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Abstract

When Bt cotton was introduced in the United States in 1996, management of the cotton bollworm, Helicoverpa zea,
had become much less problematic. However, in recent years unexpected bollworm damage has become common
place in dual-gene Bt cotton and insecticide applications targeting bollworm have been necessary to avoid
unacceptable injury and yield loss. Over the past three years we have demonstrated that bollworms in the southern
U.S. have developed resistance to CrylAc, CrylF, and Cry2Ab, and that treating dual-gene cotton for bollworms can
reduce crop injury and preserve yield. In 2019, we continued monitoring for Bt resistance and investigating the benefit
of treating Bt cotton with insecticides for bollworm. Similar to 2017 and 2018, we detected high incidences of
resistance to all of the Cry toxins in Texas and the Mid-South, and we found one population collected in Mississippi
from Leptra corn (CrylAb+CrylF+Vip3Aa) suspected of having low resistance to Vip3A. Cotton bollworm
infestations in Texas and the Mid-South were low in 2019, relative to recent years, and although Bollgard 2 benefited
in lower fruit injury when treated with Prevathon, the benefit in yield protection was variable. Overall, the cotton
technologies expressing Vip3Aa (WideStrike 3, TwinLink Plus and Bollgard 3) did not benefit from Prevathon
treatment.

Introduction

The cotton bollworm, Helicoverpa zea, is one of the most damaging pests of cotton grown in the southern U.S. In
1996, transgenic cotton containing genes expressing Bacillus thuringiensis (Bt) proteins were introduced into U.S.
cotton and ushered in a new era in cotton insect pest management. The first Bt cotton introduced in the U.S. was
Bollgard | which expressed the CrylAc endo-toxin. This toxin was highly effective towards tobacco budworm,
Chloridea virescens, but moderately toxic towards bollworm, H. zea. Insecticide applications targeting tobacco
budworm were completely eliminated, while those targeting bollworm were greatly reduced. To increase efficacy and
for resistance management, dual and multi-Bt gene cotton varieties have since been introduced. Currently, Bt proteins
used in transgenic cotton plants in the U.S. are categorized into three groups: Cry1, which contains Cry1Ab, CrylAc,
and Cry1F; Cry2, which includes Cry2Ab and Cry2Ae; and Vip3a. The currently available Bt cotton technologies
include: Bollgard 2 (CrylAc + Cry2Ab), WideStrike (CrylAc + Cry1F), TwinLink (CrylAb + Cry2Ae), WideStrike
3 (CrylAc + CrylF + Vip3a), TwinLink Plus (CrylAb + Cry2Ae + Vip3a) and Bollgard 3 (CrylAc + Cry2Ab +
Vip3a).
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Although new Bt toxin introductions have increased the efficacy of transgenic cotton targeting lepidopteran pests,
including bollworm, there are still incidents where unacceptable fruit injury is experienced and insecticidal oversprays
are required to preserve yield. In recent years these incidents have become common and extensive in some areas
including portions of Texas, the Mid-South and North Carolina. Bollworm resistance to Cry1lAc and Cry2Ab has been
implicated as a primary causal factor contributing to Bt cotton efficacy failures.

The objectives of this project were to: 1) To estimate the susceptibility of the field populations of H. zea to Bt proteins,
2) To evaluate the efficacy of second and third generation Bt cotton for efficacy towards H zea, and 3) To determine
if spraying Bt cotton for H. zea results in a reduction in fruit damage and increased yields relative to non-Bt cotton.

Materials and Methods

Bacillus thuringiensis proteins

Susceptibility of H. zea was determined against four Bt proteins: CrylAc, CrylF, Cry2Ab2, and Vip3a. CrylAc
protein was provided by Bayer CropScience as lyophilized MVPII powders with 20.0% Al. CrylF protein was
provided by Corteva AgroScience as lyophilized powders with 53.0% Al. Cry2Ab2 protein was provided by Bayer
CropScience in the form of lyophilized (freeze-dried) Bt-corn leaf powder expressing ~4 mg of Cry2Ab2 protein/g.
Juan Luis Jurat-Fuentes, University of Tennessee provided the Vip3Aa39 protein with a purity of 0.7 ug/ml.

Insect sources

A total of 20 field populations of H. zea were collected from across the Mid-South and Texas in 2019. Primarily Fy,
and a few F, generations of these field-collected populations were used for the bioassays described below. In addition,
two susceptible colonies were also used in the current study. One was obtained from a commercial source Benzon
Research Inc., Carlisle, PA (CBW-BZ-SS); the other (CBW-TX-SS) was collected by Dr. David Kerns in Winnsboro,
LA. The CBW-TX-SS strain was evaluated only at TAMU.

Insect bioassays
For each population, a diet-overlay bioassay was used to evaluate the larval susceptibility of H. zea to CrylAc,

Cry2Ab2, CrylF and Vip3A toxins. Assays were conducted at two laboratories, the Entomological Research
Laboratory at Texas A&M University (Drs. Kerns and Yang) and the Southern Insect Management Unit USDA-ARS
Laboratory in Stoneville, MS (Dr. Little). Each bioassay included 7-8 concentrations plus one untreated control. Diet-
overlay concentrations for CrylAc and Cry2Ab2 ranged from 0, 0.01, 0.0316, 0.1, 0.316, 1.0, 3.16, to 10.0 ng/cm?;
diet-overlay concentrations for Vip3al were from 0, 0.01, 0.0316, 0.1, 0.316, 1.0, to 3.16 pg/cm?; and diet-overlay
concentrations for CrylF ranged from 0, 0.02, 0.04, 0.2, 0.4, 2.0, 4.0, to 8.0 ug/cm? We used repeater pipets to
dispense 0.8 ml per well of liquid diet (Southland Product, Inc. Lake Village, AR) into 128-well bioassay trays (C-D
International, Pitman, NJ). Once the diet cooled and solidified, Bt protein solution suspended in 0.1% Triton-X100
was overlaid onto the diet surface of each well and allowed to air dry. A constant volume of 40 ul Bt protein solution
was overlaid into each well for CrylAc, CrylF, and Vip3al proteins, while a volume of 200 ul Bt protein solution per
well was used for Cry2Ab2 protein. One neonate (< 24 h) of H. zea was released on the diet surface in each well. After
larval inoculation, wells were covered with vented lids (C-D International, Pitman, NJ). Each combination of insect
population by Bt protein concentration was replicated four times with 16-32 larvae in each replication. The bioassay
trays were placed in an environmental chamber maintained at 26 + 1 °C, 50% RH, and a 14:10 (L:D) h photoperiod.
Larval mortality, and larval instar were recorded on the 7th day after inoculation.

Bioassay data analysis

Larval mortality was calculated based on the number of dead larvae plus survivors that were still in the first instar
(mortality = dead+L1) divided by the total number of insects assayed, and was used to determine LCs values and the
corresponding 95% confidence limit (CL). Larval mortality at each concentration was first corrected based on the
control mortality using the method of Abbott (1925), followed by Probit analysis to determine the LCs that caused
50% mortality and the corresponding 95% confidence limit (CL). Where the LCso 95% CLs for each field collected
population did not overlap with the LCs 95% CL of the CBW-BZ-SS susceptible colony, resistance ratio was
calculated using the LCs of a field population divided by the LCso of the CBW-BZ-SS susceptible strain. In some
cases, the LCsp value of an insect population was considered to be greater than the highest Bt protein concentration
used in the bioassay if its larval mortality was <50% at the highest concentration assayed. If the LCsy value of an
insect population was smaller than that of the CBW-BZ-SS, a negative sign was assigned to the resistance ratio. For
purposes of defining resistance, we are considering resistance ratios >10-fold as resistant.
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Bt cotton technology field performance

Tests were conducted at seven locations across the Mid-South and one locations in Texas to determine the impact of
foliar insecticide applications targeting bollworms on fruit injury and yields in second and third generation Bt cottons.
The Bt cotton technologies evaluated included: WideStrike3 (WS3) as PHY 330W3FE (CrylAc+CrylF+Vip3A19)
TwinLink Plus (TL+) as ST 5471 GLTP (CrylAb+Cry2Ae+Vip3A19), Bollgard 1l (BG2) as ST 1518 B2XF
(CrylAc+Cry2A+Vip3A19), and Bollgard 3 (BG3) as DP 1835 B3XF (CrylAc+Cry2A+Vip3A19). A non-Bt variety
(NBT) DP 1822 XF was included as a check.

All tests were 5 x 2 factorials with factor A being the cotton technology and factor B being entries sprayed for
bollworms with Prevathon at 20 fl-oz/ac, or untreated. Plots were 4 rows wide x 40-60 ft in length. Each factorial
combination was replicated 4 times. Test locations included two plantings at Tillar, AR, Stoneville and Glendora, MS
(the Glendora site was lost due to herbicide drift), Jackson, TN, Alexandria, LA and College Station, TX. Foliar
applications were made in accordance with the occurrence of larvae in the non-Bt cotton plots at each individual
location. Prevathon applications occurred as follows: Tillar, AR (July 24), Tillar, AR2 (July 31), Stoneville, MS
(July 11 and July 29), College Station, TX (July 3), and Jackson, TN (July 29 and Aug 15).

Field data analysis

Insect densities, plant terminal, square, bloom and boll injury were determined prior to foliar treatment and weekly
thereafter. At each evaluation, 25 each terminals, squares, bloom and bolls were sampled per plot. The number of
bollworm larvae and damage plant tissue were recorded. At all locations, the middle two rows of each plot was
harvested using a mechanized cotton picker. Seed cotton yields were converted to lint yields in Ibs per acre based on
an estimated 40% lint turnout.

All field data were analyzed using PROC GLIMMIX (PROC GLIMMIX SAS Institute Inc. 2011). Data was analyzed
across test sites using the random effects of Site, Rep (site) and Bt Tech*Rep (Site). Where significant interactions (P
= 0.05) were detected between Bt tech and spray, the SLICEDIFF option of the LSMEANS statement was utilized to
determine if a given Bt tech differed, sprayed vs. non-sprayed for difference in yield response.

Results and Discussion

L Cso values of field-collected populations of H. zea to Bt proteins

Detailed data of LCs values for four Bt proteins are listed in Tables 1-4 for CrylAc, Cry2Ab2, CrylF and Vip3Aa39,
respectively. The LCs, values of the susceptible CBW-BZ-SS was 0.11 pg/cm?with a 95% CL of 0.07-0.16 pg/cm?
in the TAMU lab and 0.18 pg/cm? with a 95% CL of 0.15-0.22 ug/cm? for the USDA lab (Table 1). Compared to
CBW-BZ-SS, 29 of 30 field populations (95%) exhibited significantly lower susceptibility to CrylAc protein. The
only susceptible field-collected population, CBW-TX-SK-Leptra, originated from Leptra corn and was not evaluated
for resistance to Cry1Ac until the F2 generation which may have affected the results. Among the other field-collected
populations, LCso values ranged, 2.37 - >100.0 pg/cm?, resulting in the resistance ratios from 21.5 - >909.1-fold.

The LCso value of the CBW-BZ-SS on Cry2Ab2 diet was 0.63 pg/cm? with a 95% CL of 0.37-1.09 pg/cm? for the
TAMU lab and 0.98 pg/cm? with 95% CL of 0.75-1.33 ug/cm? for the USDA lab (Table 2). The CBW-TX-SS-TAMU
strain LCsowas 0.70 pg/cm?with 95% CL of 0.51-0.97 ug/cm2. Compared to CBW-BZ-SS, 22 of 30 field populations
(73.3%) exhibited significantly high LCso values, ranging 7.33- >20.0 pg/cm? resulting in resistance ratios of 11.6 -
>31.7-fold. Susceptible populations were detected in collections from Hillsboro, TX (CBW-TX-HO-VT2P), Snook,
TX (CBW-TX-SK-BG3 and CBW-TX-SK-Leptra), Winnsboro, LA (CBW-LA-WB-VT2P), Stoneville, MS (CBW-
MS-SE-Leptra), Warren, MS (CBW-MS-WA-CC), Lafayette, AR (CBW-AR-VT2P) and Pickens, AR (CBW-AR-
PK-NBt corn). Among the 8 Cry2Ab2 susceptible collections, 3 originated from non-Bt sources (non-Bt corn and
crimson clover), 3 from crops expressing Vip3A (Bollgard 3 and Leptra) and 3 from VT DoublePro corn. Those hosts
expressing Cry2Ab included Bollgard 3 and VT DoublePro. The reason collections were possible from hosts
expressing Cry2Ab, yet tested susceptible, is unclear.

The LCs value of the CBW-BZ-SS on Cry1F diet was 0.73 pg/cm? with a 95% CL of 0.55-0.97 ug/cm? (Table 3).
All 7 of the populations evaluated on CrylF diet exhibited resistance, with all LCsps >8.00 pg/cm?, resulting in
resistance ratios >10.9-fold. Note that CrylF at the highest concentration of 8.0 pg/cm? failed to result in 100%
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mortality of the susceptible CBW-BZ-SS (93.75 = 4.42%), indicating that Cry1F is generally not a highly effective
toxin to H. zea.

The LCsp value of the CBW-BZ-SS on Vip3Aa39 diet was 0.69 pg/cm?with a 95% CL of 0.56-0.87 pg/cm? at the
TAMU lab and 0.39 ug/cm? with a 95% CL of 0.31-0.49 pg/cm? at the USDA lab (Table 4). It should be noted that
the LCso values for CBW-BZ-SS between the two laboratories were significantly different based on non-overlapping
95% CLs. This indicates that there may be slight differences between the CBW-BZ-SS strains utilized at the two
laboratories or slight differences in bioassay technique. For this reason, calculations of resistance ratios reported are
within each lab. Additionally, the susceptible strain CBW-TX-SS-TAMU (0.17 pg/cm?with a 95% CL of 0.14-0.21
ug/cm?) was significantly more susceptible than the CBW-BZ-SS-TAMU strain. Compared to CBW-BZ-SS, all 26
field populations were susceptible to the Vip3Aa39 protein, with the LCso values ranging from 0.04 to 2.21 pg/cm?.
These LCsp values resulted in resistance ratios ranging from -9.75 to 3.2-fold. Only on population resulted in a positive
resistance ratio, CBW-MS-SE-Leptra. The CBW-BZ-SS strain is thought to have some tolerance to Vip3A which
would result in at large number of field-collected strains testing more susceptible. Thus, the CBW-BZ-SS strain may
not be the most suitable reference strain for Vip3A toxins. Relative to the CBW-TX-SS susceptible strain, 7 field-
collected population were significantly more tolerant to Vip3Aa39. All of the populations collected from Vip3A
expressing crops had significantly elevated resistance ratios relative to CBW-TX-SS, but only one population. CBW-
MS-SE-Leptra was the only population that had a resistance ratio (13.0-fold) that exceeded the 10-fold resistance
threshold.

These data suggest that susceptibility to CrylAc, Cry2Ab2 and CrylF have been largely compromised in the Mid-
South and in Texas. Susceptibility to Vip3A appears to be high, but based on comparisons to the CBW-TX-SS
susceptible strain, resistance occurred in 3.84% of the populations evaluated.

Bt cotton technology field performance

Overall in 2019, bollworm infestation pressure was lower than recent years. This may be due to high rainfall during
February-June, and later than normal corn plantings over a wide range of dates, resulting in a trap crop scenario.
Across all locations, seasonally averaged square and boll damage was consistently greatest in the untreated NBT,
ranging 0.50-56.3% and 0.00-22.00% for damaged squares and bolls, respectively (Table 5). The College Station,
TX site suffered the greatest square damage to NBT, seasonally averaging 56.3%, however, most of this damage
occurred pre-bloom and very early-bloom. Square damage was lowest at the Winnsboro, LA site which reported
8.34% square damage. Seasonal boll damage was greatest at the Tillar, AR1 site which averaged 22.00%, and lowest
at the Alexandria, LA site with no boll damage detected. Prevathon applications reduced square and boll damage in
the NBT at all locations with the exception of Alexandria, LA.

At Alexandria, fruit damage was almost non-existent and there were no differences among technologies, sprayed or
untreated. Among the other locations, square and boll damage was consistently greater in the NBT relative to the Bt
technologies. At the Tillar, AR1 location among the Bt technologies BG2 suffered greater square damage than WS3
and TL+, but did not differ from BG3 (Tables 5 & 6). Boll damage was similar but BG2 only suffered greater damage
than TL+. The Prevathon application at this location significantly reduced damage, within a technology, only in the
NBT for squares, and only within the NBT for bolls. At the Tillar, AR2 location BG2 had higher boll damage than
all of the other Bt technologies. Prevathon resulted in fewer damaged squares for only the NBT, and fewer damaged
bolls for NBT and BG2. Among the Bt technologies at the Stoneville, MS location, square and boll damage was
greatest in BG2, although square damage did not significantly differ from WS3, and only BG2 significantly benefited
from treatment with Prevathon. At the Jackson, TN and College Station, TX locations there were no differences in
square or boll damage among the Bt technologies, and only the NBT benefitted from treatment with Prevathon.

Yields across locations was highly variable, especially between varieties due to agronomic differences and poor
weather conditions (Table 7). When making comparison of Prevathon-treated to untreated within a
variety/technology, NBT benefited in yield from treatment only at the Stoneville, MS, Alexandria, LA and Jackson,
TN locations. The Tillar, AR1 & 2 locations suffered inclement weather that may negatively impacted yields and may
have masked spray benefit, and the College Station, TX location may have been able to compensate for the early fruit
damage (Tables 7 & 8). At the Stoneville, MS location BG2 also benefited in higher yield from Prevathon
applications, and at the Jackson, TN location, TL+ benefitted whereas yield was significantly lower in the where BG3
was treated. Across all locations, only the NBT demonstrated increased yield, 13.11%, from treating with Prevathon.
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Table 1. CrylAc, LCsyand 95% confidence limits {CL) based on larval mertality of Helicoverpa zea to three Bt

proteins in 2019,

Fesistance

Insect strain M*  LCs(95% CL) (ugiem™)® Slope + S5E N df ratio®
CBW-BZ-55-TAMU 640 0.11 {0.07, 0.16) 1.10=0.11 608 34 10
CBW-TX-55-TAMU 640 0.09 (0.07, 0.12) 153 =013 90 34 0g
CBW-TH-HO-VT2P 512 6.01 (268, 1471 0.78=0.14 1076 26 54.6%
CBW-TH-TN-VT2P 512 =100.0 f f =909 1%
CBW-TX-LE-NBt 512 =100.0 = 909.1%
CBW-TH-NA-BG2 512 T1.79 (38.36, 177.00) 0.65 =0.08 110 26 652.6%
CBW-TH-SE-BG3 512 10.92 (4.45, 40.48) 041 =0.08 429 28 99.3*
CBW-TH-5E-Leptra 512 0.57 (046, 0.70) 205=019 148 26 52
CBW-TH-WHN-NBt 512 =100.0 f f =909 1%
CBW-AR-LE-VT2P 512 =100.0 =909 1%
CBW-ARE-TR-VTIP 512 =100.0 =909 1%
CBW-LA-AA-BG2 512 =100.0 =909 1%
CBW-LA-AAVTIP 512 897 (590, 1429 093 =0.10 9.8 26 81.5*
CBW-LA-WB-VT2P 512 15.64 (9.11, 30.75) 0.76 =0.10 479 28 142.2#%
CBW-TN-THN-VT2P 512 =100.0 f f =909 1%
CBW-MS5-5E-Leptra 512 15.64 (9.11, 30.75) 0.76 =0.10 479 28 142.2%
CBW-MS-5E-VT2P 512 237(1.72,3.26) 153=014 132 26 21.5%
CBW-MS-SE-VI2P 512 =100.0 i = 509 1%
CBW-BZ-55-USDA 640 0.18(0.15,0.22) 197=016 14637 33 10
CBW-PE-AR-NBt com 512 27.71 (15.42, 63.60) 0.75 =0.09 7228 26 153.9%
CBW-HB-LA-CC 512 12.30(7.39, 24.14) 0.71 =0.08 Bl.73 26 68.3*
CBW-CA-MS-CC 512 =31.60 = 175.6%
CBW-CO-MS-CC 512 =31.60 = 175.6%
CBW-FA-MS-Bt com 512 1426 (9.19, 25.22) 088 =0.09 8825 26 79.2*
CBW-GD-MS-CC 512 =31.60 = 175.6%
CBW-ME-MS-CC 512 =31.60 = 175.6%
CEW-MB-MS-MNBt com 512 =11.60 = 175.6%
CBW-NZ-MS-CC 512 =31.60 = 175.6%
CBW-0OB-MS-CC 184 =311.60 = 175.6%
CBW-RF-MS-Bt com 512 =31.60 = 175.6%
CBW-5V-MS-NBt com 512 =31.60 = 175.6%
CBW-TL-MS-TL-F2 512 623 (384 1143 067 =007 8581 26 34.6%
CBW-WA-MS-CC 512 =311.60 = 175.6%

#Total number of neonates assayed.

"The LC.; value of an insect strain was considered to be greater than the highest Bt protein concentration used in the
broassay if its larval mortality was <350% at the highest concentration. Larval mortality was caleulated based on the
mumber of dead larvae plus survivers that were still m the first mstar (meortality = dead+L 1) drnided by the total number

of insects assayed.

¢ Fesistance ratio for Bt protem were caleulated by dividing the LC s value of an msect population by that of the
suscephible stramm (CBW-BZ-55). If the LC s an insect population was smaller than that of the CBW-BZ-55, anegative

slgn was assigned to the resistance rano.
* mdicates sigmificant resistance ratios that were = 10-fold.
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Tabla 2. Cry2Ab2, LCssand 95% confidence lumits (CL) bazed on larval mortality of Helicoverpa zea to thres Bt

proteins in 2019.

Fesistance

Insact strain M*  LCu(95% CL) (pglem®)® Slope £ 5E i df ratio®
CBW-BEZ-55-TAMU 576 0.63 (037, 1.09) 1.50 =021 625 30 1.0
CBW-TX-55-TAMU 512 0.70 (051, 0.97) 153015 402 26 11
CBEW-TX-HO-VTIP 512 3.14(244 408) 141=0.12 296 26 50
CBW-TH-TN-BG2 512 =20.0 f =31.7*
CBW-TH-LE-NBt 512 7.33(5.29, 10.82) 1.10=0.11 221 26 11.6*
CEW-TX-NA-BGZ 512 19.18 (B.72, 81.63) 0930138 446 26 30.4*
CBEW-TX-S5E-BG3 512 2.18(1.39, 3.40) 228=039 424 22 35
CBW-TH-5E-Leptra 512 2.29(1.31,425) 1.27=0.19 59.5 26 36
CBW-TH-WH-NBt 512 19.54 (12,08, 42.65) 1.28=021 16.8 26 1.0+
CEW-AR-LE-VT2IP 512 442(3.18,635) 1.39=0.15 42 26 70
CEW-AR-TRE-VTIP 512 3.06 (5.60, 12.56) 099 =010 334 26 12.8%
CBW-LA-AA-BGI 512 =20.0 f =31.7*
CBW-LA-AANTIP 512 1512 (8.80, 34.35) 1.05=0.135 325 26 24.0#
CEW-LA-WB-VI2P 512 1.52(1.24, 2.12) 1.27=0.10 271 26 26
CBW-TH-TN-VT2P 512 =200 f =31.7#
CBW-MS-5E-Leptra 448 2.05(1.22,3.51) 1.56=0.24 636 22 i3
CBW-MS-SE-VT2P 512 =20.0 =31.7¢
CEW-MS-SE-VTIP 512 =20.0 = 31.7#
CBW-BZ-55-USDA 640 0.98 (0.75, 1.33) 1.11=008 19337 33 1.0
CBW-PE-AR-NBt com 512 3.15(1.30, 12.89) 0.37=0.06 3357 286 323
CEW-HB-LA-CC 512 =100 ! = 10.2%
CEW-CA-MS-CC 512 =100 = 10.2%*
CEW-CO-MS-CC 512 =100 = 10.3%
CBW-FA-MS-Bt com 512 =100 = 10.2%
CEW-GD-MS-CC 512 =100 = 10.2%
CEW-ME-MS-CC 512 =100 = 10.2%*
CEW-MB-MS-NBt comn 512 =100 = 10.3%
CBW-NZ-MS-CC 512 =100 = 10.2%
CEW-0B-M5-CC 384 =100 = 10.2%
CEW-RF-MS5-Bt com 512 =100 = 10.2%*
CEW-5V-MS-NBt com 512 =100 = 10.3%
CBW-TL-MS-TL-F2 512 1.86(1.04, 4.02) 053007 6306 26 1.%40
CEW-WA-MS-CC 512 = 10.0 = 10.2%*

2Total oumber of neonates assaved.

¥"The LCs; value of an insect strain was considered to be greater than the highest Bt protein concentration used in the
bioassay if its larval mertality was =50% at the highest concentration. Larval mertality was caleulated based on the
mumber of dead larvae plus swvivers that were still m the first mstar (mortality = dead+L 1) drvided by the total number

of insects assaved.

¢ Besistance ratio for Bt protem were caleulated by dividing the LCs; value of an insect pepulation by that of the
susceptible stram (CBW-BZ-55). If the .C s an insect population was smaller than that of the CBW-BZ-55, anegative

s1gn was assigned to the resistance ratio.
* mdicates sigmficant resistance ratios that were = 10-fold.
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Table 3. Crv1F, LCand 95% confidence limats (CL) based on larval mertality of Helicoverpa zea to three Bt
protems in 2019,

Flesistance

Insect strain N*  LCs(95% CL) (pgfem®)®  Slope + SE by df ratio®
CEW-BZ-55-TAMU 512 0.73 (0.55,0.97) 168 =£0.15 289 26 1.0

CEW-TX-TN-BG2 512 =8.00 ! ! = 10.9%
CEW-TX-LE-NBt 512 =8.00 ! f = 10.9%
CEW-TX-NA-BG2 512 =8.00 ! f = 10.9%
CBW-TX-5E-BG3 512 =8.00 ! ! = 10.9%
CBW-TX-WHN-NBt 512 =8.00 ! ! = 10.9%
CEW-LA-AA-BG? 512 =8.00 ! ! = 10.9%
CEW-TH-TN-VT2P 512 =§.00 ! ! = 10.9*%

#Total number of neonates assayed.

¥The LCs; value of an insect strain was considered to be greater than the highest Bt protein concentration used in the
bioassay if its larval mortality was <30% at the lnghest concentration. Larval mortality was calculated based on the
pumber of dead larvae plus survivers that were still m the first mstar (mortality = dead+L 1} drvided by the total umber
of Insects assaved.

¢ Resistance ratio for Bt protem were caloulated by dividing the LC. value of an msect population by that of the
susceptible strain (CBW-BZ-55). If the LC s an msect population was smaller than that of the CBW-BZ-55, anezative
sign was assigned to the resistance ratio.

* mdicates sigmificant resistance ratios that were = 10-fold.
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Table 4. Vip3Aad9, LC;and 95% confidence limits (CL) bazed on larval mortality of Helicoverpa zea to three Bt proteins in 2019,

Fesistance Resistance

ratic® ratio®
Insect strain N* Ly (95% CL) (uglem®)® Slope = SE i df (BZ-55) (TH-55)
CBW-BZ-55-TAMU 443 0.69 (0.56, 0.8T) 366053 85 22 1.0 024
CBW-TX-55-TAMU 443 0.17(0.14, 021} 2841029 105 22 23 1.0
CBW-TE-HO-VTIP 443 0.30(0.25,035) 3642041 108 22 23 1.5
CBW-TE-THN-BG2 443 0.20(0.03,1.17) 302+132 185 22 35 12
CBW-TE-LE-MBt 443 028 (0.24, 0.34) 289+029 73 22 -1.4 1.7
CBW-THX-NA-BG? 448 0.08 (0.07,0.10) 306034 141 22 £6 0.3
CBW-TX-5E-BG3 443 0.50 (0.40, 0.63) 1.85+0.16 16.3 22 -1.4 29
CBW-TX-SE-Leptra 443 0.66 (0.49, 0.89) 1.79+0.19 349 22 -1.1 39
CBW-TE-WH-MNBt 443 0.24 (0.19,029) 209+019 185 22 -29 02
CBW-AR-LE-VT2P 443 038 (0.33,047) 277027 186 12 -1.8 23
CBW-AR-TR-VT2IP 448 0.15(0.13,0.1%) 253+025 69 22 0.2 09
CEW-LA-AABGI 443 0.24 (0.20,029) 250024 168 22 -29 14
CEW-LA-AA VTP 443 0.23 (0.18, 0.28) 216019 243 22 3.0 14
CBW-LA-WB-VT2P 448 0.14(0.12,0.17) 248023 118 22 4.5 -1.2
CBW-TH-TH-VTIP 4438 032(0.24,044) 250+033 388 12 22 1.9
CBW-MS-5E-Leptra 443 221(1.27,4.44) 1.59+029 572 22 32 13.0
CBW-MS-SE-VT?IP 448 0.08 (0.07, 0.10) 284 £033 lo2 12 5.6 -21
CBW-MS-SE-VTIP 448 0.16(0.13,0.1%) 280028 167 22 4.3 02
CBW-BZ-55.USDA 640 0.39(0.31, 0.49) 149+ 010 217 33 1.0 -
CBW-PE-AR-MBt com 512 021 (0.17, 0.26) 215019 1324 24 -1.9 --
CBW-FA-MS-Bt com 512 0.22(0.17,027) 1.69+0.13 1600 26 -1.77 -
CBW-GD-MS-CC 512 0.09{0.07,0.11) 241 +023 113.0 26 433 -
CBW-ME-MS-CC 512 0.16 (0.12, 0.20) 1.35+0.10 less 26 -244 --
CBW-MB-MS5-MBt comn 512 014 (0.12, 0.17) 240022 1164 26 -2.79 --
CBW-0OB-MS-CC 384 0.12{0.09,0.15) 242+026 894 19 -3.25 -
CBW-REF-M5-Bt comn 512 0.16 (0.13, 0200 211+0.18 1344 26 -244 --
CBW-SV-MS-MEBt com 512 0.32 (0.26,039) 236021 1238 26 -1.22 --
CBW-TL-MS-TL-F2? 512 0.04 (0.04, 0.08) 187018 1109 26 875 --
CBW-WA-MS-CC 512 0.15(0.12, 0.19) 1.62+0.13 1567 26 -2.60 --

*Total pumber of necnates assayed.

"The LC.; vahie of an insect stram was considered to be greater than the highest Bt protein concentration used in the bioassay if its
larval mortality was =350% at the highest concentration. Larval mortality was calculated based on the number of dead larvae plus
survivors that were still in the first instar (mortality = dead+L1) divided by the total number of mnsects assayed.

¢ Resistance rafio for Bt protein were caleulated by dividing the LCsy value of an insect population by that of the susceptible strain
(CBW-BZ-55). If the L.C4p an mnsect population was smaller than that of the CBW-BZ-55, a negative sign was aszigned to the resistance
ratio.

#* mdicates sigmaificant resistance ratios that were = 10-fold.



Table 5. Seasonal mean square and boll damage among Bt cotton technology traits untreated or treated with Prevathon at 20 fl-oz/ac, 2019.
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Tillar, AR1 Tillar, AR2 Stoneville, MS Alexandria, LA Jackson, TN College Station, TX

Bt Insecticide % Damaged % Damaged % Damaged % Damaged % Damaged % Damaged
tech’ treatment Squares Bolls Squares Bolls Squares Bolls Squares Bolls Squares Bolls Squares Bolls
NBT untreated 170a 220a 84a 183a 148a 133a 05a 00a 110a 125a 563a 87a
Prevathon 47be 48be 35b 38¢ 33 bed 2.0be 00a 00a 00b 00b 11.0b 1.7b
Ws3 untreated 25¢ 30be 15be 20cd 38be 15¢ 03a 00a 10b 00b 17b 03b
Prevathon 35be 13c¢ 05¢ 03d 1.8 cde 08¢ 00a 00a 00b 00b 10b 00b
L+ untreated 15¢c 13c 1.0be 07d 20cde 08c 00a 00a 0.0b 00D 20b 00D
Prevathon 40be 30be 1.0be 17cd 1.5de 02¢ 00a 00a 00b 00b 10b 00b
B untreated 55b 65b 1.0 be g81b 53b 53b 03a 00a 10b 15b 47b 10b
- Prevathon 15¢ 30be 1.5be 03d 10e 07¢ 00a 00a 00b 00b 07b 00b
BG3 untreated 3.0be 3.7be 20be 10d 2.0 cde 03¢ 03a 00a 00b 00b 33b 00b
Prevathon 15¢ 13c¢ 05¢ 0.7d 05e 07¢ 00a 00a 00b 0.0b 03b 00b

Means m a column followed by the same letter are not sigmificantly different based on a F protected LSD (P < 0.05).

!Prevathon at 20 fl-oz/ac applications: Tillar, AR1 (July 24), Tillar, AR2 (July 31), Stoneville, MS (July 11 and July 29), Alexandria, LA (July 10), Jackson, TN (July 29 and Aug 15), College
Station, TX (July 3).
3NBT (non-Bt, DP 1822XF, WS3 (WideStrike3, PHY 330W3FE, TL+ (TwinLink Plus, ST 5471 GLTP), BG2 (Bollgard IL, ST 1518 B2XF), BG3 (Bollgard 3, DP 1835 B3XF).

Table 6. Percentage reduction in square and boll damage of non-treated Bt cotton technologies relative to a non-treated non-Bt cotton, 2019.

Tillar, AR2 Tillar, AR2 Stoneville, MS Alexandria, LA Jackson, TN College Station, TX Across locations
Bt % Reduction % Reduction % Reduction % Reduction % Reduction % Reduction % Reduction
tech' Squares Bolls Squares Bolls Squares Bolls Squares Bolls Squares Bolls Squares Bolls Squares Bolls
WS3 8529ab  86.36 ab 82.14a 89.09 a 74.17 ab 88.75a 50.00 a - 9091 a 100.00 a 97.04 a 96.19 a 7993ab 9208 a
TL+ 9l.18 a 93.94a 88.10a  96.36a 86.51 a 93.77 a 100.00 a -- 100.00 a 100.00 a 96.45a 100.00 a 93.71a 96.81 a
BG2 67.65¢ 70.52b 88.10a  5598Db 64,06 b 60.02 b 50.00a -- 9091 a 88.00 a 91.71a 88.47a 7541b  72.60b
BG3 8235be  83.33ab 79.19a  9455a 8651 a 9753 a 50.00a -- 100.00 a 100.00 a 94.09 a 100.00 a 82.02ab  9508a

'WS3 (WideStrike3, PHY 330W3FE, TL+ (TwinLink Plus, ST 5471 GLTP), BG2 (Bollgard 11, ST 1518 B2XF), BG3 (Bollgard 3, DP 1835 B3XF).
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Table 7. Yields (1bs-lint/ac) among Bt cotton technology traits untreated or treated with Prevathon at 20 f1-

_ozlac, 2019.]

Bt Insecticide  Tillar, Tillar,  Stoneville, Alexandria,  Jackson,  College Station,
tech® treatment AR AR2 MS LA TN X

NBT untreated 773.8a 728.5 de 1200.7 £ 920.6 ¢ 1173.8d 1379.1d
Prevathon 1064.4a 6l44e 15488 ¢ 1178.1 b 1482.5a 1447.7 ed
WS3 untreated 9440 a 994.9 ab 1604.9 de 1221.8 a 1254.4 ¢d 1498.4 ¢d
* Prevathon 1064.4a 7568 b-¢ 17422 bed 1250.9 a 1425.5 ab 1418.3 ¢d
T+ untreated 9578 a 981.0 abe  1872.2 abe 1244.1 ab 1187.64d 1772.9 ab
i Prevathon 1117.7a 7329 cde 1900.1 ab 1286.76 a 1317.3 be 17974 a
BG2 untreated 1035.1a 1084342 17313 ed 11603 b 1447.1 a 1542.5cd
7= Prevathon 988.7a 854.6 a-e 1941.8 a 1217.7 ab 1150.2 ab 1531.0 cd
RG3 untreated 10953 a 10395 a 1701.1d 1220.6 ab 1423.5 ab 1581.7 be
" Prevathon 12144a 876.8a-d 1736.2 ed 1291.2 a 1278.0 cd 15278 cd

Means in a colwnn followed by the same letter are not significantly different based on a F protected LSD

(P < 0.03).

"Prevathon at 20 fl-oz/ac applications: Tillar, AR1 (July 24), Tillar, AR2 (July 31), Stoneville, MS (July 11

and July 29), Alexandria, LA (July 10), Jackson, TN (July 29 and Aug 15), College Station, TX (July 3).
*NBT (non-Bt, DP 1822XF, WS3 (WideStrike3, PHY 330W3FE, TL+ (TwinLink Plus, ST 5471 GLTP),
BG2 (Bollgard I, ST 1518 B2XF). BG3 (Bollgard 3, DP 1835 B3XF).

Table 8. Percentage change in yield in Bt cotton technology from treatment with Prevathon, 2019.!

Bt Tillar, Tillar,  Stoneville, Alexandria, Jackson, College Across
tech? AR1 AR2 MS LA TN Station, TX locations
NBT 27.30 -18.57 22.48* 21.86% 20.82% 4.74 13.11*
WS3 11.31 -31.47 7.88 4.62 12.00* -5.65 -0.22
TL+ 14.31 -33.86 1.47 3.32 9.85% 1.36 -0.59
BG2 -4.70 -26.88 10.84* 4.71 -25.81 -0.75 -7.10
BG3 9.71 -6.45 2.02 5.47 -11.38% -3.53 -0.69

Values within a Bt tech with a * indicate a significant (# < 0.05) change in yield between non-treated
and Prevathon-treated plots within a Bt technology.
"Prevathon at 20 fl-oz/ac applications: Tillar, AR1 (July 24), Tillar, AR2 (July 31), Stoneville, MS

(July 11 and July 29), Alexandria, LA (July 10), Jackson, TN (July 29 and Aug 15), College Station,

TX (July 3).

“NBT (non-Bt, DP 1822XF, WS3 (WideStrike3, PHY 330W3FE, TL+ (TwinLink Plus, ST 5471
GLTP), BG2 (Bollgard IL, ST 1518 B2XF), BG3 (Bollgard 3, DP 1835 B3XF).
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