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ABSTRACT

Dual-geneBt cotton has reduced the need for insecticide treaBrfer bollworm,
Helicoverpa zea (Boddie), compared with original single-gelBitechnology. Bollgard
[I® (Monsanto, St. Louis, MO) and WideStrike® (DdvgroSciences, Indianapolis, IN),
both produce the CrylAc protein and a second prpo@iy2Ab or CrylF, respectively.
These dual-genBt cottons provide enhanced control of lepidopterasigdout remain
less than 100% effective against bollworm, partidylwhen population pressure is high.
Current recommended treatment thresholds for bottwen cotton in South Carolina are
as follows: treat with insecticides when three arenlarge larvae are found per 100
plants or when 5% boll damage is detected. Stwdéze conducted in an area prone to
high bollworm pressure near Blackville, South Ciauaplin 2010 and 2011 to develop
appropriate thresholds in Bollgard 1l and WideSdrdotton. Plots containing ndst;
WideStrike, and Bollgard Il cotton varieties wes@amined weekly and treated according
to treatment threshold protocols for one of théofeing: bollworm eggs, larvae in white
blooms, or boll damage. Although yields increasét wsecticide applications in non-
Bt cotton, statistical differences in yield among #ir@ds were not evident within tis
technologies. The conclusion drawn from this limigtudy was that insecticide
applications exclusively targeting bollworm werd necessary in dual-gei¢ cotton.
Higher levels of bollworm infestation and damageuwced in WideStrike cotton,
however, WideStrike lint yields in this study didtrdiffer among varying thresholds and
so did not support the conclusion that protectioategies be amended for each

technology.
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INTRODUCTION

Historically, the bollwormHelicoverpa zea (Boddie), and tobacco budworm,
Heliothis virescens (F.), have been major pests of cotton in the s@stieen United
States. The bollworm/budworm complex was the mastabing and costly of all the
cotton insect pests for 13 years between 1979 886 (Diffie et al. 2004). In 2002, the
complex was responsible for reducing cotton yiad®ss the US by 613 thousand bales
(2.31%) (Williams 2003).

Until the introduction of genetically engineeredtoa, the primary means of
controlling lepidopteran pests was chemical inset#s. However, resistance to
organophosphates and pyrethroids during the 1990ised the effectiveness of chemical
control (Gore and Adamczyk 2004). In 1996, Monsaoporation (St Louis, MO) was
the first to commercialize genetically engineerettan. Bollgard® cotton expressed
CrylAc proteins from a gene found in the soil baata Bacillus thuringiensis kurstaki
Berliner Bt). TheBt gene was introduced into cotton to enable engidegiants to
produce their own insecticidal CrylAc endotoxiryghieducing the need for insecticide
applications (Perlak et al. 2001, Gore and Adam@fe4).

Bollgard cotton was found to be highly effectiveténvirescens and moderately-
to-highly effective againdil. zea. In most situations, annual applications of inesb¢
remained necessary to prevent yield loss from lwoliwbecause the species is less
susceptible than tobacco budworm and often avowmisatity through larval behavior

such as feeding on blooms which contain lower eeélthe toxin (Gore et al. 2003).



Because CrylAc is variably expressed in the caitant, some plant parts (such
as the blooms) have lower concentrations of that@ore and Adamczyk 2004). In
addition to differences in titer of toxin by plasttucture, crop maturity also affects the
level of CrylAc expression (Gore et al. 2003). Gpdate et al. (1998) found that
expression of the CrylAc toxin was non-uniform tigbout the plant, was often lower in
cotton blooms, and decreased in squares and Isalleayrowing season progressed
(Greenplate 1999). In diet choice studies, bollwtamae were able to discriminate
between diet containing CrylAc and untreated chetghowed preference for the
untreated diet (Greenplate et al. 1998). Behaviadifitation, differential survival on
blooms, and overall general reduced susceptiltdi§t proteins were cited as reasons
why bollworm were able to survive @t cotton (Gore and Adamczyk 2004).

Action thresholds based on the number of eggs, eumuid size of larvae, and on
observed boll damage were refined because Bollgasdnot 100% effective in
controlling bollworms (Sullivan et al. 1998). In@®), Monsanto Company released a
dual-Bt gene cotton technology called Bollgard II®, whidgleguces the origindst
protein (CrylAc) and a second protein (Cry2Ab). Tyears later, Dow AgroSciences
(Indianapolis, IN) released WideStrike® cotton, e¥halso produces the origiria
protein (CrylAc) combined with a differeBt protein (CrylF). These dual-geBe
cotton varieties provide better control of bollwotinan the original, single-gene
technology, in Bollgard varieties (Gore et al. 2D@8dthough dualBt gene technologies

further enhance control of caterpillars and redheeneed for insecticides, Bollgard Il



and WideStrike cotton varieties do not offer 1008atcol of bollworm (Greene and
Robinson 2010) and continued refinement of treatrttersholds is warranted.

In laboratory studies conducted by Stewart et28l0(), the greater toxicity of
dual-geneBt cotton on lepidopterans compared with single-détreotton was
demonstrated. Survival and growth rate were reducedultiple species, including
bollworm, fall armyworm Spodoptera frugiperda (Smith), and beet armyworm,
Spodoptera exigua (Hubner). Stewart et al. (2001) concluded that -dosin technologies
would be more effective and have a wider rangectvigy than first-generatioBt
cotton.

Differential toxin expression in the plant betweenry2Ab (Bollgard II) and
CrylF (WideStrike) are issues that exceed the aegtinvhether two endotoxins are
more effective controlling lepidopterans than ondaoxin. Results from field cage
experiments conducted in Mississippi to determiokmrm impact on Bollgard 1l and
WideStrike cotton suggested that bollworm wouleharcause yield loss in either
technology (Gore et al. 2008). In a study in Na&2#rolina, Bollgard Il showed greater
efficacy than WideStrike or Bollgard when bollwopressure was high (Bacheler et al.
2006). Under light or moderate pressure, howeherdtual-gen®t technologies did not
differ in bollworm control (Bacheler et al. 2006).

Greene and Robinson (2010) reported differencegdsst Bollgard Il and
WideStrike in lint yield potential, sustained bddmage, and compensatory ability from
trials conducted in South Carolina. Both technasdienefited from supplemental

control of bollworm when exposed to high numberbafworm (Greene and Robinson



2010). Because bollworms have the ability to cacsomic damage, and neither
technology demonstrates 100% control of the spea@®n thresholds may need to be
developed specifically for each dual-gdtdechnology.

Studies comparing efficacy between Bollgard, Baligh, and WideStrike cotton
varieties under naturally occurring high pressweehbeen conducted (Bacheler et al.
2006, Greene and Robinson 2010), as have triatsvéstigate injury levels from
artificially infested dual-genBt cotton (Gore et al. 2008). However, current thrésho
recommendations for du8gene cotton in South Carolina remain similar teshiolds
used for bollworm on single-geft technologies, less the egg threshold
recommendation (Greene and Robinson 2010).

The objective of this study was to refine actioreiiholds for each dual-geBe
technology in order to better enable growers toagarbollworms. These studies address
the development of thresholds for bollworm in Balig Il and WideStrike cotton in areas
prone to historically high natural infestation I tspecies. Thresholds based on egg
density, larvae in blooms, and percent boll danvagie investigated during the 2010 and

2011 growing seasons.



LITERATURE REVIEW

Cotton,Gossypium hirsutum L., is a perennial plant of tropical origin that is
grown as an annual crop in the United States. @dt&s an indeterminate fruiting pattern
and produces more fruit each season than can heedgGuinn 1982). From a study in
Louisiana, only 24-36% of flowers produced duringrawing season matured to
harvestable bolls (Kennedy et al. 1991), and athaties have shown higher and lower
rates of boll production from blooms. First positioolls on sympodial branches are the
most valuable fruits in terms of yield (Gore et2000) and, under ideal conditions, the
first position sympodial locations may produce agmas 35% more harvestable bolls
than sites at or beyond the second position (Jerdtial. 1990, Jones and Snipes 1999).

Cotton’s indeterminate growth habit allows it tahgitand the loss of fruiting
structures without significant reduction in yiektuit abscission is a natural occurrence
that brings the fruit load into balance with theidable nutrient, carbohydrate, and water
supply (Guinn 1982). Fruit can be abscised dudiotia causes such as nutrient
deficiency, water stress, temperature, and mecakiniciry, as well as from biotic causes
such as insects and pathogens (Guinn 1982). Codlmigcompensate for abscised bolls;
however, if the pressure is at a high enough leainomic damage will occur.

A wide spectrum of insect pests can cause econdamage and yield loss in
cotton, such as thrips, plant bugs, stink bugahibppers, and caterpillars (Gore et al.
2000, Adamczyk and Burris 2004). After eradicatodithe boll weevil Anthonomus
grandis grandis Boheman, from the Southeast and before the retddsgnsgenic cotton

varieties containing genes from the bacterBemillus thuringiensis (Bt), some of the



primary pests of the crop in the United States vpank bollworm,Pectinophora
gossypiella (Saunders), bollworntielicoverpa zea (Boddie), and tobacco budworm,
Heliothis virescens (F.) (Gore et al. 2000). In the 2002 cotton indesses presented at
the Beltwide Cotton Conferences, Williams (2003)areed that the bollworm/budworm
complex reduced US cotton yields by 613, 102 b@exl%).

On cotton, female bollworm and tobacco budworm makposit their eggs on
young leaves and points of growth (Guinn 1982géneral, bollworm eggs are
deposited on the top third of the cotton plant arust are concentrated near plant
terminals (Gore et al. 2002). After the eggs haimtvae move down the plant and feed
on young tissue, squares, and bolls and progrdsedioon more mature bolls as they
grow. Caterpillar feeding damage stimulates thetgla produce ethylene which can
trigger shedding of damaged squares or bolls (GL@8%2).

In 1996, Monsanto Corporation (St. Louis, MO) wae first to commercialize
genetically engineeret cotton.Bacillus thuringiensis (Bt) is a gram-positive soil
bacterium that naturally produces a protein crystiaicture during sporulation. Insects
that ingest this crystalline structure solubilizevith proteases of the midgut where the
environment is at the right alkaline pH level: Swolized proteins releaseendotoxins
which then interact with the midgut epithelium. Mamane integrity is compromised in
sensitive individuals and those insects may dimfstarvation, paralysis, or septicemia
(Gill et al. 1992). Severdt genes have been identified, which code for the ybdn of
toxic proteins. The primary structure is depenaenthe coding gene and the specific

endotoxin released is toxic to different insectupr® The Cryl or Cry2 proteins are toxic



to lepidopterans (Gill et al. 1992). Bollgard® ¢wéirs expressed the CrylAc endotoxin
which reduced the need for insecticide applicationsepidopteran pests such as the
tobacco budworm and bollworm. The3&proteins were found to be safe for human use
and target-specific to the insect order Lepidop(Eexlak et al. 2001, Gore and
Adamczyk 2004).

Transgenidt cotton has demonstrated very good contrdf ofirescens andP.
gossypiella (Williams 2000). WhileBt cotton is toxic to both the tobacco budworm and
the bollworm, it is more active against tobaccovwon. Soon after the introduction of
Bt cotton, it was determined that bollworms often regpisupplemental treatment
(Layton et al. 1997). The CrylAgt toxin suppressed bollworm populations, but
economic injury still occurred under pressure filange populations (Pitts et al.1999,
Gore et al. 2003, Greene and Robinson 2010).

Smith (1997) noted that bollworm numbers peakedéwiuring the 1996
growing season in Alabama. During mid-to-late Jth, peak was attributed to the
movement of moths from maturing corn into cottane&rly September, high survival of
bollworm on cotton was attributed to elevated nurslearly in the season and later to
location where eggs were laid on the plants (Sa8®7). This pattern continues to be
present in the Southeast. Pheromone trap numhbebpsifarorm from 2007 to 2009 in
Barnwell County, South Carolina, supported the /Audgust peak in numbers reported
previously (Greene and Robinson 2010).

Egg location on the plant affects rates of larvasval because thBt toxin is not

uniformly expressed throughout the plant (Adamoetykl. 2001). Bollworm has a broad



host range and early-season larvae primarily devetoweed hosts (Head et al. 2010).
The complex of bollworm and tobacco budworm hasilseported to feed collectively
on over 130 plant hosts (Diffie et al. 2004). Cand sorghum are major hosts for the
complex from mid-June to mid-July, and movemenliédeflights) to hosts such as
cotton, soybeans, and peanuts occurs later inehsoa (Head et al. 2010). In the
Southeast, the critical flight of bollworm mothsngeally occurs in mid-July (Sullivan et
al. 1993, Smith 1997). Using certain broad-spectinsacticides just before a large
bollworm flight can actually increase crop damageduse predaceous arthropod
populations are decimated (Turnipseed and Sullh@89). Natural enemies of bollworm
such as lacewings, lady beetles, geocorids, aret ptledaceous bugs can reduce
bollworm populations and their associated croprinflopez et al. 1976, Hutchinson and
Pitre 1983).

Pheromone traps are used to monitor moth actibitytrap numbers are often
poorly associated with larval densities in thedi@Diffie et al. 2004) because moths are
extremely mobile and the specific crops within ealized area have little impact on
populations oH. zea (Jackson et al. 2003). However, corn may impaztoial
population on a larger scale. Diffie et al. (206z)nd a significant correlation between
corn acreage and populations of bollworm (Diffi@et2004). The wide host range and
mobility of H. zea make it difficult to characterize what factorsthe agroecosystem are
contributing to population numbers (Jackson e2@03).

The expression of CrylAc in Bollgard cotton vaneith the structure and

maturity of that structure (Gore et al. 2003). Adayk et al. (2001) used an ELISA test



to corroborate with earlier studies (Fitt 1998, H#98, Sachs et al. 1998, Greenplate
1999) showing that levels of toxin decreased inyr@ant parts as the season
progressed. The more than 25 diffeBnvarieties expressed dissimilar levels of CrylAc
d-endotoxin (Adamczyk et al. 2001). CaterpillarsttharvivedBt toxins (called

“escapes”) from Bollgard cotton were observed ialma (Smith 1997) and were
originally thought to be from extremely high bollmo numbers. However, escapes were
also observed under moderate pressure, and funtrestigation showed that eggs laid
on dried blooms (bloom tags) led to the increas¢el of survival (Smith 1997). The
bloom tags did not express a lethal amourBtdbxin, allowing caterpillars to feed and
increase in size. Although there were no observetépences for bloom tags Bt cotton
versus conventional varieties (Smith 1997), bollwdarvae were able to discriminate
between diet containing CrylAc and untreated didt@nsequently showed preference
for the untreated diet (Greenplate et al. 1998jield trials conducted by Adamczyk et
al. (2001) in Mississippi, it was reported thatlwoirms were predominantly found
feeding on flowers, squares, and bolls as oppasetetistematic tissue wheBt protein
levels are highest.

Bollworm may preferentially oviposit near flowersBt cotton. Gore et al. (2002)
found more bollworm feeding on white blooms in Baltd cotton versus conventional,
non-Bt cotton in Louisiana. Tobacco budworms dispersedintly onBt cotton versus
conventional varieties, with more caterpillars nmgvaway from the plant terminals and
at a faster rate oBt cotton compared with movement on nBnvarieties (Parker and

Luttrell 1999). Gore et al. (2002) found that balhm larvae began to migrate away from



Bollgard terminals within the first hour of eclosid_arvae of bollworm and tobacco
budworm might detect thi8t proteins and exhibit an avoidance response. Stigies
Greenplate (1999) found decreased levels of CrydtArdotoxins in squares and bolls,
as well as increased feeding by tobacco budwortheagrowing season progressed,
supporting the hypothesis that differenceBtiexpression are based on structure and
maturity. Bollworm larvae that feed lower on tharmt and on older reproductive
components are more likely to survive than thosg fied on fresh tissue such as white
blooms. The feeding habits and subsequent redwsse gtibility of bollworm to CrylAc
endotoxins makel. zea more likely to survive and damage Bollgard cottGore et al.
2003).

During the first three years of commercial-userahsgenidt cotton, additional
bollworm control, in the form of foliar insecticidgplications, was required in order to
prevent economic injury (Smith 1997; Layton etl&l97, 1998; Leonard et al 1997,
1998; Roof and Durant 1997; Gore et al. 2000). $nr@ey conducted across Mississippi
in 1997, it was reported that transgenic cotton @féective in controlling tobacco
budworm, but high populations of bollworm still hdeé capacity to cause excessive
damage in some cases (Layton et al. 1998).

Roof and Durant (1997) found that at least onedigde application was
required forBt cotton compared with 4.8 applications in converdlarotton fields in
South Carolina. Despite reduced insecticide usdd yincreases of 11 and 23% were
observed irBt cotton treated with additional insecticide appl@as in Louisiana

(Leonard et al. 1998). Althougdst toxins specifically target lepidopteran pests,
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supplemental foliar insecticides are also necedsargntrol bollworm escapes and other
insect pests (Leonard et al. 1997, 1998). The tamfansecticide applications in
transgenidt cotton in South Carolina were initially definedsamk bugs and bollworm
(Roof and Durant 1997). Across the Cotton Beltpséary insects such as stink bugs,
plant bugs, and armyworms became more prominetd pekte season Bollgard cotton
(Pitts et al. 1999).

Mi et al. (1998) reported that monitoring eggs tanfs to anticipate feeding
damage from caterpillars was no longer usefulanggenic cotton because Bte
technology should kill newly hatched larvae. Howe®&llivan et al. (1998)
recommended an egg threshold of 75 eggs per 1@€glacause small larvae feeding
underneath bloom tags could survive and were ditfio detect. At two locations in
South Carolina (one using disruptive insecticideddcimate natural enemies and the
other left undisturbed), insecticide applicatiossg the egg threshold as opposed to the
escaped worm threshold (8 large larvae per 10Gg)larcreased lint yields by 65 and 93
kg/ha (58 and 83 Ib/acre), respectively (Sullivaale1998). Transgenic technology and
the use of more selective insecticides have magkzirpest management decisions more
complex. Static thresholds based on the experiehtte pest manager or
recommendations from the local Cooperative ExtenSiervice do not reflect changes in
production costs, crop prices, or physiologicacspsibility of cotton varieties (Mi et al.
1998).

Because one or two annual insecticide applicatioag be necessary to prevent

economic loss from bollworm, action thresholds westablished in most states (Gore et
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al. 2008). Action threshold recommendations foibotm in single-gen®&t technology

in South Carolina were: 75 eggs, 30 small (<6.35 [®u25 in]) larvae, or 3 large (>6.35
mm [0.25 in]) larvae per 100 plants, or 5% boll da® (Greene 2010). However, single-
Bt gene technology (Bollgard) was no longer commdscatailable after the 2010
growing season (Greene and Robinson 2010).

Guidelines were developed to prevent or postpoa@évelopment of resistance
among target insects Ri cotton. The strategy was to combine the plantingudtfvars
with high doses of the toxin with refuge plantirigat contained no toxin (Gould 1998).
Mandating refuge planting of ndsi-cotton was intended to produce susceptible
individuals to mate with resistant adults and thgrnerevent the production of resistant
offspring (Caprio 1994). The high fitness costated to CrylAc resistance could,
however, delay or inhibit field populations of atirm from developing resistance to
Bollgard cotton (Anilkumar et al. 2008). Dual-toxsnltivars are more toxic and have a
wider range of activity on lepidopteran pests (Stewet al. 2001) and may further delay
or inhibit the development of resistance.

In 2003, Monsanto released a dual-toRtrcotton called Bollgard 1I® that
expresses the original CrylAc protein as well a28b. In 2005, Dow AgroSciences
(Indianapolis, IN) released a dual-toxin technologited WideStrike® that expresses
CrylAc and CrylF (Gore et al. 2008). Dual-gene netbgies provide enhanced control
of lepidopteran pests, but do not offer 100% cdrdfdollworm, and additional

insecticide might still be needed (Greene and Rsuir2010).
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Laboratory studies conducted by Stewart et al. 12@Garly demonstrated the
greater toxicity of dual-gengt cotton on lepidopterans over expression of ordingle
insecticidal protein. In bioassays, larvae fed ptesues containing both CrylAc and
Cry2Ab experienced higher mortality than larvae dadcultivars containing CrylAc
(Stewart et al. 2001). In another study, the addéi gene in Bollgard 1l that codes for
the Cry2Ab protein was also found to increase tbetality of bollworm larvae (Gore et
al. 2001). The combination of genes and toxinscééfé the survival and growth rate of
multiple species, including. zea, Spodoptera frugiperda (Smith), andSpodoptera
exigua (Hubner) Dual-toxin technologies are more effective and heavader range of
activity than first generatioBt cotton (Stewart et al. 2001). Second generdBiacotton
is generally considered 100% effective against¢obdudworm. It has also enhanced
protection against bollworm compared with sinBtegene varieties, yet Bollgard Il and
WideStrike still produce yield gains when there adlditional insecticide applications
(Greene and Robinson 2010).

Bollgard Il and WideStrike cotton vary in efficabgcause of the different Cry
proteins expressed between technologies. Datafieddacage experiments conducted in
Mississippi suggested that bollworm would rarelysmyield loss in either technology
(Gore et al. 2008). Bacheler et al. (2006) indidateat Bollgard Il had greater efficacy
than WideStrike or Bollgard cotton when grown uniigth bollworm pressure in North
Carolina. DualBt gene technologies did not differ in controllinghtgr moderate

infestations of bollworm (Bacheler et al. 2006).
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Whereas larvae tend to migrate away from termimaBollgard and Bollgard |l
cotton varieties, bollworm are more often founddieg on terminals in WideStrike
varieties (Jackson et al. 2010). Bollworm and tabamudworm have been observed
migrating down the plant and away from terminal8tcotton varieties containing the
CrylAc gene (Parker and Luttrell 1999, Gore eR2@D2). However, Jackson et al. (2010)
concluded that the combination of CrylAc and Crptéteins in WideStrike did not
have any measurable effect on larval movement dspay plant terminals as compared
with larval movement on a ndst-cotton variety.

Efficacy trials conducted by Greene and Robins@1(2 from 2006 to 2009 in
South Carolina found differences in boll damagesedlby bollworm between Bollgard
Il and WideStrike, and both technologies benefftech supplemental control when
exposed to extreme bollworm pressure. Althoughtgrdasses in lint yield were
sustained in some WideStrike varieties than thoserred in Bollgard Il varieties, it was
speculated that the extended optimal growing canditallowed the full-season
WideStrike variety to compensate for the relativedyly and elevated damage caused by
bollworm feeding (Greene and Robinson 2010). Accgydo Pitts et al. (1999), the area
of South Carolina where this research took plade ise management region, “Savannah
River Valley: Eastern Georgia-South Carolina betberlakes” and that “there is no
region in the Southeast that has the intensityediptability of bollworm pressure than
this region”. Because neither technology demoresra©0% bollworm control, and these
pests have the ability to cause economic damagienabresholds need to be modified

specifically for each technology.
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MATERIALS AND METHODS

Species Determination

Populations of bollworm and tobacco budworm weoaitored three times per
week by counting moths caught in pheromone-baitadsthck-type traps (Hartstack et
al. 1979) placed in undisturbed locations (e.gr peaver poles, etc) around row-crop
production fields at the Edisto Research and Educ&enter near Blackville, South
Carolina. Pheromone lures (Luretape lures, Heraonrgnmental, Philadelphia, PA) for
bollworm and tobacco budworm were replaced in eggh (10 traps for each species)
every week from May to early October in 2010 an@i20rrapping data were used to
estimate proportions of the two species that weingositing and feeding near the
location of the trials conducted in this study.

Caterpillars were collected from ndt; WideStrike, and Bollgard Il cotton
varietieson 2, 6, and 16 August 2011, and late instars vdergtified using a dissecting
scope based on a distinguishing character of thdibles. Tobacco budworms have a
tooth-like projection on the inner surface of thandibles, whereas bollworms do not
have this projection (Boyer et al. 1977, Jia eR8D7). Because early instars are difficult
to manipulate and mandibular characters are imgjsishable under the dissecting scope,
early instars were kept and held on artificial dietil large enough to examine as late
instars. The combination of data from pheromongstiand the dissections served to
determine abundance of each species.

Voucher specimens of oitelicoverpa zea and oneHeliothis virescens larvae

were collected 9 August 2011from cotton at the t6dREC near Blackville, South
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Carolina. Specimens were preserved in 80% ethghalcand deposited in the Clemson

University Arthropod Collection.

Overview of Trials

Three separate replicated trials were conduct@@1® and 2011 at the Edisto
Research and Education Center near Blackville,ISGarolina. Each trial consisted of
non-Bt (DP174RF), WideStrike (PHY565WRF), and BollgardDP0949B2RF) cotton
varieties planted on 14 May 2010 and 18 May 201dtsRvere eight rows by 12.2 m (40
ft) and treatments were replicated four times usimgndomized complete block design.
Standard cotton production practices were folloasautlined in the Clemson
University Cooperative Extension Service CottondRation Guide (Jones et al. 2011).
Acephate (Orthene 97), a foliar organophosphats,apalied at 1.09 kg (Al)/ha (1
Ib/acre) during the first week of bloom to elimiegiredaceous arthropods and maximize
bollworm pressure. Insecticides ineffective on digmiterans, but efficacious on
hemipterans were applied twice across the entsteatea each season to minimize yield
impact. In 2010, thiamethoxam (Centric 40 WG) wagliad at 0.07 kg (Al)/ha (2.5
oz/acre) on 22 July and dicrotophos (Bidrin 8 E@pwapplied at 0.56 kg (Al)/ha (8
oz/acre) on 9 August. In 2011, methyl parathiontfiye4 EC) was applied at 0.84 kg
(Al)/ha (1.5 pt/acre) on 18 July to both controfrhpteran populations and also disrupt
beneficial arthropods. Dicrotophos (Bidrin 8 EC)svepplied at 0.56 kg (Al)/ha (8

oz/acre) on 4 August. Plots meeting or exceedirggetad action thresholds for bollworm
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(Table 1) were sprayed weekly alternating betwasta-cyfluthrin at 0.023 kg (Al)/ha

(2.6 oz/acre) anthmbda-cyhalothrin at 0.045 kg (Al)/ha (5.12 oz/acre).

Table 1. Target action thresholds for bollworm edgsae in blooms, and boll
damage in cotton near Blackville, South Carolina2010 and 2011.

Threshold Treatments
type
Egg density| Untreated Sprayed 25 75 125 (100)*
(Test 1) control weekly eggs per | eggs per 100 eggs per
100 plants plants 100 plants
Larvae in Untreated Sprayed 4or5 15 25
white control weekly larvae per | larvae per | larvae per
blooms 100 blooms| 100 blooms 100
(Test 2) blooms
Boll damage| Untreated Sprayed 4 or 5% 10% 20%
(Test 3) control weekly boll damage boll damage boll
damage

*Parentheses indicate modified threshold for 2011

Test 1- Eqg Density Threshold

Following first bloom, plots were monitored weelkdy bollworm eggs. Because
bollworm eggs are deposited on the top third ofcibigon plant and most concentrated
near the plant terminals (Gore et al. 2002), eggite was determined by visually
examining the top 20% of 25 plants per plot. Plasatsipled were located in the middle
four rows and away from the plot edge. Eggs weretax on leaves, terminals, pre-
floral buds (squares), bracts, and stems.

Test 2- Larvae Density Threshold

At bloom initiation, plots were monitored weekly featerpillars by visually
examining 25 bloomsdrg situ) per plot and classifying larvae present as smél35mm
(0.25in), or large, >6.35mm (0.25 in). Blooms wehesen from the middle four rows

and away from plot edges. When fewer than 25 wildems were observed per plot, the
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numbers of caterpillars in available blooms wergapolated. If no blooms were present
in a plot, larvae density was assumed to have eghittte highest threshold. Larvae were
initially categorized as small or large, but nunsbef small and large caterpillars were
totaled per plot for analysis.

Test 3- Boll Damage Threshold

After the first cohort of bolls reached “dime” sigeall varieties, approx. 12.7
mm (0.5 in) in diameter at widest point, plots weramined weekly by visually
examining 25 bollsif situ) per plot for bollworm feeding injury. Bolls weokosen from
the middle four rows and away from plot edges. 8wlere considered “damaged” when
at least one site on the boll wall was compromimepenetrated by lepidopteran feeding
injury. When there were fewer than 25 bolls pet,ahissing bolls from fruiting
positions were considered damaged and those trettwere considered above
treatment threshold.

Plant Measurements

In 2010 and 2011, stand counts were taken to mostiamd uniformity and verify
that plot yield would not be impacted by non-unifiostands. During 2010, numbers of
plants in one meter of row were counted in fouatmns in each plot (4 m total). In
2011, total number of plants in rows four and fivere counted (each row being 12.2 m).

Nodes above white flower (NAWF) counts were takeeé times each season to
assess plant maturity and determine physiologimatcut”, indicating a maturing crop

and last cohort of harvestable bolls (Bernharail.et986). In the Southeast,
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physiological cutout is generally thought to haeewred when plants average five or
fewer nodes above the highest first position whdeer (Bernhardt et al. 1986).

Before the 2011 harvest, plant mapping was domesponse to data from 2010
that suggested significant yield compensation spoase to bollworm injury occurred.
Five plants per plot were measured, examined, aquped to look for compensatory
growth behavior. All bolls were counted and consedeharvestable, worm-damaged,
unharvestable, or abscised. Node and branch posigoe also noted. Following plant
mapping, cotton was mechanically harvested andypdtds were calculated assuming
40% lint turnout.

Statistical Analysis

Data for each test were subjected to a two-wayategemeasures analysis of
variance with date and treatment threshold as fetégtts and replication as a random
effect (PROC MIXED, SAS Institute Inc. 2011). D&aling the Shapiro-Wilkes test for
normal distribution were transformed prior to ANOVEBgg data were transformed using
log(x+1), larvae data were transformed usiig+1), and boll damage data transformed
using arcsin(proportion of damage). Tukey mean separation tests also performed
using SAS 9.3 (SAS Institute Inc. 2011). Node abotée flower data were subjected to
a one-way repeated measures analysis of variarthedate as a fixed effect (SAS

Institute Inc. 2011).
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RESULTS AND DISCUSSION
Overview

Species Determination

Eggs were estimated to be primarily those of baliwand not tobacco budworm
based on pheromone moth trap data (Figure 1) aedpdéar collection and
identification data. Moth populations peaked irelAugust for both species in 2010 and
2011. However, bollworm and tobacco budworm peakbers were lower in 2011 than
in 2010. Factors such as overwintering conditiamgfipae, and other seasonal variation
may largely have accounted for this difference. omths of December preceding the
2010 and 2011 cotton seasons were markedly difféndemperature and precipitation.
In December 2009, the average minimum temperatase2:b °C (36.4 °F), with an
extreme low of -3.5 °C (25.7 °F). The following @ecber had a sustained period of cold
temperatures, with average lows of -2.8 °C (2F)dand an extreme low of -9.9 °C (14.2
°F). December 2009 was both warmer and wetter reitbrded rainfall of 24.6 cm (9.7
in) compared to December 2010 and 6.22 cm (2.46firgcorded rainfall (National
Climatic Data Center). Soil conditions impact ballm survival because bollworm
pupae overwinter in the soil. The harsher winterdittons in December 2010 may have
been a significant factor in reducing the overwiimig population of bollworm thus

reducing the numbers found on cotton during thel2fifbwing season.
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Figure 1. Numbers of bollworm (BW) and tobacco bodw (TBW) adults caught i

pheromone traps baited weekly neaackville, South Carolina, i2010 (A) and 201
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Of the caterpillars collected (31) in 2011 fr@nhcottonvarieties, all were
bollworm. Only 2 of the 70 caterpillars found inmBt cotton were tobacco budworm. It
was expected that tobacco budworm larvae wouldedbund on dual-gerigt cotton
becausdt endotoxins exhibit complete field control of tobadmidworm (Stewart et al.
2001). Tobacco budworm represented only about 3feofwo-species when
considering only data from ndst-cotton. The pheromone trap data also showed arlarg
number of bollworm adults compared with tobaccovbmiain adults (Figure 1). All eggs,

larvae, and plant injury counted were thereforespmeed predominantly from bollworm.

Stand Counts

The recommended plant stand for cotton in Soutll®aris 6.6-9.8 plants per
row meter (2-3 plants per row foot) (Jones et @l1). Stand averages per technology in
2010 were as follows: not, 9.28 + 0.10; WideStrike, 9.01 + 0.11; and Bolth#r
8.85 + 0.12 plants per row metén.2011 nonBt, 6.05 + 0.10; WideStrike, 6.08 £ 0.11;
and Bollgard II, 6.40 +0.14 plants per row metd¢ands in 2011 were thinner than in
2010; however, differences within cotton technadsgivere not significant (P > 0.05).
Lint yield differences within each technology wéhnerefore likely attributable to
bollworm feeding damage and variable levels ofcdtisgle protection rather than to

variations in stand density.

Crop Maturity (NAWF Counts)

Although comparable maturing varieties were chdsethese trials,

measurements were taken to detect potential matlifierences due to multiple factors
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including insect injury. Unprotected cotton may esipnce delayed maturity as resources
are diverted to vegetative growth because of indactage. In 2010, some plots had
caterpillar feeding damage so severe that firsitiposwhite flowers were scarce. Many
NAWEF data in plots of nomt cotton could not be determined due to the highllefve
damage and absence of blooms. Because of high @aanagnissing data in ndst-

cotton in 2010, average NAWF calculations are uapéd measures of plant maturity.
Node above white flower trends should decrease threeseason as cotton plants mature
(Gore et al. 2000). In 2011, cotton maturation wlaserved over the three dates in all

varieties (Table 2).
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Table 2. Node above white flower counts (+SEM) atadistical comparisons for 2010 and 2011

by technology, averaged across threshold andritesition near Blackville, South Carolina, 2010
and 2011.

Cotton technology
Year Date

Non-Bt? WideStriké Bollgard IF

2010 26 July 425+031A 433+0.15A 3.97+0.12A

5August 4.76 £057A 422+0.15A 3.65+0.12A

12 August 4.54+0.28 A 390+0.15A 3.09+0.12B

F 0.4¢ 2.3¢ 16.96

P>F 0.6141 0.0956 <0.0001

2011 15 July 701+0.11A 691+0.12A 6.88+0.11A

29 July 460+0.11B 465+0.12B 4.38+0.11B

15 Aug 252+0.11C 249+0.12C 214+0.11C

F 486.72 423.39 683.43

P>F <0.0001 <0.0001 <0.0001

®NAWF counts in the same column and year with aedifiit letter are significantly different
vdf=2, 46

‘df=2, 155

ddf=2, 136

¢df=2, 175

"df=2, 174

9df=2, 176

24



Table 3. Statistical comparisons of bollworm egd karval densities and boll damage in cotton Backville, South Carolina, 2010 and

2011.
Year Management factor combination Egg density aanensity Boll damage
df F P>F df F P>F df F P>F
2010 NBT Threshold 4,39.2 097 0.4356 4,446 3.92 0.0082 4,16.8 2.75 0.0630
NBT Date 8,774 11.86 <0.0001 6,67.1 79.32 <0.0001 5,46.6 3579 <0.0001
NBT Threshold*Date 32,774 0.95 05449 24,67.1 2.54 0.0015 20,46.6 1.95 0.0310
WS Threshold 4,485 1.05 0.3910 4,425 10.08 <0.0001 4,36.3 4.42 0.0052
WS Date 8,711 32.16 <0.0001 6,68 20.06 <0.0001 5,624 4.26 0.0021
WS Threshold*Date 32,711 0.96 0539 24,68 391 <0.0001 20,62.4 0.79 0.7199
BGII Threshold 4,346 145 0.2377 4,39.1 0.97 0.4374 4,322 3.19 0.0260
BGII Date 8,71 18.01 <0.0001 6,66.1 4.50 0.0007 5,50.6 1.19 0.3254
BGII Threshold*Date 32,71 0.95 05509 24,66.1 091 0.5851 20,50.6 1.53 0.1125
2011 NBT Threshold 4,29.2 3.02 00337 4,232 204 0.1216 4,173 4.91 0.0079
NBT Date 5,515 16.29 <0.0001 4,452 5.2 0.0011 4,45 6.01  0.0006
NBT Threshold*Date 20,51.5 1.07 0.4066 16,452 2.12 0.0245 16,45 121 0.2994
WS Threshold 4,159 0.29 0.8821 4,222 0.48 0.7524 4,20.8 0.69 0.6075
WS Date 5,579 33.56 <0.0001 4,48.7 7.98 <0.0001 4,495 5.49 0.0010
WS Threshold*Date 20,57.9 0.53 09421 16,48.7 0.19 0.9997 16,495 1.24 0.2699
BGII Threshold 4,276 130 0.2929 4,204 1.00 0.4317 4,32 471 0.0042
BGII Date 5,60.1 19.39 <0.0001 4,42 10.17 <0.0001 4,46.4 1.48 0.2223
BGII Threshold*Date 20,60.1 1.05 0.4196 16,42 1.08 0.4051 16,46.4 0.78 0.6960
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Table 4. Statistical comparisons of cotton linigieear Blackville, South Carolina, 2010 and 2011.

Year Management factor Egg density test Larvasitetest Boll damage test
df F P>F df F P>F df F P>F
2010 NBT Threshold 4,15 26.58 <0.0001 4,14 37.55 <0.0001 4,15 33.57 <0.0001
WS Threshold 4,14 0.85 05189 4,14 4.73 0.0126 4,14 0.94 0.4695
BGII Threshold 4,14 273 0.0715 4,14 1.47 0.2640 4,14 3.18 0.0471
2011 NBT Threshold 4,14 10.6 0.0004 4,14 2.57 0.0837 4,15 9.01 0.0006
WS Threshold 4,14 0.89 0.4958 4,14 0.93 0.4746 4,15 0.84 0.5226
BGII Threshold 4,14 143 0.2757 4,14 2.37 0.1028 4,14 0.89 0.4979
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Egqg Density Threshold

In 2010, the highest threshold of 125 eggs perdl@0ts was never reached in
any of the varieties (Figure 2A). The threshold6feggs per 100 plants was met or
exceeded three times in WideStrike and twice irlgaot 11. The nonBt control never
reached 75 eggs per 100 plants, most likely beaasséfered high caterpillar feeding
damage. Bollworm egg density is not a good predictduture damage in du@t gene
cotton because a large number of the larvae deurgive. However, most larvae from
eggs on conventional cotton do survive and feethertotton plant until pupation.
Lower egg numbers on ndst-cottonwere likely the result of diminished floral cues
(Callahan 1958), increased plant volatiles, redueafiarea and fruiting structures, or a
combination of all which likely discouraged femafesm ovipositing after initial
infestation and damage.

Egg numbers peaked in all three cotton varietie2loduly (Figure 2A). There
was a second, smaller peak between 11 and 18 AWReasks were similar to those of
adult moth numbers in 2010 (Figure 1A). In Alaba®mith (1997) attributed peak in
bollworm numbers during mid-to-late July to mothwvement from maturing corn into
cotton. The pattern observed during the currertys(Eigures 1) and in Alabama (Smith
1997) has been consistent over the past sevena yethe Barnwell County area of
South Carolina (Greene and Robinson 2010).

In 2010, egg densities were not significantly akedoy threshold nor was there
an interaction between threshold and date for eattbn technology. The lack of a

significant treatment effect was probably becabsersecticide had little ovicidal effect

27



and did not deter female moths from ovipositing. these reasons, application decisions
were based on egg density numbers averaged aacsyariety instead of averaged
within threshold. Insecticides were not considdretdave had a significant effect on the

number of eggs on the plants one week after apjaica
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In 2011, overall egg numbers were lower than endtevious year (Figure
2B). Hot and dry conditions also caused plants atune faster and shortened the
sampling period. Despite lowering the highest eggstty threshold from 125 to 100
eggs per 100 plants, the lowered threshold wasaaghed. Furthermore, the 75 eggs per
100 plants threshold was not met in any varietyrdu2011. At this same location in
2001, Jenkins et al. (2002) also failed to reaelr thollworm thresholds of 75 eggs per
100 plants or four larvae per 100 plants. They kated that bollworm was not a
problem on Bollgard Il cotton. A similar conclusicauld be drawn from the
observations of the current study for both Bollghmaihd WideStrike. However,
bollworm pressure was considered “moderate” duaii§®97 experiment in Blackville,
where the 75 eggs per 100 plants threshold wag3adivan et al. 1998). The
“moderate” pressure in 1997 led to lint yield ireses in first generation Bollgard cotton
when treated at the 75 egg per 100 plant thresBaldkvorm pressure varies greatly
from one location to the next and even in the skcaion from year to year. Egg
density peaked on 25 July and 8 August in 2011.tithimg of the peaks was similar to
those of 2010; however, in 2010, the larger peadgim density occurred in July, with a
smaller peak in August.

There were no differences in lint yield (kg/hajvibeen egg threshold
treatments within WideStrike and Bollgard technaésgn 2010 or 2011. These results
suggested that supplemental insecticide for bolwbased on egg density thresholds
was unnecessary in WideStrike and Bollgard II. ibe-Bt control did experience

significant yield gains in both years (Figures 3)en treated weekly and following the
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aggressive egg threshold (25 eggs per 100 plaish wompared with the untreated
control and higher egg thresholds (75 and 125/49@ @er 100 plants) which were not

sprayed for bollworms all season (Figures 3).
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Larvae Density Threshold

In 2010 and 2011, larval density was significastffiected by date in all three
cotton technologies (Figure 4). Bollworm densitykelagged slightly behind peaks in
egg density (Figure 2) and fell between the firet aecond peaks found from the
pheromone trap data (Figure 1).

Larval densities were significantly affected by th&eraction of threshold and
date in norBt cotton both years, as well as in WideStrike cotto®010 (Figure 5).
Weekly applications of insecticide in WideStrikdton were effective in maintaining
low larval densities whereas greater variabilityswedserved in other larval thresholds
(Figure 5). The interaction suggests that the tyrahinsecticide application may be
important. The end of July had high larval pressuré cotton may benefit from control
at this time in particular. Insecticide applicasdmd a negative impact on larval density
(Figure 6). Differences in larval densities cortethwith WideStrike lint yield in 2010;
lower larval density in the plots sprayed weeklyrelated with higher lint yields in these
plots than in the untreated plots (Figure 7). ¢tis&le applications based on treatment
thresholds did not impact yield in duBttgenecotton in 2010. In 2011, there was no
significant difference in yield in any of the thresehnologies (Table 4). Gore et al.
(2008) had similar results from a field cage expent conducted in Mississippi. White
blooms of Bollgard Il and WideStrike were infesteith bollworm larvae at 0, 50, and
100%. Bollworm infestation had little impact on igef Bollgard Il or WideStrike

except when 100% of white flowers were infestedafioleast one week (Gore et al.
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2008). Economic yield loss was projected to ocauy wvith extremely high pressure

persisting for more than one week.
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Boll Damage Threshold

Boll damage in noi8t and WideStrike cotton varied significantly by détggure
8). Boll damage was elevated following the peakdg density (Figure 2) during the
same period that larvae sample numbers were higar@=4). This followed the pattern
observed with adult moth capture (Figure 1).

Although boll damage in botBt cotton technologies decreased significantly
when being aggressively treated for bollworm in@QRigure 9) and Bollgard Il alone in
2011 (Figure 10), significant yield impacts basedrsecticide treatment were observed
only in nonBt cotton (Figure 11). In a study conducted in Nor#rdlina, fewer larvae
and reduced boll damage were observed on Bollgzttdrccompared with noBt cotton
and likewise on Bollgard Il compared with Bollgamotton (Jackson et al. 2003).
Bollgard Il experienced 997 damaged bolls per actie insecticide applications and
9,436 damaged bolls per acre when left untreatckédn et al 2003). However,
subsequent yield data were not presented in tlay sl the current study, boll damage
in 2010 varied significantly between threshold$\irdeStrike cotton (Figure 9), but the

injury did not lead to any significant loss in apttlint yield.
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Yields of non-Bt cotton were significantly lower imtreated plots compared with
plots in 2010 (Figure 11). Bollworm damage in 20d&s high enough that all thresholds
were treated weekly after scouting began. In 2@&atments receiving 6, 5, 4, or 3
applications experienced no significant differenicegield, only differing significantly
with those plots receiving no insecticide applicas.

In a study in North Carolina that included replezhtests and surveys of
producer-managed fields, minor differences in bottw control by technology were
shown, but the researchers concluded that thefegatites were less significant than
yield and quality differences between varietiesctigder et al. 2006). WideStrike and

Bollgard Il had no significant yield differencestiween treated and untreated plots.

Treatment significantly reduced boll damage, y&tas not seen in corresponding lint
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yield differences. As in the current study, Bacheleal. (2006) observed higher percent
boll damage in WideStrike varieties than Bollgdr{Lb and 6% boll damage,

respectively, in 2003), yet each technology didapyear to benefit from insecticide

treatments based on lint yield (Bacheler et al. 6200
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Plant Mapping

Test 1- Eqqg Density Threshold

Table 5. Statistical comparisons for plant-mappiagables for bollworm egg density threshold triafscotton near
Blackville, South Carolina, 2011.

Type of Cotton

Variable
Non-Bt WideStrike Bollgard Il

Ave. Plant Height

Ave. Nodes/Plant
Height/Node Ratio

Ave. Total Bolls/Plant
Total Vegetative Bolls/Plant
Ave. T Fruiting Node

Ave. I Position Bolls

% Retention atLPosition
Ave. 2" Position Bolls

% Retention at"2 Position
Ave. Worm Damaged Bolls

Ave. % Damaged Bolls

F=2.45P=0.0912
F=1.94P=0.1563
F=1.84; P=0.1744
F= 2.3pP=0.1099
F=1.20=0.3523
F=0.69P=0.6091
F=1.32 P=0.3098
F=1.3%4 P=0.3009
F=1.08P=0.4000
F=1.4%1 P=0.2796
F=0.4P=0.7983

F=0.26°=0.9013

F=0.22P=0.9241
F=1.03P=0.4270
F=0.57; P=0.6890
F= 0.96; P= 0.4585
F=0.47P=0.7583
F= 2.83P=0.0870
F=2.67; P=0.0730
F= 1.37P=0.2374
F=1.24; P=0.3381
F=1.27P=0.3649
F= 1.49; P= 0.2583

F=2.52; P=0.0884

F= 0.73P= 0.5860

F= 0.06P= 0.9929
F= 1.34; P= 0.2994
F= 0.60; P=0.6719
F= 2.58; P= 0.0824
F=0.3%; P= 0.8092
F=0.4%, P=0.7576
F=1.97, P=0.1514
F=0.18; P= 0.9468
F=0.52; P=0.7210
F=1.1f; P= 0.3894

F=1.13; P=0.3803

adf = 4, 15
bdf =4, 14
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Test 2- Larvae Density Threshold

Table 6. Statistical comparisons for plant-mappiagables for bollworm larvae in blooms threshaidls on cotton near
Blackville, South Carolina, 2011.

Variable

Type of Cotton

Non-Bt

WideStrike

Bollgard Il

Ave. Plant Height

Ave. Nodes/Plant
Height/Node Ratio

Ave. Total Bolls/Plant
Total Vegetative Bolls/Plant
Ave. P Fruiting Node

Ave. I Position Bolls

% Retention at*1Position
Ave. 2" Position Bolls

% Retention at"2 Position
Ave. Worm Damaged Bolls

Ave. % Damaged Bolls

F= 1.44, P= 0.2738
F=3.28° P=0.0428
F= 0.44; P= 0.7772
F= 0.84P= 0.5226
F=24%2P=0.1318
F=1.76; P= 0.1922
F= 2.35P=0.1010
F=3.57% P=0.0310
F= 1.83P=0.1759
F= 14.40%; P< 0.0001
F= 1.8%= 0.2095

F=1.21P=0.2814

F= 0.40; P= 0.8080
F= 0.57; P= 0.6865
F= 0.5%; P= 0.7299
F= 0.2%; P= 0.9069
F=0.13; P= 0.9699

F= 0.97P= 0.4547
F= 1.44; P= 0.2682
F= 2.60; P= 0.0787

F= 0.72P= 0.5949
F= 0.65; P= 0.6351
F= 1.60; P= 0.2247

F=0.66P=0.6292

F= 1.03; P= 0.4239
F=0.8F; P= 0.5385
F=1.78; P=0.1858
F= 0.37; P= 0.8244
F= 0.7F; P= 0.5948

F= 2.60P= 0.0814
F=0.07, P= 0.9908
F= 0.66; P= 0.6315
F= 0.26; P= 0.9016
F= 0.27; P= 0.8904
F=1.3%; P= 0.2992

F= 0.96; P= 0.4601

adf =4, 15
baf =4, 14
°df = 4, 13
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Numbers of nodes per plant in nBheotton were significantly different among
treatments using LSD mean separations, but nogdsgamore conservative Tukey mean
separation test (data not shown; Table 6). Cottant suffering fruit damage or loss
divert resources to vegetative growth, grow taber] produce more nodes (Guinn 1982).
This would help explain the trend of increasing emof nodes with decreasing
insecticide protection from bollworm, but the tremds not strong enough to be
significant when using conservative measures ossitzal difference. NorBt cotton also
had higher percent boll retention 6fdnd 2° position bolls in protected plots than in the

untreated control plots (Figures 12 and 13).
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Test 3- Boll Damage Threshold

Table 7. Statistical comparisons for plant-mappiagables for bollworm boll damage threshold triafscotton near
Blackville, South Carolina, 2011.

Type of Cotton

Variable

Non-Bt

WideStrike

Bollgard Il

Ave. Plant Height

Ave. Nodes/Plant
Height/Node Ratio

Ave. Total Bolls/Plant

Total Vegetative Bolls/Plant
Ave. P Fruiting Node

Ave. T* Position Bolls

% Retention at*1Position
Ave. 2" Position Bolls

% Retention at2 Position
Ave. Worm Damaged Bolls

Ave. % Damaged Bolls

F=0.74; P= 0.5806

F=1.73; P= 0.1963
F= 1.0%; P= 0.4152
F= 0.90; P= 0.4869
F= 0.44=0.7768
F=1.98; P= 0.1529
F=3.27% P= 0.0409
F=4.667 P=0.0120
F=6.17°; P=0.0044
F=4.10% P=0.0252
F=05P=0.6014

F= 0.8%=0.5287

F=0.28; P= 0.8857

F= 0.4%; P= 0.7705
F= 0.16; P= 0.9529
F= 0.36; P= 0.8337
F= 1.19; P= 0.3564
F=0.43; P=0.7825
F=0.73; P= 0.5847
F= 0.9%; P=0.4808
F= 0.59; P= 0.6731
F= 0.87; P= 0.5029
F= 0.60; P= 0.6671

F=0.96; P=0.4904

F=0.52P=0.7193

F= 0.34P= 0.8460
F= 0.33P= 0.8529
F= 0.34P= 0.8497
F= 0.79P=0.8816
F= 1.24P= 0.3402
F= 0.2F; P= 0.9269
F= 0.60; P= 0.6672
F= 1.0%; P= 0.4355
F= 1.01P= 0.4328
F= 0.37; P=0.8277

F= 0.85P=0.7015

adf =4, 15
baf =4, 14
Cdf = 4, 12.1
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Data from the boll damage threshold test were amid data observed in the test
with larval density in blooms. Weekly protectedtslbad greater numbers of and 2¢
position bolls than unprotected plots (Figures Ad &6) which correlated with higher
percent retention at these two positions (FiguBearid 17). Weekly insecticide
applications reduced the number of bollworms amheopests and allowed the valuable

1% and 2° position bolls to survive undamaged to maturity.
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CONCLUSIONS

Despite high bollworm pressure in 2010, there weraignificant differences in
lint yield among thresholds in the digtlgene technologies, except between WideStrike
untreated and sprayed weekly plots in the larvakilg threshold test. During 2011, no
significant yield differences among thresholdshia tlualBt-gene technologies occurred.
Extended growing seasons conducive for plant cosgien were experienced each
year, though 2011 had lower bollworm pressure g@0. Plant mapping data, taken
only in 2011, did not indicate compensatory grofahthat season, but it is uncertain if
compensation occurred in 2010 when bollworm presaas extremely high. During
2011, plots of nomBt cotton protected weekly had higher incidencesbad 2¢ position
boll retention; yet, this was only seen in the mtrcontrol, with no differences between
insecticide thresholds on duBt-gene cotton. Even if compensation likely occurred i
2010, conditions favorable for yield compensatiomadt occur perennially. Such end-of-
season conditions should not be expected when maksect control decisions.

No differences in lint yield were found among gtelds within theBt
technologies, indicating that insecticide appliaasi exclusively targeting bollworm were
unnecessary in dudt-gene cotton. However, results from this study @mpgn two
growing seasons at one location and are not seiffi¢o warrant modification to South
Carolina’s current action threshold recommendatfonslual-gendst cotton: three or
more large larvae per 100 plants or 5% boll dam&gewers adhering to these

recommendations for bollworm might apply one or ingecticide applications for
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bollworm in dual-gen®t technologies, as opposed to near weekly dedicatglitations
required for bollworm control on noBt cotton in this study.

The impact of secondary pests will also influenaetml strategies for bollworm.
This study was set up to reduce the influence oflmalworm pests. Further work is
necessary to explore the interactions and impdaeamndary pests with bollworm in
dual-geneBt cotton. Stink bugs are regularly controlled witeenticides during periods
of bollworm infestation, so concomitant controlasfy bollworms surviving ot cotton
can be expected under most scenarios, thus negggtigated applications for bollworm.

Measurable differences in bollworm density and dgeriavels were observed
between technologies. WideStrike cotton regulauiyp®rted more bollworms and
suffered consistently higher boll damage than Botligl cotton, which initially
suggested that it would be necessary to take a proeetive approach in protecting
WideStrike cotton than Bollgard Il. However, indlstudy, lint yields from WideStrike
plots did not differ among varying thresholds fothlworm and so did not support the
conclusion that protection strategies be amendeddch technology. Further research
comparing technologies would need to be conductexider to make such a

recommendation.
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