information’s (NCBI) non-redundant Viridiplantae database.   

Results and Discussion 
 
 Upon examination of the polyacrylamide gel, three matching protein bands were 

observed between the corn seed and guts from insects that fed on corn (Figure 6-1).  In 

addition, two protein bands were observed between cotton seed and guts from insects that 

had fed on cotton, as well as two protein bands between soybean seed, guts from insects 

caught in a soybean field, and guts from insects that had fed on soybean.  In all cases, protein 

bands from insect guts were less intense than those observed for host seeds.  A total of 16 

protein bands were removed from the polyacrylamide gel and subjected to protein in-gel 

digestion and extraction.  Upon completion of the mass spectra fingerprinting, only six 

protein bands provided enough material to sequence and compare to NCBI’s non-redundant 

Viridiplantae database.  The peptide subunits from those six bands were blasted against the 

database and it was determined that bands 1, 3, and 5 were from corn according to the 



 132

database matches (Figure 6-1 and Table 6-3).  In reality, these protein bands were derived 

from corn seed.  Protein bands 12, 15, and 16 were determined to have originated from 

soybean plants according to the database matches (Figure 6-1 and Table 6-3 through 6-8).  

Protein bands 12 and 15 were actually derived from soybean seeds, while protein band 16 

was derived from guts of insects that had fed on soybeans. 

Conclusions 

 These results are entirely qualitative and not quantitative, but do show that using gel 

electrophoresis and mass spectra fingerprinting to determine insect-host feeding patterns may 

be feasible.  Only a limited number of bands contained enough genetic material to sequence 

and compare to NCBI’s non-redundant Viridiplantae database.  The results are encouraging 

since at least one band from insect guts contained enough genetic material to be sufficiently 

sequenced and accurately matched within the database.  Results may be improved by 

precipitating proteins from the stock solutions utilizing trichloroacetic acid (TCA) as 

described by Sanchez (2001).  In doing so, more genetic material may be made available for 

mass fingerprinting and thus yield more robust results.   

 To effectively use a technique as described here to help understand insect-host 

feeding patterns, additional data must be obtained.  In particular, it will be important to 

determine the duration of host plant genetic material residence in insect gut before 

degradation makes it impossible to detect.  It will also be necessary to determine if plant 

proteins are modified by the digestive process of the insect, and if individual host plants can 

be identified from remains in the guts of insects which have fed on multiple hosts.
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Table 6-1.  Dilutions of seed and stink bug stock solutions run through Bradford assay (1976) 
to determine how much sample to load on 8-16% Tris-Glycine gels. 

Treatment Dilution of Stock Solution:Distilled Water 
Corn Seed 1:0, 1:2, 1:5, and 1:100 

Cotton Seed 1:100 
Soybean Seed 1:100 

Stink Bug Gut Feed on Corn 1:10 
Stink Bug Gut Feed on Cotton 1:10 

Stink Bug Gut Feed on Soybean 1:10 
Stink Bug Gut Feed on Water 1:10 

 
Table 6-2.  Amounts of sample, reducing agent, buffer, and water mixed together, denatured, 
and loaded onto an 8-16% Tris-Glycine gel for electrophoresis. 

Gel 
lane Sample 

Sample 
amount 

(μL) 

0.1M DTT 
reducing 

agent (μL) 

Tris-
Glycine 

SDS 
sample 

buffer 2X 
(μL) 

Distilled 
water 
(μL) 

Total 
volume 

(μL) 

1 
Mark 12 molecular 

weight marker 5 0 0 0 5 
2 Corn seed 8 2 10 0 20 

3 
Stink bug gut fed on 

corn 10 2 8 0 20 
4 Cotton seed 2.5 1 5 1.5 10 

5 
Stink bug gut fed on 

cotton 10 2 8 0 20 

6 

Stink bug gut caught 
from field feeding on 

soybean 10 2 8 0 20 
7 Soybean seed 1 1 5 3 10 

8 
Stink bug gut fed on 

soybean 10 2 8 0 20 

9 
Stink bug gut fed 

only water 10 2 8 0 20 

10 
Mark 12 molecular 

weight marker 5 0 0 0 5 
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Table 6-3.  NCBI’s non-redundant Viridiplantae database search results for protein band 1. 
Data 
base 
hit Reference scan Peptide Probability 

Cross 
correlation 

score 
Molecular 
weight (sp) 

Peptide (Hits) 
Ions 

1 
predicted protein [Physcomitrella 

patens subsp. patens]  3.62E-07 28.22 70817.0 3 (2 1 0 0 0) 
 1539 -.IINEPTAAAIAYGLDK.- 3.62E-07 4.50 2166.1 34/60 
 1394 K.NAVVTVPAYFNDSQR.Q 1.97E-05 3.26 458.0 18/28 
 1533 -.FEELNMDMFR.- 6.55E-03 3.17 688.3 12/18 

2 
Os08g0197700 [Oryza sativa 

(japonica cultivar-group)]  3.62E-07 10.22 73458.6 1 (1 0 0 0 0) 
 1539 R.IINEPTAAAIAYGIDK.K 3.62E-07 4.50 2166.1 34/60 

3 phosphoglucomutase 1 [Zea mays]  3.90E-06 10.18 63057.9 1 (1 0 0 0 0) 
 1489 R.SDVSEVVAADEFEYKDPVDGSVSK.H 3.90E-06 3.57 890.8 28/92 

4 
Os03g0293500 [Oryza sativa 

(japonica cultivar-group)]  6.66E-07 10.15 64677.5 1 (1 0 0 0 0) 
 1434 R.IFVPEGQPLESEPNEPLR.V 6.66E-07 3.10 373.6 17/34 

5 
predicted protein [Physcomitrella 

patens subsp. patens]  6.22E-05 10.15 70960.4 1 (1 0 0 0 0) 
 1482 K.NAVITVPAYFNDSQR.Q 6.22E-05 2.93 398.4 17/28 

6 
heat shock protein 70A 

[Chlamydomonas reinhardtii]  6.63E-04 8.11 71170.6 1 (0 1 0 0 0) 
  1482 -.KAVVTVPAYFNDSQR.- 6.63E-04 2.26 285.1 15/28 

 



 138

Table 6-4.  NCBI’s non-redundant Viridiplantae database search results for protein band 3. 
Data 
base 
hit Reference scan Peptide Probability 

Cross 
correlation 

score 
Molecular 
weight (sp) 

Peptide 
(Hits) 

1 globulin1 [Zea mays]  7.07E-09 50.19 64989.6 6 (6 0 0 0 0) 
 1677 R.LSPGTAFVVPAGHPFVAVASR.D 7.07E-09 3.84 323.6 17/40 
 1131 K.AEEVDEVLGSR.R 3.47E-06 3.64 2128.6 18/20 
 1565 K.QGHVFVAPAGAVTYLANTDGR.K 2.47E-04 3.34 613.5 20/40 
 1514 K.QGHVFVAPAGAVTYLANTDGR.K 6.23E-05 3.29 557.8 26/80 
 1264 -.VLRPFDEVSR.- 5.78E-04 3.05 633.2 13/18 
 1534 R.NPESFLSSFSK.S 1.85E-05 2.96 742.3 16/20 

2 
Os09g0553200 [Oryza sativa 

(japonica cultivar-group)]  5.26E-07 30.19 51650.3 3 (3 0 0 0 0) 
 1580 R.IVTEDFLPLPSK.G 5.26E-07 3.89 1618.7 20/22 
 1323 K.YSNSNIEIHTFNQSQYPR.I 5.03E-06 2.76 956.5 26/68 
 1144 K.AIGINVPR.S 4.17E-03 2.25 575.5 12/14 

3 
MASY_MAIZE Malate synthase, 

glyoxysomal  1.86E-06 20.22 61598.2 2 (2 0 0 0 0) 
 1619 R.DALDFVAGLQR.E 1.86E-06 4.34 2014.5 18/20 
 1277 R.FDPATTLVR.E 4.77E-03 2.19 493.8 14/16 

4 
vicilin-like embryo storage protein 

[Zea mays]  6.72E-08 10.24 66121.9 1 (1 0 0 0 0) 
 959 R.SEEEEEESSEEQEEAGQGYHTIR.A 6.72E-08 4.72 1411.9 35/88 

5 
granule-bound starch synthase 

[Andropogon gerardii]  8.42E-07 10.23 27646.2 1 (1 0 0 0 0) 
 1689 K.FNAALAHHMMAGADVLAVTSR.F 8.42E-07 4.56 2214.8 35/80 

6 
Os06g0136600 [Oryza sativa 

(japonica cultivar-group)]  8.88E-07 10.19 47908.5 1 (1 0 0 0 0) 
 1412 K.VNQIGSVTESIEAVR.M 8.88E-07 3.88 1354.6 20/28 

7 

UDP-glucose pyrophosphorylase 
[Populus tremula x Populus 

tremuloides]  1.97E-07 10.19 51778.4 1 (1 0 0 0 0) 
 1381 R.ANPANPSIELGPEFK.K 1.97E-07 3.71 1055.6 22/28 
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Table 6-4. Continued. 
8 waxy [Parrotia subaequalis]  4.64E-06 10.17 14476.8 1 (1 0 0 0 0) 
 1327 K.EALQAEVGLPVDR.N 4.64E-06 3.32 1077.5 18/24 

9 
Os08g0424500 [Oryza sativa 

(japonica cultivar-group)]  3.94E-06 10.16 54647.9 1 (1 0 0 0 0) 
 1461 R.ELGEGGIDNYLSVK.Q 3.94E-06 3.21 1052.1 18/26 

10 
RelA-SpoT like protein RSH4 

[Nicotiana tabacum]  1.58E-04 10.16 62181.5 1 (1 0 0 0 0) 
 1388 -.TAEMDILAAGGTASHALYK.- 1.58E-04 3.18 499.3 22/72 

11 
PDI_MAIZE Protein disulfide-

isomerase precursor (PDI)  1.38E-05 10.16 57061.2 1 (1 0 0 0 0) 
 1684 R.LLKPFDELVVDSK.D 1.38E-05 3.13 1217.1 24/48 

12 
Os03g0663800 [Oryza sativa 

(japonica cultivar-group)]  7.36E-04 10.14 28433.7 1 (1 0 0 0 0) 
 733 R.VAVLEANPR.S 7.36E-04 2.73 1329.7 13/16 

13 

B Chain B, X-Ray Structure Of 
Gene Product From Arabidopsis 
Thaliana At3g03250, A Putative 
Udp-Glucose Pyrophosphorylase  1.00E-05 10.13 51706.2 1 (1 0 0 0 0) 

 1628 K.SIPSIVELDSLK.V 1.00E-05 2.62 282.5 14/22 

14 

SSG1_MAIZE Granule-bound 
starch synthase 1, chloroplast 

precursor (Granule-bound starch 
synthase I) (GBSS-I)  3.03E-04 10.12 65924.5 1 (1 0 0 0 0) 

 1046 K.IYGPVAGTDYR.D 3.03E-04 2.46 828.2 14/20 

15 
granule-bound starch synthase I 

[Elymus dentatus]  9.60E-06 8.21 27608.5 1 (0 1 0 0 0) 
 1689 -.FNAPLAHQMIAGADVLAVTSR.- 9.60E-06 4.27 1641.5 31/80 

16 
UDP-glucose pyrophosphorylase 

[Cucumis sativus]  2.19E-04 8.17 15562.0 1 (0 1 0 0 0) 
 1580 -.LVVDDYLPLPSK.- 2.19E-04 3.37 1515.3 19/22 

17 Waxy [Hamamelis japonica]  7.43E-05 8.16 15014.5 1 (0 1 0 0 0) 
 1327 -.EALQAZVGLPVDR.- 7.43E-05 3.23 1077.5 18/24 
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Table 6-4. Continued. 

18 
leucine-rich repeat family protein 

[Arabidopsis thaliana]  8.22E-04 8.11 48427.4 1 (0 1 0 0 0) 
 1286 -.FLGLSNNNLGGK.- 8.22E-04 2.29 462.7 11/22 

 
Table 6-5.  NCBI’s non-redundant Viridiplantae database search results for protein band 5. 

Data 
base 
hit Reference scan Peptide Probability 

Cross 
correlation 

score 
Molecular 
weight (sp) 

Peptide 
(Hits) 

1 
CHIA_MAIZE Endochitinase A 

precursor (Seed chitinase A)  5.29E-06 30.18 29105.6 3 (3 0 0 0 0) 
 1302 R.DIGFNGLADPNR.V 1.21E-05 3.60 1449.2 17/22 
 1184 R.VAQDAVIAFK.T 5.29E-06 3.07 1290.3 16/18 
 1382 -.DIGFNGLADPNR.- 7.34E-04 2.27 1131.3 15/22 

2 

REHY_MAIZE 1-Cys 
peroxiredoxin PER1 (Thioredoxin 
peroxidase) (Rehydrin homolog)  4.82E-05 30.17 24889.6 3 (3 0 0 0 0) 

 1192 R.AVDSLLTAAK.H 4.82E-05 3.45 1218.4 17/18 
 1510 K.VTFPILADPAR.D 3.25E-04 3.21 975.9 16/20 
 1251 -.LLGISCDDVESHR.- 3.29E-03 2.82 251.2 19/48 

3 1802402A globulin 2  2.63E-08 20.21 49892.0 3 (3 0 0 0 0) 
 1294 K.LLAFGADEEQQVDR.V 2.63E-08 4.12 2194.4 21/26 
 1306 K.LLAFGADEEQQVDR.V 1.94E-07 3.93 2496.1 29/52 
 1457 R.FTHELLEDAVGNYR.V 9.56E-04 3.40 680.0 23/52 

4 
CHIB_MAIZE Endochitinase B 

precursor (Seed chitinase B)  3.71E-06 16.27 28147.3 3 (1 0 2 0 0) 
 1520 -.GPLQISWNYNYGPAGR.- 3.71E-06 5.32 2375.0 33/60 
 1515 -.GPLQISWNYNYGPAGR.- 1.16E-04 3.85 1013.6 19/30 
 1304 R.AIGFDGLGDPGR.V 1.54E-05 3.68 1731.3 19/22 

5 
chitinase, putative [Arabidopsis 

thaliana]  3.71E-06 10.27 30117.7 2 (2 0 0 0 0) 
 1520 R.GPIQLSWNYNYGPAGR.A 3.71E-06 5.32 2375.0 33/60 
 1515 R.GPIQLSWNYNYGPAGR.A 1.16E-04 3.85 1013.6 19/30 
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Table 6-5.  Continued. 

6 

hypothetical protein OsI_010140 
[Oryza sativa (indica cultivar-

group)]  2.20E-05 10.20 68202.9 1 (1 0 0 0 0) 

 1316 
R.VVAASDAGLVTAMDVADAAGTAY

R.L 2.20E-05 3.93 741.4 20/46 

7 

SODM4_MAIZE Superoxide 
dismutase [Mn] 3.4, mitochondrial 

precursor  7.06E-05 10.17 25223.0 1 (1 0 0 0 0) 
 1547 -.NVRPDYLNNIWK.- 7.06E-05 3.42 768.2 21/44 

8 globulin1 [Zea mays]  3.78E-05 10.15 64989.6 1 (1 0 0 0 0) 
 1504 R.NPESFLSSFSK.S 3.78E-05 3.01 743.1 14/20 

9 
hypothetical protein [Vitis 

vinifera]  1.21E-05 10.14 27183.2 1 (1 0 0 0 0) 
 1141 K.VAYALSKGLK.V 1.21E-05 2.89 1323.1 16/18 

10 
predicted protein [Ostreococcus 

lucimarinus CCE9901]  3.80E-04 10.13 36321.0 1 (1 0 0 0 0) 
 1396 -.SSQGIARTQELAR.- 3.80E-04 2.50 849.0 16/24 

11 unknown [Populus trichocarpa]  3.71E-06 8.27 29389.0 2 (0 2 0 0 0) 
 1520 -.GPLQLSWNYNYGPAGR.- 3.71E-06 5.32 2375.0 33/60 
 1515 -.GPLQLSWNYNYGPAGR.- 1.16E-04 3.85 1013.6 19/30 

12 
hypothetical protein [Vitis 

vinifera]  7.06E-05 8.17 25268.1 1 (0 1 0 0 0) 
 1547 -.NVRPDYLKNVWK.- 7.06E-05 3.31 774.6 21/44 

13 
Os01g0147900 [Oryza sativa 

(japonica cultivar-group)]  1.21E-05 8.14 27046.0 1 (0 1 0 0 0) 
 1141 -.VAYALSQGLK.- 1.21E-05 2.89 1323.1 16/18 
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Table 6-6.  NCBI’s non-redundant Viridiplantae database search results for protein band 12. 
Data 
base 
hit Reference scan Peptide Probability 

Cross 
correlation 

score 
Molecular 
weight (sp) 

Peptide 
(Hits) 

1 
SBP_SOYBN Sucrose-binding 

protein precursor (SBP)  8.36E-06 20.16 60484.7 2 (2 0 0 0 0) 
 1249 K.DNIVSSLDNVAK.E 8.36E-06 3.30 1166.7 17/22 
 1981 -.ESFFFPFELPR.- 1.71E-03 3.09 607.3 14/20 

2 

AMYB_VIGUN Beta-amylase 
(1,4-alpha-D-glucan 

maltohydrolase)  1.28E-08 10.23 56201.7 1 (1 0 0 0 0) 
 1330 R.YDATAYNQIILNAR.P 1.28E-08 4.68 2298.6 23/26 

3 
hypothetical protein [Vitis 

vinifera]  6.01E-08 10.22 58211.1 1 (1 0 0 0 0) 
 1879 K.SGPQELVQQVLSGGWR.E 6.01E-08 4.31 1416.1 20/30 

4 

C Chain C, Crystal Structure Of 
Soybean Beta-Conglycinin Alpha 

Prime Homotrimer  2.25E-08 10.20 47816.8 1 (1 0 0 0 0) 
 1667 K.DNVISQIPSQVQELAFPGSAK.D 2.25E-08 4.01 833.1 23/40 

5 
GLCA_SOYBN Beta-conglycinin, 

alpha chain precursor  1.71E-06 10.13 70250.5 1 (1 0 0 0 0) 
  1305 K.NPFLFGSNR.F 1.71E-06 2.52 851.2 14/16 
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Table 6-7.  NCBI’s non-redundant Viridiplantae database search results for protein band 15. 
Data 
base 
hit Reference scan Peptide Probability 

Cross 
correlation 

score 
Molecular 
weight (sp) 

Peptide 
(Hits) 

1 

ITRA_SOYBN (P01070) Trypsin 
inhibitor A precursor (Kunitz-type 

trypsin inhibitor A)  9.66E-11 60.17 23990.1 8 (8 0 0 0 0) 
 1221 K.GIGTIISSPYR.I 1.03E-06 3.45 1308.7 18/20 
 1288 K.GIGTIISSPYR.I 4.59E-04 3.05 1244.1 17/20 
 1058 K.CGDIGISIDHDDGTR.R 9.66E-11 3.01 1792.5 31/56 
 1269 R.FIAEGHPLSLK.F 1.98E-06 2.97 1416.8 17/20 
 850 R.CPLTVVQSR.N 2.51E-04 2.97 660.7 14/16 
 1204 R.FIAEGHPLSLK.F 1.52E-06 2.86 1589.0 18/20 
 1186 K.NKPLVVQFQK.L 7.17E-06 2.63 543.9 15/18 
 1236 -.GIGTIISSPYR.- 2.18E-04 1.87 103.3 10/20 

2 

GLYG1_SOYBN (P04776) 
Glycinin G1 precursor [Contains: 

Glycinin A1a subunit; Glycinin Bx 
subunit]  5.95E-10 58.19 55671.7 

10 (9 1 0 0 
0) 

 1237 R.SQSDNFEYVSFK.T 1.20E-06 3.72 1078.7 18/22 
 1514 R.VLIVPQNFVVAAR.S 5.95E-10 3.53 704.3 20/24 
 1450 R.VLIVPQNFVVAAR.S 3.35E-05 3.30 608.2 19/24 
 1257 R.SQSDNFEYVSFK.T 2.02E-03 3.11 717.7 20/44 
 1184 R.LSAEFGSLR.K 4.51E-04 3.04 1189.6 15/16 
 1119 -.LSAEFGSLR.- 2.88E-03 2.96 1364.3 15/16 
 1302 R.SQSDNFEYVSFK.T 4.51E-06 2.93 954.2 17/22 
 1135 R.ALIQVVNCNGER.V 6.43E-05 2.53 1587.5 18/22 
 1154 -.LSAEFGSLR.- 4.53E-02 1.93 246.7 11/16 
 967 R.VFDGELQEGR.V 1.34E-04 1.53 324.4 11/18 
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Table 6-7.  Continued. 

3 

GLYG4_SOYBN (P02858) 
Glycinin G4 precursor [Contains: 
Glycinin A5 subunit; Glycinin A4 

subunit; Glycinin B3 subunit]  5.53E-10 50.24 63548.5 6 (6 0 0 0 0) 
 1297 K.YEGNWGPLVNPESQQGSPR.V 5.53E-10 4.72 779.6 21/36 
 1482 R.QFQLSAQYVVLYK.N 2.62E-07 4.37 1086.8 19/24 
 1342 K.THHNAVTSYLK.D 7.35E-03 3.75 1244.8 25/40 
 1300 K.YEGNWGPLVNPESQQGSPR.V 4.34E-03 3.72 869.6 24/72 
 1485 R.ISTLNSLTLPALR.Q 6.93E-04 3.06 875.9 16/24 
 1334 R.AIPSEVLAHSYNLR.Q 6.08E-10 3.00 674.5 20/26 

4 

GLYG3_SOYBN (P11828) 
Glycinin G3 precursor [Contains: 
Glycinin A subunit; Glycinin B 

subunit]  8.91E-05 40.17 54208.0 4 (4 0 0 0 0) 
 1119 K.LSAQFGSLR.K 1.71E-04 3.43 1364.3 15/16 
 1588 R.VFDGELQEGQVLIVPQNFAVAAR.S 8.91E-05 3.38 594.4 18/44 
 1618 K.NNNPFSFLVPPK.E 8.87E-04 2.28 644.6 15/22 
 1569 K.NNNPFSFLVPPKESQR.R 1.45E-02 2.08 158.3 13/30 

5 

GLYG2_SOYBN (P04405) 
Glycinin G2 precursor [Contains: 

Glycinin A2 subunit; Glycinin B1a 
subunit]  1.19E-07 28.23 54357.0 4 (3 1 0 0 0) 

 1605 R.VFDGELQEGGVLIVPQNFAVAAK.S 1.19E-07 4.60 1203.0 39/88 
 1577 R.VFDGELQEGGVLIVPQNFAVAAK.S 6.75E-06 3.21 458.9 19/44 
 996 R.ALVQVVNCNGER.V 5.19E-05 2.20 975.6 16/22 
 1569 -.NNNPFSFLVPPQESQR.- 1.45E-02 2.08 158.3 13/30 

6 

KTI1_SOYBN (P25272) Kunitz-
type trypsin inhibitor KTI1 

precursor  6.79E-07 20.16 22531.5 2 (2 0 0 0 0) 
 1358 K.EICPLTVVQSPNELDK.G 6.79E-07 3.22 798.6 19/30 

 1442 R.DTVDGWFNIER.V 5.64E-06 2.48 728.0 16/20 
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Table 6-8.  NCBI’s non-redundant Viridiplantae database search results for protein band 16. 
Data 
base 
hit Reference scan Peptide Probability 

Cross 
correlation 

score 
Molecular 
weight (sp) 

Peptide 
(Hits) 

1 

GLYG1_SOYBN (P04776) 
Glycinin G1 precursor [Contains: 

Glycinin A1a subunit; Glycinin Bx 
subunit]  1.80E-08 10.16 55671.7 1 (1 0 0 0 0) 

 1449 R.VLIVPQNFVVAAR.S 1.80E-08 3.12 638.3 19/24 



 146

 
Figure 6-1.  Protein bands (A – J) on an 8-16% Tris-Glycine polyacrylamide gel from 
molecular weight marker, seeds, and insect guts.  A and J, Mark 12 molecular weight marker; 
B, corn seed; C, insect gut fed on corn; D, cotton seed; E, insect gut fed on cotton; F, insect 
gut caught in soybean field; G, soybean seed; H, insect gut fed on soybean; I, insect gut fed 
only water.  Protein band numbers 1-16. 
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Appendix 1.  SAS sine wave growing degree day program: DEGDAY. 
 
options pageno=1; 
%macro hsine(station); 
  data _station2; merge &station &station(firstobs=2 rename=(min=minLead 
 date=dateLead)keep=min  date); 
    
   pi=constant('pi'); 
   tlow=16.5; 
   tup=32.5; 
   _a=(max-min)/2; 
   _mt=(max+min)/2; 
   if min=. or max=. then hsine=.; 
   else if min>= tup and max>tup then hsine=(tup-tlow)/2; 
   else if min< tlow and max<=tlow then hsine=0; 
   else if min>=tlow and max<=tup then hsine=(_mt-tlow)/2; 
   else if min<tlow and max<=tup then do; 
 x1=(tlow-_mt)/_a; 
 t1=atan(x1/sqrt(1-x1**2)); 
 t2=pi/2; 
hsine=(1/(pi*2))* ((_mt-tlow)*(t2-t1)+_a*(cos(t1)-cos(t2)) + (tup-
tlow)*(pi/2-t2)); 
end; 
 else if min>=tlow and max>tup then do; 
 x2=(tup-_mt)/_a; 
 t1=-pi/2; 
 t2=atan(x2/sqrt(1-x2**2)); 
hsine=(1/(pi*2))* ((_mt-tlow)*(t2-t1)+_a*(cos(t1)-cos(t2)) + (tup-
tlow)*(pi/2-t2)); 
end; 
  else if min<tlow and max>tup then do; 
 x1=(tlow-_mt)/_a; 
 x2=(tup-_mt)/_a; 
 t1=atan(x1/sqrt(1-x1**2)); 
 t2=atan(x2/sqrt(1-x2**2)); 
hsine=(1/(pi*2))* ((_mt-tlow)*(t2-t1)+_a*(cos(t1)-cos(t2)) + (tup-
tlow)*(pi/2-t2)); 
end; 
 
hsine1=hsine; 
min1=min; 
 
if abs(dateLead-date) < 2 then do; 
min=minLead; 
    
   _a=(max-min)/2; 
   _mt=(max+min)/2; 
   if min=. or max=. then hsine=.; 
   else if min>= tup and max>tup then hsine=(tup-tlow)/2; 
   else if min< tlow and max<=tlow then hsine=0; 
   else if min>=tlow and max<=tup then hsine=(_mt-tlow)/2; 
   else if min<tlow and max<=tup then do; 
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Appendix 1 (continued). 
 
x1=(tlow-_mt)/_a; 
 t1=atan(x1/sqrt(1-x1**2)); 
 t2=pi/2; 
hsine=(1/(pi*2))* ((_mt-tlow)*(t2-t1)+_a*(cos(t1)-cos(t2)) + (tup-
tlow)*(pi/2-t2)); 
end; 
   else if min>=tlow and max>tup then do; 
 x2=(tup-_mt)/_a; 
 t1=-pi/2; 
 t2=atan(x2/sqrt(1-x2**2)); 
hsine=(1/(pi*2))* ((_mt-tlow)*(t2-t1)+_a*(cos(t1)-cos(t2)) + (tup-
tlow)*(pi/2-t2)); 
end; 
    else if min<tlow and max>tup then do; 
 x1=(tlow-_mt)/_a; 
 x2=(tup-_mt)/_a; 
 t1=atan(x1/sqrt(1-x1**2)); 
 t2=atan(x2/sqrt(1-x2**2)); 
hsine=(1/(pi*2))* ((_mt-tlow)*(t2-t1)+_a*(cos(t1)-cos(t2)) + (tup-
tlow)*(pi/2-t2)); 
end; 
 
hsine2=hsine; 
min2=min; 
end; 
 
   if hsine1=. or hsine2=. then do; 
      HalfMiss='*'; 
   hsine=2*sum(hsine1,hsine2); 
   end; 
   else hsine=hsine1+hsine2; 
   dd=hsine; 
   drop minLead--HalfMiss; 
data &station; set _station2; 
proc datasets library=work; 
   delete _station2; 
run; 
 
%mend hsine; 
 
data eric; infile 'eric.txt' dlm='09'x dsd missover; 
   station='eric'; 
   input year month day max min; 
   date=mdy(month,day,year); 
   format date mmddyy8.; 
       
   array m month day max min; 
      do over m; 
      if m>900 then m=.; 
   end; 
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Appendix 1 (continued). 
 
min=5/9*(min-32); 
max=5/9*(max-32); 
   tempavg=(max+min)/2; 
   temp=tempavg; 
   diff=temp-17.5; 
   if diff<0 then dd=0; 
 
   else dd=diff; 
   if date not = dateold+1 then check=1; 
   dateold=date; 
   retain dateold; 
 
%hsine(eric) data=eric; 
run; 
 
%macro select (ds,dsout,start1,end1, 
                        start2,end2, 
      start3,end3, 
      start4,end4, 
      start5,end5, 
      start6,end6, 
      start7,end7, 
      start8,end8, 
      start9,end9, 
      start10,end10, 
      start11,end11, 
      start12,end12); 
   
   %let nparameters=0; 
   %do i=1 %to 12; 
      %if &&start&i= %then %do; 
   %let nparameters=%eval(&i-1); 
   %goto exit; 
   %end; 
   %end; 
%exit: 
%put &nparameters =; 
 
data &dsout;  
    length station $8; 
    set &ds; 
    keep station startdate enddate YrEnd  
  TurnDayF1-TurnDayF5; 
   format startdate enddate mmddyy8.; 
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Appendix 1 (continued). 
 
format turnday1 
 turnDayF1 
 turnDay2 
 TurnDayF2 
 turnDay3 
 TurnDayF3 
 turnDay4 
 TurnDayF4 
 turnDay5 
 TurnDayF5 
 mmddyy8.; 
 retain turnday1 turnDayF1 turnDay2 TurnDayF2 turnDay3 TurnDayF3 
 turnDay4 TurnDayF4 turnDay5 TurnDayF5; 
 drop turnday1-turnday5; 
 
%do i=1 %to &nparameters; 
   start=&&start&i; 
 
   end=  &&end&i; 
   endP=end-15; 
   YrEnd=year(end); 
   if start<= date <= end then do; 
      if date=start then do; ddcum=0; ddcumP=0;  ddcumD=0; 
 TurnDayF1=.; TurnDayF2=.; TurnDayF3=.; TurnDayF4=.; TurnDayF5=.;    
            end; 
      if max>20 and date>endP then; 
      ddcum+ dd; 
   if date<=endP then ddcumP+dd; 
   if ddcum<=300 then turnday1=date; 
   if 300<ddcum<=600 then do; 
      turnDayF1=turnday1 + 1; 
   turnDay2=date; 
   end; 
   if 600<ddcum<= 900 then do; 
      TurnDayF2=turnday2 +1; 
   turnDay3=date; 
   end; 
   if 1200<ddcum<= 1500 then do; 
      TurnDayF3=turnday3+1; 
   turnDay4=date; 
   end; 
   if 1500<ddcum<= 1800 then do; 
      TurnDayF4=turnday4 +1; 
   turnDay5=date; 
   end; 
   if 1800<ddcum<= 2100 then do; 
      TurnDayF5=turnday5 +1; 
   turnDay5=date; 
   end; 
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Appendix 1 (continued). 
 
if date=end then do; 
      startdate=start; 
   enddate=end; 
   ddcumD=ddcum-ddcumP; 
         output; 
   end; 
   end; 
   %end; 
run; 
%mend select; 
 
%select(eric,ericsub,   '3May2000'd,'30Dec2000'd, 
                        '3May2001'd,'30Dec2001'd, 
                        '3May2002'd,'30Dec2002'd, 
    '3May2003'd,'30Dec2003'd, 
    '3May2004'd,'30Dec2004'd,  
    '3May2005'd,'30Dec2005'd, 
    '3May2006'd,'30Dec2006'd,  
    '3May2007'd,'30Dec2007'd,); 
data select; set ericsub  ; 
run; 
proc print; 
run; 


