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Abstract

Collectively, managing coleopteran insects can be challenging because the adult and larval stages may both cause
damage and sometimes occur on different hosts or on different plant parts. While organophosphates, pyrethroids,
and neonicotinoids can provide good to excellent control of coleopteran insects, not all products work equally
well in all situations. Treatments for borers are very different than treatments targeting white grubs. Developing
newer classes of chemistry are important to reduce the environmental consequences and to minimize the
development of resistance. Starting with the 2004 Annual Workshop, screening a number of products to manage
coleopteran insects became one of the high priority projects for entomology. From 2005 through 2022, 91
products representing 58 different active ingredients were tested for management of adult and larval stages of
coleopteran insects. In addition, 10 products representing 10 active ingredients were evaluated for lepidopteran
clearwing borers in 2008 and 2009. These products represented both biological and chemical tools. Some
products were already registered but more data were needed, or they were considered standards to measure the
level of efficacy achieved with other materials. Other products were in development but have not yet been
registered with the EPA. While a number of coleopteran and lepidopteran species were tested, only enough
experiments were able to be completed on the coleopteran species black vine weevil, Japanese beetle, oriental
beetle, red headed flea beetle, Sri Lankan weevil, and viburnum leaf beetles to recommend actions to register or
amend labels for these pests.



Introduction

Coleopteran insects have represented some of the most pervasive invasive insects imported into the United States.
While not all coleopteran insects causing damage are invasive, a large number impacting growers and landscapes
originated outside the US. Collectively, managing coleopteran insects can be challenging because the adult and
larval stages may both cause damage and sometimes occur on different hosts or on different plant parts. While
organophosphates, pyrethroids, and neonicotinoids can provide good to excellent control of coleopteran insects,
not all products work equally well in all situations. Treatments for borers are very different than treatments
targeting white grubs. Developing newer classes of chemistry are important to reduce the environmental
consequences and to minimize the development of resistance. At the 2004 Annual Workshop, screening a number
of products to manage coleopteran insects became one of the high priority projects for entomology. The following
research was conducted between 2005 and 2022. Additional research for managing lepidopteran clearwing borers
was conducted in 2008 and 20009.

Materials and Methods

Ninety-one insecticides were tested against six species of soil dwelling larvae, six species of borers, and five
species of foliar feeding adults and larvae. However, not all products were tested against all species. Depending
upon product characteristics, foliar, trunk spray, drench applications, soil incorporation or other application
methods were made. A minimum of four plants (replicate treatments) were required with most researchers
exceeding this minimum. Insect counts were recorded at timings suitable for each pest. Phytotoxicity when
observed was recorded. The following protocols were used: 08-008, 09-017, 10-023, 12-006, 12-019, 13-006, 16-
007, 17-007, 18-008, 18-009, 19-008, 19-009 19-022, 20-001, 20-002, 21-002, and 22-001. For more detailed
materials and methods, including application rates for various products, please visit
https://www.ir4project.org/ehc/ehc-registration-support-research/env-hort-researcher-resources/#Protocols to
view and download these protocols.

Products were supplied to researchers (See list of researchers in Appendix 1) by their respective manufacturers.


https://www.ir4project.org/ehc/ehc-registration-support-research/env-hort-researcher-resources/#Protocols

Table 1. List of Products and Rates Tested from 2005 to 2021.

Product

Active Ingredient(s)

Manufacturer

Application Method & Rate(s) —
per 100 gal water unless otherwise specified

#
Trials

Acelepryn (DPX-
E2Y45 1.67SC)

Chlorantraniliprole

DuPont

Dipping bolt

15.9 fl 0z (47 g ai)

32floz

64 fl 0z (189.4 g ai)

255 fl 0z (754.4 g ai)

Drench

0.5 fl oz/inch DBH (14.8 ml)

0.8 fl oz

3.2floz

6.47 fl 0z

8 fl oz

11.5fl oz

8 fl oz

16 fl oz

23fl oz

32 floz

46 fl oz

4791l oz

100 fl oz

Foliar

2floz

4 fl oz

6 fl oz

8floz

10 fl oz

16 fl oz

4791l oz

Soil
incorporation

1 ppm

2 ppm

4 ppm

5 ppm

10 ppm

20 ppm

Trunk spray

10 fl oz

32 floz

Aloft

Clothianidin/Bifenthri
n

Arysta

Foliar

8floz

15 fl oz

Trunk spray

32 floz

Ammo 2.5 EC

Cypermethrin

Helena

Dipping bolt

15 fl 0z (66.3 g ai)

32.7 fl 0z (144.9 g ai)

Ancora

Isaria fumosoroseus

OHP

Foliar

16 oz

Arena 50WDG

Clothianidin

Arysta

Drench

1.28 0z

1.9 g/inch DBH

Soil
incorporation

49 mg/pot

L N G R N N G G R N N N NN G N G R N S G R

Asana XL

Esfenvalerate

DuPont

Dipping bolt

6.8 fl 0z (8 g ai)

65.4 fl 0z (76.5 g ai)

82 fl 0z (95.9 g ai)

131.3 fl 0z (153.5 g ai)

AzaGuard

Azadirachtin

BioSafe

Foliar

16 fl oz

Azatin XL

Azadirachtin

OHP

Dipping bolt

256 fl oz

BAS 320i

Metaflumizone

BASF

Dipping bolt

16 fl oz

Drench

12 fl oz

16 fl oz

50 ppm

100 ppm

I NI I
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Application Method & Rate(s) —

#

Product Active Ingredient(s) | Manufacturer per 100 gal water unless otherwise specified Trials
Foliar 45floz 1
16 fl oz 7
Soil 1 ppm 1
incorporation 2 ppm 1
4 ppm 1
25 ppm 1
50 ppm 1
100 ppm 1
200 ppm 1
BCS 507 BCS 507 Bayer Foliar 16 0z 3
Trunk spray 16 oz 2
BeetleGONE Bacillus thuringiensis | Phyllom Foliar 16 oz 1
galleriae strain SDS- 16 1b 4
502 10 g/gal 1
Bifenthrin 8% Bifenthrin Dipping bolt 36.3 fl 0z (42.5 g ai) 1
ME 72.7 fl 0z (85 g ai) 1
145.4 fl 0z (170 g ai) 1
Botanigard ES Beauveria bassiana BioWorks Drench 39 uL/pot 1
Foliar 32floz 4
Soil 39 uL/pot 1
incorporation
Botanigard WP Beauveria bassiana Laverlam Drench 18.7 mg/pot 1
Soil 18.7 mg/pot 1
incorporation
Botaniguard Pyrethrins + BioWorks Foliar 32 fl oz 2
MAXX Beauveria bassiana Trunk spray 32floz 3
strain GHA
BW133 BioWorks Foliar 51b 1
BW238 ES BioWorks Foliar 2qt 1
Cal-Agri501 % | Potassium phosphate | Cal-Agri Products | Drench 128 fl oz 1
Celero 16WSG Clothianidin Valent Dipping bolt 8 0z 1
8.6 0z (38.8 g ai) 1
17.1 0z (77.6 g ai) 1
37.50z (170 g ai) 1
Drench 050z 3
120z 2
40z 2
12 0z 1
16 oz 1
20 0z 1
4 0z/1320 pots 1
Foliar 4 0z 8
6 0z 2
CoreTec Imidacloprid Bayer Soil treatment 3 tablets/inch trunk diameter 1
DEET N, N-diethyl-m- Dipping bolt 40 % 2
toluamide 90 % 1
Discus Imidacloprid + OHP Dipping bolt 100 fl oz 1
cyfluthrin 180 fl 0z (83.3 + 19.8 g ai) 2
364 fl 0z (169.6 + 39.6 g ai) 1
Drench 10 fl oz 2
13fl oz 1
1.5 fl oz/inch DBH (44 ml) 2
Foliar 50 fl oz 2
DuraGuard Chlorpyrifos Whitmire Drench 50 fl oz 1
Dursban 2E Chlorpyrifos Dow Dipping bolt 32 fl oz 1
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Application Method & Rate(s) —

#

Product Active Ingredient(s) | Manufacturer per 100 gal water unless otherwise specified Trials
Dursban Turf Chlorpyrifos Dow Dipping bolt 13.1 fl 0z (92.8 g ai) 1
(4E) Foliar 16 oz 1
Dylox 80S Trichlorfon Bayer Drench 3.750z 1
ESP 715 ESP 715 Bayer Drench 8.55fl oz 1
Trunk spray 8.55fl oz 1
Flagship 0.22G Thiamethoxam Syngenta Top dress 4.25 g/9 sq ft 1
6 g/pot 1
Flagship 25WG Thiamethoxam Syngenta Drench 0.4 0z 2
50z 1
8 0z 8
17 oz 1
24 0z 1
0.18 o0z per 1000 sq ft 1
Foliar 8 0z 1
Top dress 0.09 g /linear foot 1
0.19/9sq ft 1
Trunk spray 16 oz/acre 1
Hachi-Hachi Tolfenpyrad SePro Foliar 21 fl oz 7
15SC 27 fl oz 7
32floz 5
Hexacide Rosemary oil EcoSmart Drench 1.5qt 1
ISM-555 Syngenta Foliar 3.84fl oz 1
ISM-555 5.76 fl oz 6
Kontos Spirotetramat OHP Spray 3.4 floz 1
KOC22018-8 botanical oil blend Kemin Foliar 128 fl 0z 3
Lorshan 4E Chlorpyrifos Dow Dipping bolt 66.9 fl 0z (474 g ai) 1
108.3 fl 0z (767.5 g ai) 1
Lynx Pyrethrins Laverlam Foliar 16 fl oz 1
Mach 2 2SC Halofenozide Dow Drench 2 Ib ai/A 1
2.9 fl oz per 1000 sq ft 1
Marathon Imidacloprid OHP Drench 20 g per 3000 sq ft 1
Marathon 1G Imidacloprid OHP Soil 0.1 g ai/gal 1
incorporation 7 g/pot 1
Marathon 11 2F Imidacloprid OHP Drench 20 g/650 pots 2
20 g/244 pots 1
0.2 fl oz/in diam 1
Drench 0.2floz 1
Foliar 1.7floz 2
Grandevo (MBI- | Chromobacterium Marrone Foliar 1lb 4
203 DF) subtsugae strain Biolnnovations 21b 5
PRAA4-1T 31b 1
Mainspring GNL | Cyantraniliprole Syngenta Drench 32 fl oz 1
(A20520A / 100 fl oz 1
DPX-HGW86) 0.2 fl oz/ft ht 1
Foliar 4 fl oz 1
8 fl oz 3
16 fl oz 5
Trunk Spray 32 floz 1
MBI-203 SC2 Chromobacterium Marrone Foliar 128 fl oz 5
subtsugae strain Biolnnovations
PRAA4-1T
MBI-306 MBI-306 Marrone Foliar 25floz 3
Biolnnvations 5.0 fl oz 5
10 fl oz 1
20 fl 0z 1




Application Method & Rate(s) —

#

Product Active Ingredient(s) | Manufacturer per 100 gal water unless otherwise specified Trials
Merit 75 Imidacloprid Bayer Foliar 10 tsp 1
Drench 6.4 0z 1
Met 52 Metarhizium Novozymes Drench 58 oz 2
anisopliae Soil 20 g / 4 gal media 1
incorporation
Metarhizium Metarhizium Novozymes Dipping bolt 1.3x10° 1
anisopliae anisopliae 3.9x108 1
Strain F52 3.9x10° 1
Drench 2.9 g/pot 1
14.04 cfu/pot 2
28.08 cfu/pot 2
56.16 cfu/ pot 1
Foliar 29 fl oz 3
Soil 4.5 x108 spores/L 1
incorporation 2.9 g/pot 1
6.25 g/pot 1
NEI 25925 Acetamiprid Cleary Trunk spray 4 ml/inch DBH 1
Onyx 2EC Bifenthrin FMC Dipping bolt 32 0z 4
60 fl 0z (212.3 g ai) 5
Foliar 6.4 fl oz 2
7.2floz 1
12.8fl oz 7
32floz 1
Trunk spray 6.4 fl oz 3
12.8fl oz 4
16 fl 0z 3
32floz 2
102 fl oz 1
Ornazin Azadirachtin SePro Drench 10 oz per 100 gal 1
Orthene Acephate Arysta Drench 12 oz per 100 gal 1
Permethrin 2.5 Permethrin Bonide Products Foliar 128 fl oz 2
EC
Perm-UP Permethrin UPI Trunk spray 8 fl oz 2
Precise G & N Acephate Purcell Soil 6 g product/can 1
Technologies incorporation
Top Dress 3 tsp per pot 2
Preferal Isaria fumosoroseus SEPro Foliar 80z 1
16 oz 5
Proclaim Emamectin benzoate Syngenta Dipping bolt 256 fl oz 1
Pyridium Beta-cyfluthrin Bayer Foliar 2.1floz 2
Trunk spray 2.1floz 1
RTSA 721 RTSA 721 Rainbow Tree Drench 10 ml + 120 bl water / in 3
Care caliper
Foliar 650 ml 3
Trunk spray 100 ml per gal 3
Safari 2G Dinotefuran Valent Soil 1.23 g/pot 1
incorporation
Top dress 2.2 g/gal media 3
60 g/plant 1
Safari 20SG Dinotefuran Valent Drench 12 g/inch DBH 3
12 oz 4
24 0z 23
48 oz 3
6 g/ft shrub height 1
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Application Method & Rate(s) —

#

Product Active Ingredient(s) | Manufacturer per 100 gal water unless otherwise specified Trials
Foliar 8 0z 1
soil 24 0z !
incorporation
Basal spray 8 0z 1
Trunk spray 24 oz 1

Sarissa (IKI- Cyclaniliprole ISK Foliar 22 fl oz 12

3106) 27floz 9

Scimitar GC Lambda-cyhalothrin Syngenta Drench 60 fl oz 1

0.5 fl oz/ft ht 1
Foliar 3.2floz 1
5fl oz 4
Trunk spray 5fl oz 1

Sevin XLR 4F Carbaryl Bayer Drench 6 fl 02/1000 sq ft 2

Sevin SL Carbary!l Bayer Foliar 150 fl oz 1

Sevin (zeta-cyp.) | Zeta-cypermethrin Foliar 4 fl 0z per gal 2

SP3014 SP3014 SePRO Foliar 13fl oz 3

16 fl oz 1
26 fl 0z 4
32floz 1

Talstar 0.2G Bifenthrin FMC Soil 10 ppm 1

incorporation 25 ppm 1
33.7 g/ 4 gal media 1

Talstar F Bifenthrin FMC Dipping bolt 32 fl oz 1
35 fl 0z (41 g ai) 1

115.7 fl 0z (135.3 g ai) 1

183 fl 0z (214 g ai) 1

Drench 25fl oz 1
80 fl oz 1

Foliar 10fl oz 1
40 fl oz 2

Trunk spray 40 fl oz 3

Talstar One Bifenthrin FMC Foliar 21.7floz 1
Trunk Spray 21.7 fl oz 1

Tempo 2 Cyfluthrin Bayer Dipping bolt 32 fl oz 1

Thiodan 3EC Endosulfan UCPA Dipping bolt 15.6 fl 0z (83 g ai) 1

TickEx EC Metarhizium Novozymes Drench 21 fl oz 1

anisopliae 29 fl oz 1
Foliar 29floz 5

TetraCURB rosemary oil Kemin Foliar 128 fl oz 2

Conc.

TetraCURB Org. | rosemary oil Kemin Foliar 128 fl oz 2

Tolfenpyrad Tolfenpyrad Nichino Foliar 14 fl oz 1

15EC 21floz 5
Soil 10 ppm 1
incorporation
Trunk spray 21 fl oz 3

24 fl oz 1

TriStar 30SG Acetamiprid Cleary Trunk spray 4 oz/inch DBH 1

Foliar 8¢ 1

12.00z 2

TriStar 8.5 SL Acetamiprid Cleary Foliar 25.3fl oz 6
32 floz 2

TriStar 70WSP Acetamiprid Cleary Foliar 96 g (3.38 02) 6
8 oz 2

12 oz 1
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Application Method & Rate(s) —

#

Product Active Ingredient(s) | Manufacturer per 100 gal water unless otherwise specified Trials
UP-Star Gold Bifenthrin UPI Foliar 8 fl oz 1
V-10433 V-10433 Valent Foliar 5.5floz 1
11floz 5
13fl oz 2
22 fl oz 5
Trunk spray 55fl oz 2
11floz 2
Velifer Beauveria bassiana BASF Foliar 11floz 1
Strain PPRI 5339 13fl oz 1
Venerate Burkholderia Marrone Foliar 1 gal 1

rinojensis A396

VST-06330 VST-06330 Vesteron Foliar 161b 1
VST-06350 VST-06350 Vesteron Foliar 3.33L 3
Xpectro OD Pythrerins + Laverlam Foliar 25.3fl oz 1
Beauveria bassiana 32 fl oz 3
XXpire / GF- spinoteram/sulfoxaflo | Dow Foliar 2.75 1
2860 40WP r 3.50z 4
70z 1
Xytect 2F Imidacloprid Drench 0.2 fl oz/inch DBH 1
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Results: Foliar Feeding Beetles

Foliar feeding beetles can be an important pest of landcape plant production in both indoor and outdoor settings.
Adults and/ or larvae typically feed on the plant foliage and can severely reduce product marketability. Common
damage symptoms are primarily aesthetic and vary from small holes to entirely skeletonized leaves as well as
winding tunnels of dead tissue within leaves. Some individuals may also feed on growing tips causing notched
leaves to develop and, occasionally, overall stunted growth. Although many of the foliar leaf beetles discussed in
this summary are mainly introduced species, the majority are now well established in the U.S. Foliar feeding
beetle typically rely on a variety of crops for their survival, although a few depend on a much narrower host
spectrum. However, because of their voracious nature, infestations of foliar feeding beetles cannot be ignored,
which makes the registration of effective pest management resolutions crucial for the nursery industry.
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Table 2. Summary of Foliar Feeding Beetle Results

galleriae Strain
SDS-502)

Ambrosia Black Vine Japanese
Beetle, Weevil - European Beetle -
Ambrosia Granulate/ adults EIm Flea adults Red Headed | SriLankan Viburnum

Beetle Asian (Otiorhynchus Weevil (Popillia Flea Beetle Weevil Leaf Beetle
Product (Active (Xylosandrus | (Xylosandrus sulcatus - (Orchestes japonica - (Systena (Myllocerus (Pyrrhalta
Ingredients) MOA germanus) crassiusculus) adults) alni) adults) frontalis) undatus) viburni)
Acelepryn
(Chlorantraniliprole) IRAC 28 47@4-5n3 | 1.0(1-1)n4
Acelepryn (Dupont) IRAC 28 10(1-1)n1 1.0(1-1)n2 10(1-1)n1 3.6(1-5n9 40(3-5)n7
(Chlorantraniliprole) Labeled Labeled Labeled Labeled Labeled
Acephate 97UP i
(Acephate) IRAC 1B 10(1-1)n1
Acephate Pro 75
WSP (Acephate) IRAC 1B 10(1-1)n1
Aloft SC IRAC 4A 20@2-2)nl | 30(1-5)n2 | 4.0(4-4)n3
(Clothianadin + +IRAC

: . Labeled Labeled Labeled

bifenthrin) 3
Ammo EC
(Cypermethrin) IRAC 3A 15(1-2)n2
Ancora (Isaria FRAC
fumosorosea NC &
Apopka Strain 97 IRAC 20(1-3)n2
(ATCC 20874)) UNF
Asana XL
(Esfenvalerate) IRAC 3A 20(1-3)n3
AzaGuard IRAC
(Azadirachtin) UN 10(-1nl 10(-1)nl
Azatin O IRAC
(Azadiractin) UN 10(1-1)n1
Azatin XL IRAC 10(1-1)n1
(Azadirachtin) UN Labeled
BAS 320i IRAC
(Metaflumizone) 298 10(1-1)n1 50(5-5)n1 28(1-5)n5 30(3-3)n2
55(%'507 (BCS- | unknown 10(1-1)n1 50(5-5)nl | 5.0 (5-5)n2
beetleGONE! tlc
(Bacillus
thuringiensis subsp. Eﬁc 13(1-2)n6 | 20(2-2)n1
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Ambrosia Black Vine Japanese
Beetle, Weevil - European Beetle -
Ambrosia Granulate/ adults Elm Flea adults Red Headed | SriLankan Viburnum
Beetle Asian (Otiorhynchus Weevil (Popillia Flea Beetle Weevil Leaf Beetle

Product (Active (Xylosandrus | (Xylosandrus sulcatus - (Orchestes japonica - (Systena (Myllocerus (Pyrrhalta
Ingredients) MOA germanus) crassiusculus) adults) alni) adults) frontalis) undatus) viburni)
Benefit 60 WP
(imidacloprid) IRAC 4A 1.0(1-1)n1
Bifenthrin 8% ME
(Bifenthrin) IRAC 3A 40(3-5)n2
BotaniGard ES
(BioWorks) IRAC i i
(Beauveria bassiana | UNF 13(1-2)n3 20(@2-2)nl
Strain GHA)
cotmic WA | irac an

yrethn . + IRAC 1.0(1-1)nl 1.0(1-1)n2 | 1.0(1-1)n2
Beauveria bassiana UNE
Strain GHA)
BW133 (BW133) EFéAC 10(1-1)n2 | 30@3-3)nl
E\S/\)/238 ES (Bw238 unknown 10(1-1)n2 | 3.0(33-3)nl
BW238 WP
(BW238 WP) unknown 10(1-1)n2
Celero 16WSG IRAC 4A 151 -2)n2 1.01-1)nt 2.4(1-5)n8 3.3(3-4)n3
(Clothianadin) Labeled Labeled Labeled Labeled
Conserve SC 43(3-5n4
(Spinosad) IRACS Labeled
DEET (DEET) Unknown 40(3-5n2
Discus IRAC 4A
(Imidacloprid + + IRAC Z'Sngbél?dnz 4.0L$:fb;zli)dn1
cyfluthrin) 3A
DPX-HGW86 1.0(1-1)n1
(Cyantraniliprole) IRAC 28 Labeled
Dursban
(Chlorpyrifos) IRAC 1B 1.0(1-1)n2
Flagship 0.22G
(Thiamethoxam) IRAC 4A 1.0(1-1)nl
Flagship 25WG IRAC4A | 30(3-3)nl | 1.0(1-1)nl 25(2-3)n2 | 35@3-4)n2 43 (4-5)n4

(Thiamethoxam)
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Ambrosia Black Vine Japanese
Beetle, Weevil - European Beetle -
Ambrosia Granulate/ adults EIm Flea adults Red Headed | SriLankan Viburnum

Beetle Asian (Otiorhynchus Weevil (Popillia Flea Beetle Weevil Leaf Beetle
Product (Active (Xylosandrus | (Xylosandrus sulcatus - (Orchestes japonica - (Systena (Myllocerus (Pyrrhalta
Ingredients) MOA germanus) crassiusculus) adults) alni) adults) frontalis) undatus) viburni)
Grandevo (MBI 203
DF) FRAC
(Chromobacterium NC 101-1)n1 | 1.0(1-1)n1 | 1.7(1-3)n6
subtsugae NRRL B-
30655)
Hachi-Hachi EC IRAC
(Tolfenpyrad) 1A 30(3-3)nl | 1.0(1-1)nl | 1.0(1-1)n1 | 1.0(1-1)nl | 1.5(1-3)n4 | 1.7(1-3)n3 3.0(3-3)n2
Hachi-Hachi SC IRAC 22(1-5)
(Tolfenpyrad) 21A ni2 20(@2-2)nl
ISM-555 (ISM-555,
A21377X) unknown 43(3-5n4 | 40(3-5n4
KOC22018-8
(Botanical Qil unknown 10(1-1)n1 | 25(1-4)n2
Blend)
Kontos (BY1 8330
240SC) IRAC 23 10(1-1)n1
(Spirotetramat)
Lorsban 4E
(Chlorpryifos) IRAC 1B 25(2-3)n2
Lynx EC 5.0
(Pyrethrins) IRAC 3A 10(1-1)n1
Mainspring GNL
200SC IRAC 28 24 (1-5)n7
(Cyantraniliprole)
Marathon 1%
granular IRAC 4A 3.OL§béli)dn2
(Imidacloprid)
Marathon I IRAC 4A 50(5-5n1 | 3.0(3-3)nl
(Imidacloprid) ' '
2/(I)I§>)I 208 SC2 (MBI unknown 15(1-3)n4 | 1.0(1-1)n4
MBI 306
(Burkholderia unknown 13(1-2)nd4 | 1.0(1-1)nd

rinojensis strain
A396)
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Ambrosia Black Vine Japanese
Beetle, Weevil - European Beetle -
Ambrosia Granulate/ adults Elm Flea adults Red Headed | SriLankan Viburnum
Beetle Asian (Otiorhynchus Weevil (Popillia Flea Beetle Weevil Leaf Beetle
Product (Active (Xylosandrus | (Xylosandrus sulcatus - (Orchestes japonica - (Systena (Myllocerus (Pyrrhalta
Ingredients) MOA germanus) crassiusculus) adults) alni) adults) frontalis) undatus) viburni)
MBI-203 WDG
(Chromobacterium unknown 3.03-3)nl
subtsugae)
Met52 FRAC
(Metarhizium NC & 10(1-1)n 10(1-1)n1 1.0(1-1)n2
anisopliae strain IRAC Labeled Labeled Labeled
F52) UNF
. . 30(3-3)nl | 34(1-5)n9 47(3-5n7 | 1.0(1-1)n2
Onyx (Bifenthrin) IRAC 3A Labeled Labeled Labeled Labeled
Perm-Up 3.2EC
(Permethrin) IRAC 3A 50(5-5)n1
Pradia IRAC 28
(Cyclaniliprole + + IRAC 20(2-2)n1
Flonicamid) 29
Precise Acephate 20(2-2)nl
(Acephate) IRAC 1B Labeled
Pre-fe-ral (Biobest) FRAC
. NC &
(Paecilomyces 10(1-1)nl
fumosoroseus) IRAC
UNF
Preferal (SePro) E%Ag?
(Isaria 14(1-3)n5 | 20(2-2)nl
fumosoroseus) IRAC
UNF
Pyridium (Beta-
eyfluthrin) IRAC 3A 40(4-4)n1 | 50(5-5n1
Rotation: ESP 715/
BCS-507 FRAC 7/
(Fluopyram / BCS- | 2 10(@-1)nl
507)
Rotation:
Mainspring / IRAC 28
Scimitar /IRAC 20(2-2)n1
(cyantraniliprole / 3A

lambda cyhalothrin)
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Ambrosia Black Vine Japanese
Beetle, Weevil - European Beetle -
Ambrosia Granulate/ adults Elm Flea adults Red Headed | SriLankan Viburnum
Beetle Asian (Otiorhynchus Weevil (Popillia Flea Beetle Weevil Leaf Beetle

Product (Active (Xylosandrus | (Xylosandrus sulcatus - (Orchestes japonica - (Systena (Myllocerus (Pyrrhalta
Ingredients) MOA germanus) crassiusculus) adults) alni) adults) frontalis) undatus) viburni)
Rotation: Marathon
11/ BCS-507 IRAC 4A
(Imidacloprid / /2 10@-1)nl
BCS-507)
;Zl'ls)A 721 (RTSA unknown 22(1-5)n12
Safari 20SG IRAC 4A 20(1-3)n2 | 10(1-1)n1 1.0(1-1)n1 | 20(2-2)n1 | 23(1-5n9 26(1-5) 30(2-4)n3
(Dinotefuran) Labeled Labeled Labeled Labeled Labeled n13 Labeled Labeled
Safari 2G 4.0 (3-5)n2 10(1-1)n1
(Dinotefuran) IRAC 4A Labeled Labeled
Sarisa 50SL IRAC 28 46(@4-5n5 | 31(L-5n9 | 20(2-2)nl
(Cyclaniliprole) Labeled Labeled Labeled
Scimitar CS 10(1-1)n1 40(3-5)n2 | 30(1-5)n5
(Lambda- IRAC 3A Labeled Labeled Labeled
cyhalothrin)
Sevin (zeta-
cypermethrin - unknown 5.0 (5-5)nl
consumer label)
(zeta-cypermethrin)
Sevin SL (Carbaryl) | IRAC 1A 5.0(-5)n2
SP3014 (SP3014) unknown 10(1-D)n4 | 15(1-3)n4
Talstar Flowable
Insecticide/Miticide | IRAC 3A S'OLfb;IZnZ
(Bifenthrin)
Talstar NF 3.0(1-5n3 50(5-5nl
(Bifenthrin) IRAC 3A Labeled Labeled
Tank Mix: Discus +

. . IRAC 4A
DEET (Im_|daclopr|d + IRAC 4.0 (3-5)n2
+ cyfluthrin + 3A + 7
DEET) )
Tank Mix:
Mainspring GNL + IRAC 28
Scimitar GC + IRAC 3.0(3-3)n1
(cyantraniliprole + 3A

lambda cyhalothrin)
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Ambrosia Black Vine Japanese
Beetle, Weevil - European Beetle -
Ambrosia Granulate/ adults EIm Flea adults Red Headed | SriLankan Viburnum
Beetle Asian (Otiorhynchus Weevil (Popillia Flea Beetle Weevil Leaf Beetle

Product (Active (Xylosandrus | (Xylosandrus sulcatus - (Orchestes japonica - (Systena (Myllocerus (Pyrrhalta
Ingredients) MOA germanus) crassiusculus) adults) alni) adults) frontalis) undatus) viburni)
ok M O e 3
(Bifenthrin + Neem ISIBRAC 30(3-3)nl
Oil Extract)
o Irac s

. . + IRAC 50(5-5)n1
(Bifenthrin + AA
clothianadin)
Tank Mix: Onyx +
Deet (Bifenthrin + | [R0C 34 4.0 (4 - 4)nl
DEET) '
Tank Mix: Onyx + IRAC 3A
Dursban (Bifenthrin | + IRAC 50(5-5)n1
+ chlorpyrifos) 1B
Tank Mix: Sarissa +
Azatin O IRAC 28
(Cyclaniliprole + + 30@-3nl
azadirachtin)
Tank Mix: Talstar
L&T + DEET IRAC 3A
(Bifenthrin + £ 30(3-3)nl
DEET)
Tank Mix: Tempo 2
+DEET (Cyfluthrin | 'RAC 34 30(3-3)nl
+ DEET) '
TetraCURB
Concentrate IRAC 10(1-1)nl | 25(2-3)n2

. UNE

(Rosemary Qil)
TetraCURB Organic | IRAC
(Rosemary Oil) UNE 10(1-1)n1 | 1.0(2-1)n1
Thiodan EC
(Endosulfan) IRAC 2A 10(1-1)n1
TickEx EC
(Metarhizium IRAC 10(1-1)n5

. : UNF
anisophliae)
TriStar 30SG IRAC 4A 50(-5n1 | 20(1-3)n3 404-4)nl
(Acetamiprid) Labeled Labeled Labeled

22




(Imidacloprid)

Ambrosia Black Vine Japanese
Beetle, Weevil - European Beetle -
Ambrosia Granulate/ adults Elm Flea adults Red Headed | SriLankan Viburnum
Beetle Asian (Otiorhynchus Weevil (Popillia Flea Beetle Weevil Leaf Beetle
Product (Active (Xylosandrus | (Xylosandrus sulcatus - (Orchestes japonica - (Systena (Myllocerus (Pyrrhalta
Ingredients) MOA germanus) crassiusculus) adults) alni) adults) frontalis) undatus) viburni)
TriStar 70WSP 33(1-5n4
(Acetamiprid) IRAC 4A Labeled
TriStar 8.5SL
(Acetamiprid) IRAC 4A 50(-5nl1 | 48(4-5)n4
UP-Star Gold
(Bifenthrin) IRAC 3A 30(3-3)n1
V-10433 (V-10433) | unknown 10(1-)n1 15(1-3)n6 | 1.6(1-3)n5
Velifer (Beauveria
bassiana Strain {JRI\'IA‘FC 15(1-2)n2
PPRI 5339)
Venerate CG FRAC
(Burkholderia NC & )
rinojensis strain IRAC 20(2-2)m
A396) UNB
VST-006350
(Liquid) (GS- i i
omega/kappa-Hxix- IRAC 32 10(1-1)nl | 1.0(1-1)n4
Hvla)
Q0% macon
y . . + IRAC 20(1-3)n2 10(1-1)n1

Beauveria bassiana UNE
Strain GHA)
Xxpire 40WG IRAC 5
(Spinetoram + + IRAC 2.6L(alb;zl?dn7
sulfoxaflor) 4C
Xytect 2F IRAC 4A 30(3-3)nl | 1.0(1-1)nl

Average rating on a scale of 1 — 5 with 1 = 0 to about 70% efficacy and 5 = 100 efficacy or equivalent to non-inoculated control; minimum to maximum rating; number of
trials. A rating of 2 or lower is considered unacceptable. A rating of 3 or higher is considered commercially acceptable. For insect/product combinations that are blank,
IR-4 has not screened this combination.
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Comparative Efficacy on Black Vine Weevil Adults (Otiorhynchus sulcatus)

Black vine weevil (Otiorhynchus sulcatus) is a serious pest of ornamental nursery crops (field and container-
grown), vineyards, strawberries and hops. Even though it is suspected the black vine weevil (BVW) originated in
northern Europe, it was first identified in North America in 1835 and became a notable pest in Missouri by 1871.
It is found predominantly in the northern portions of the United States, but its range extends into Virginia and out
to the Pacific Northwest.

Throughout Asia, Europe, and North America, black vine weevil adults feed on the foliage and larvae feed on the
roots dmaging a tremendous variety of species, including azalea, strawberry, begonia, blackberry, blueberry, and
cranberry, cyclamen, euonymus, forsythia, fuchsia, hemlock, impatiens, primrose, rhododendron, sedum and yew
(http://www.mortonarb.org/res/CLINIC pests BlackVineWeevil.pdf;
http://www.entomology.umn.edu/cues/blackvw/blackvh.html).

IR-4 sponsored a single study on adult BVW and several studies on the larvae [See Comparative Efficacy on
Black Vine Weevil (Otiorhynchus sulcatus)].

Nielsen 2007

In 2007, Nielsen tested six products for their residual efficacy in controlling black vine weevil adults on foliage.
Five products were applied to yew and one was applied to rhododendron. Foliage of rhododendron or yew was
sprayed Aug 13, and then adults were caged with treated leaves at 1, 3, 7, and 13 DAT. After exposure for 72
hours, the number of dead weevils was counted and any moribund adult was moved to Nontreated foliage and
reevaluated 3-days later.

Only the standard Talstar and BAS 320i treatments provided any mortality of adult black vine weevils. Data were
similar for all evaluation dates. (Table 3).

No phytotoxicity was observed.

Table 3. Efficacy of several insecticides for black vine weevil adults (Otiorhynchus sulcatus) on Yew (Taxus
sp.) or Rhododendron (Rhododendron sp.), Nielsen, 2007.

Rate Per Plant Host Percent Mortality after
Treatment? 100 Gal 3 day exposure?
Acelepryn / DPX-
E2Y4g(Zhlorantraniliprole) 100z Yew 0
BAS 320i (metaflumizone) 16 oz Rhododendron 100
Metarhizium 29 0z Yew 0
Safari 20SG (dinotefuran) 8 0z Yew 0
Talstar F (bifenthrin) 40 fl oz Yew 100
Tolfenpyrad 21 oz Yew 0
Nontreated Yew 0

Z Treatments were applied August 13, 2007 and evaluated through 13DAT. Four plants per treatment were used.
Y Exposed 5 weevils/replicate in plastic cups with treated foliage.

Comparative Efficacy on Japanese Beetle Adults (Popillia japonica)

The Japanese beetle (Popillia japonica) is a widespread and destructive exotic pest of turf, landscape, and
ornamental plants in the United States. Outside of its native Japan, it is also found in China, Russia, Portugal, and
Canada. Since the first detection in the US in a nursery near Riverton, New Jersey in 1916, it has spread to many
states east of the Mississippi River, as well as parts of Wisconsin, Minnesota, lowa, Missouri, Nebraska, Kansas,
Arkansas and Oklahoma. Despite regulatory efforts, it has become established in at least 30 states by 2002.
Occasional introductions are made into western states such as California and Oregon when the adult beetles or
larvae are shipped in commerce.
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The Japanese beetle has a total host range of more than 400 plant species, including turf, ornamentals, fruits, and
vegetables. Currently the Japanese beetle is the most widespread pest of turf and costs the turf and ornamental
industry approximately $450 million each year in management alone (http://ohioline.osu.edu/hyg-
fact/2000/2504.html, http://edis.ifas.ufl.edu/IN630).

IR-4 sponsored several studies on adult JB and a couple studies on the larvae [See Comparative Efficacy on
Japanese Beetle Grubs (Popillia japonica)].

From 2006 to 2019, seven researchers examined the efficacy of 29 products and unregistered materials for
managing Japanese beetle adults. The products tested included Acelepryn, Aloft, BAS 320i, BotaniGard ES,
BotaniGard MAXX, Celero 16WSG, Flagship 25WG, IKI-3106, Marathon Il, Onyx 2EC, Precise, Pyridium,
Safari 2G, Safari 20SG, Scimitar, Talstar, TickEx EC, Tolfenpyrad, TriStar, V-10433, VST-006350, and Xpectro.
In these experiments, the assessment typically made was percent leaf damaged by adult beetle feeding. Even
though Reding (Table 13 and Table 14) and Adesso (Table 15) were unable to achieve statistical separation in 3
experiments, in the 13 experiments conducted by Addesso, Alm, Braman, Davis, Persad, and Schultz, there were
clear differences in efficacy. As the standards, Sevin, Tristar SL, and bifenthrin in Onyx and Talstar, provided
good to excellent control. Acelepryn performed well achieving greater than 95% control in seven out of nine
experiments. Aloft provided good to excellent control in 2 tests, IKI-3106 in 6 tests,and BAS 320i, in 2 of 3 tests.
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Table 4. Summary of Japanese Beetle Adult (Popillia japonica) Efficacy.

cE2| E2 é S| x >3 = vo |8 S s c
Rose ©5 | &g £2 882 2 g5 22|28
0| S0 | g3 |03 3 | 0= | 53|53
14 14 19 4 7 14 19 17 19 2 WAT 4 7 7 1
DAT | DAT | DAT | DAT | DAT | DAT DAT | DAT | DAT DAT | DAT | DAT | DAT
S5 eg|Es 2| 85| 8y Buleg es|e8| Eg | B fs|iEs|:s
L o <O c © T O T o c © EO < S <O < S © © c © T o o o o o
Treatment
Acelepryn / DPX-E2Y45 ++ + ++ ++ ++ +/- ++ ++ ++
(chlorantraniliprole)
Aloft ++ +
(clothianidin+bifenthrin)
AzaGuard (azadirachtin) - -
BAS 320i ++ - ++
(metaflumizone)
BCS 507 + ++
BotaniGard ES - - +/-
BotaniGard MAXX - - ++
(pythrerins + Beauveria
bassiana)
Celero 16 WSG ++ - + - +/-
(clothianidin)
Flagship 25WG + -
(thiamethoxam)
IKI-3106 (cyclaniliprole) + ++ ++ + ++ ++
KOC22018-8 (botanical - +
oil blend)
Marathon 11 ++
(imidacloprid)
Onyx 2EC (bifenthrin) + ++ ++ ++ +
Precise (acephate) -
Pyridium (beta-cyfluthrin) +
Safari 2G (dinotefuran) +/- +-
Safari 20SG (dinotefuran) + +/- +/- - +/- - +/-
Scimitar (lambda- + +
cyhalothrin)




X Y— Y—
cE>| E2| 85| x>3 2 ve | §S |85
o |0 | 23 |®ez) 2 | 0= 53|53
14 14 19 4 7 14 19 17 19 2 WAT 4 7 7 1
DAT | DAT | DAT | DAT | DAT | DAT DAT | DAT | DAT DAT | DAT | DAT | DAT
N c o c e c o
S5 E8| S8 ¢8| 85| S5 | Bn| 8|5 | e8| Eg |E5 | 3| 28| E8
SR |<Q|S8R| 8| 8| 8| s <8 | <R |<g| 8 | 8| 8RR | 52| ¢¢
A o < o o N N o o < o N o N
Treatment
Sevin (carbaryl) ++ ++
Talstar F (bifenthrin) ++ ++ ++
TetraCURB Conc. - -
(rosemary oil)
TetraCURB Org - -
(rosemary oil)
(by
28
DAT
TickEx (Metarhizium 100%
anisopliae) contr
ol
was
achie
ved)
Tolfenpyrad EC ++ - .
TriStar 8.5 SL + ++
(acetamiprid)
TriStar 70WP ++ ++ +/- +
(acetamiprid)
V-10433 +/- - -
VST-006350 -
Xpectro OD (pythrerins + - +/-
Beauveria bassiana)

! Rating Scale: ++ = clearly statistically better than Nontreated and greater than 95% control; + = statistically better than Nontreated and between 85 and 95% control; +/-
statistically better than Nontreated with control between 70 and 85%; - = statistically equivalent to Nontreated and/or efficacy less than 70%.

2\Where more than one rate or application type for a product was included in the experiment and each performed statistically different, the better rating is provided in this
table.
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Alm 2006

In 2006, Alm conducted two experiments to determine efficacy of five products to control Japanese beetle adults
on foliage of Sargent cherry and shamrock linden. In both experiments, foliar applications were made and then a
single terminal branch was selected from each plant with the top five treated leaves rated for percent Japanese
beetle feeding damage on Jul 10, Jul 19, and Jul 31 (10, 19 and 31 DAT, respectively). The mean percent feeding
damage was calculated for the top five leaves. An overall mean percent feeding damage was calculated from four
replicates.

For Sargent cherry, there was no statistically significant Japanese beetle feeding damage to any of the treated trees
at 10 DAT (Table 5), but by 19 and 31 DAT there was significantly more feeding damage on the Nontreated and
the Safari treated trees than any of the other treatments. Acelepryn, Celero, Onyx, and TriStar 70WP significantly
reduced feeding; however, Celero only provided approximately 50% control whereas the other treatments
provided 95% control or better.

For shamrock linden, all treatments provided statistically significant control of Japanese beetle feeding by the
time trees were rated on10 and 19 DAT (Table 6). When trees were rated on 31 DAT, there was significant
feeding damage on the Safari treated trees compared to the other treatments. With the exception of Safari at 31
DAT, all treatments provided 82% control or better based upon percent feeding damage.

No phytotoxicity was observed.

Table 5. Efficacy of several insecticides for Popillia japonica on Sargent Cherry, Prunus sargentii, Alm,
2006a.

Average Percent Leaf Damage *

RateGP:Ir 100 10 July 19 July 31 July
Treatment 10 DAT 19 DAT 31 DAT
Acelepryn / DPX-E2Y45 10 fl 0z 0.0a(100%) | L1.0bc(98%) | 2.0c(98%)
(chlorantraniliprole)
Celero 16 WSG (clothianidin) 6 0z 0.0 a (100%) 23.0 b (59%) 40.0 b (50%)
Onyx 2EC (bifenthrin) 12.8 fl oz 0.0 a (100%) 2.5 bc (95%) 2.0 ¢ (98%)
Safari 20SG (dinotefuran) + Capsil 80z+6floz 2.5 a (0%) 49.0 a (12%) 65.0 a (19%)
TriStar 70WP (acetamiprid) 3.38 0z 0.0 a (100%) 0.0 ¢ (100%) 0.0 ¢ (100%)
Nontreated 2.5 a (0%) 55.5 a (0%) 80.5 a (0%)

z Means in the same column followed by the same letter are not significantly different, (P = 0.05, LSD test).

Table 6. Efficacy of several insecticides for Japanese Beetle (Popillia japonica) on Shamrock Linden (Tilia

cordata) ‘Bailyei’, Alm, 2006b.

Average Percent Leaf Damage ?

Rategglr 100 10 July 19 July 31 July
Treatment 10 DAT 19 DAT 31 DAT
Acelepryn / DPX-E2Y45 10 fl 0z 0.5b(93%) | 0.0b(100%) | 3.5c (96%)
(chlorantraniliprole)
Celero 16 WSG (clothianidin) 6 0z 0.5 b (93%) 3.5 b (88%) 14.5 ¢ (82%)
Onyx 2EC (bifenthrin) 12.8 fl 0z 0.0 b (100%) 3.5 b (88%) 11.0 c (86%)
Safari 20SG (dinotefuran) + Capsil 80z +6floz 2.0 b (71%) 5.0 b (83%) 41.0 b (48%)
TriStar 70WP (acetamiprid) 3.38 0z 0.0 b (100%) 0.0 b (100%) 0.0 ¢ (100%)
Nontreated 7.0 a (0%) 29.5 a (0%) 78.5 a (0%)

z Means in the same column followed by the same letter are not significantly different, (P = 0.05, LSD test).

Alm 2007

In 2007, Alm compared the efficacy of Acelepryn with Onyx to control Japanese beetle adults on foliage of
Sargent cherry (Table 7). In this experiment, after foliar applications two terminal branches were selected from
each plant, and ten treated leaves were rated for percent Japanese beetle feeding damage on Jul 18, Jul 27, and
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Aug 14 (8, 17 and 34 DAT, respectively). The mean percent feeding damage was calculated for these ten leaves.
An overall mean percent feeding damage was calculated from five replicates.

In this experiment, Acelepryn and Onyx significantly reduced Japanese beetle adult feeding by 8 DAT. By 17
DAT, percent control was 91% or greater for all rates of both products. This level of management remained
through 34 DAT, the last reading date.

No phytotoxicity was observed.

Table 7. Efficacy of DPX-E2Y45 and Onyx for Japanese Beetle (Popillia japonica) on Sargent Cherry
(Prunus sargentii), Alm, 2007.

Rate Per Average Percent Leaf Damage (% Control) ?

100 Gal 18 July 27 July 14 Aug
Treatment 8 DAT 17 DAT 34 DAT
(Acﬁeléerzmaf] ﬁ?ﬁ?ﬁ]ﬁfw’ 2fl oz 6.4 b (56%) 2 3b (94%) 3.3b (92%)
;ﬁ?é%rt)r/gn(iﬁ;);[;zws; 41l oz 4.4bc (69%) 3.4 (91%) 4.2b (90%)
?r]ﬁi'é%rt{;‘n(iﬁgfél'gz\”& 8 fl 0z 2.0c (86%) 0.7b (98%) 1.6b (96%)
Onyx 2EC (bifenthrin) 12.8fl oz 2.4bc (83%) 1.9b (95%) 2.0b (95%)
Nontreated 14.4a (0%) 39.0a (0%) 41.3a (0%)

z Means in the same column followed by the same letter are not significantly different, (P = 0.05, LSD test).

Alm 2008

In 2008, Alm compared the efficacy of several insecticides to control Japanese beetle adults on foliage of Rosa sp.
In this study, BAS 320i, Onyx and Tick-EX were sprayed to runoff while Safari 2G was broadcast on media and
watered in. Treatments were evaluated 7 and 14 days after treatment (DAT) by rating percent Japanese beetle
feeding damage on the entire plant. An overall mean percent feeding damage was calculated from seven
replicates.

Onyx and Safari treatments significantly prevented feeding damage by Japanese beetle adults (Table 8). At 7 and
14 DAT, percent control was 94-96 % from Onyx and 84-86 % from Safari. BAS 320i and Tick-EX significantly
reduced feeding damage but not at a commercially acceptable level.

No phytotoxicity was observed.

Table 8. Efficacy of BAS 320i, Onyx, Safari and Tick-EX for Japanese Beetle (Popillia japonica) on Rosa
sp., Alm, 2008.

Rate Per 100 Average Percent Leaf Damage (% Control) ?
Treatment Gal 7 DAT 14 DAT
BAS 320i (metaflumizone) 16 fl oz 33.6 b (45) 35.7 b (43)
Onyx 2EC (bifenthrin) 6.4 fl 0z 2.7 ¢ (96) 3.7¢(94)
Safari 2G (dinotefuran) 60 g/plant 8.6 ¢ (86) 10.0 ¢ (84)
Tick-EX EC? 29 fl 0z 37.9b (38) 40.0 b (36)
Nontreated 61.4 a (0) 62.9 a (0)

aMetarhizium anisopliae strain F52
z Means in the same column followed by the same letter are not significantly different, (P = 0.05, LSD test).

Braman 2006
In 2006, Braman compared seven treatments for the impact on the number of Japanese beetles on black pussy
willows and the percent defoliation. Plants were sprayed on June 13, 2006 and arranged in an area with
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historically heavy Japanese beetle populations in southeastern Spalding County, GA. Beetle density was recorded
at one week, two weeks, and one month post application (1, 2, and 4 WAT, respectively).A final damage (%
defoliation) assessment was made one month after application. All data were subjected to analysis of variance
using the GLM procedure of SAS and means were separated using LSD.

In this test, the Japanese beetle pressure was high. Within one week beetle density varied by treatment, with
Scimitar, Flagship, TriStar and Acelepryn providing significant reductions relative to the Nontreated control
(Table 9). Celero, Safari and Precise were statistically similar to the Nontreated control 1 WAT. At two weeks
post treatment all except Safari had significantly reduced beetle densities relative to the control. Defoliation was
reduced in all treatments relative to the control and was least on plants treated with Scimitar, Precise, TriStar or
Acelepryn.

Throughout the experiment, no phytotoxicity was observed. At the completion of the study, there was no
discernable difference in growth among the treatments (data not shown).

Braman 2007

In 2007, Braman compared five treatments for efficacy on Japanese beetle adults on willow. In this experiment, 5
adult beetles were caged on treated foliage using nylon screen bags; at 1 and 4 days after exposure (6 and 9 DAT),
the number of surviving beetles were counted, and at Day 4 foliar feeding was estimated as percent feeding
damage. Data were subjected to analysis of variance using the GLM procedure of SAS and mean separation is by
LSD.

Beetle survival was high for all treatments one day after caging on the willows (Table 10). After 4 days, however,
survival was significantly reduced in all but the Tick Ex cages. Fewest beetles survived in the Acelepryn
treatment. TriStar and Acelepryn provided the best reduction in damage.

Table 9. Efficacy of several insecticides for Popillia japonica on black pussy willows (Salix gracilistyla)
‘Melanostachys’, Braman, 2006.

Rate Per Mean no. Beetles per plant? del;/cl)?iilrt]ig/:] A

Treatment 100 Gal 1 WAT 2 WAT 4 WAT WAT
Acelepryn / DPX-E2Y45 10 0z 3.8 bc (83) 6.3 cd (77) 0.0 b (100) 20.5 cd
(chlorantraniliprole)
Celero 16WSG (clothianidin) 40z 15.6 ab (28) 16.1 bc (41) 0.0 b (100) 445b
Flagship 25WG

(thiamethoxam) 80z 5.9 bc (73) 12.6 bed (54) 0.0 b (100) 29.0c
Precise (acephate) 3 tsp/pot 22.4a(0) 11.5 bed (58) 0.0 b (100) 18.5 cd
Safari 20SG (dinotefuran) 8 0z 14.4 abc (34) 21.1 ab (22) 0.0 b (100) 445hb
Scimitar (lambda-

cyhalothrin) 50z 0.4 ¢ (98) 2.9d (89) 0.0 b (100) 18.5cd
Tristar 70WSP (acetamiprid) 96 ¢ 1.3 bc (94) 5.1d(81) 0.0 b (100) 145d
Nontreated 21.8a(0) 27.1a(0) 0.3a(0) 61.0a

z Means followed by the same letter are not significantly different, P> 0.05




Table 10. Efficacy of several insecticides for Popillia japonica adults feeding on willow leaves (Salix hakuro

nishiki), Braman, 2007.

Survival (5 adult beetles caged | Percent
Rate Per 100 on leaves)’ Damage
Gal Day 1 Day 4 Day 4 (9
Treatment? (6 DAT) (9 DAT) DAT)
Acelepryn / DPX-E2Y45 10 0z 4.40a 156 ¢ 1.44d
(chlorantraniliprole)
Celero 16WSG (clothianidin) 40z 4.29a 2.30 be 21.10b
Safari 20SG (dinotefuran) 8 0z 4.56 a 2.70b 17.20 bc
Tick Ex EC (Metarhizium anisopliae) 29 oz 4.86a 440a 57.50a
Tristar 70WSP (acetamiprid) 96 g 450a 2.50 be 4.90 cd
Nontreated 4.56 a 440a 56.00 a

Z Treatments were applied on July 17, 2007.

Y Means followed by the same letter are not significantly different, P> 0.05

Braman 2008

In 2008, Braman compared eight treatments for efficacy on Japanese beetle adults on rose. In this experiment, 5
adult beetles were caged on treated foliage using BugDorm insect rearing sleeves. At 7 and 19 days after

treatment and caging (7 and 19 DAT), the number of surviving beetles were counted, and at Day 19 total damage

was recorded using a rating scale from 0 to 10, with 0= no damage and 10= 100% defoliation. Data were
subjected to analysis of variance using the GLM procedure of SAS and means were separated using LSD.

Acelepryn, Aloft, BAS 320i, Onyx and Talstar provided excellent control of Japanese beetle adults, based on
number of survival at 7 and 19 DAT (Table 11). This resulted in virtually no defoliation on roses treated with
these products. Safari provided significant but less effective control. Tolfenpyrad showed essentially similar
beetle survival as the Nontreated but significantly reduced leaf feeding damage. Tick-Ex was non-effective,

showing beetle survival and feeding damage similar to the Nontreated check.

Table 11. Efficacy of several insecticides for Popillia japonica adults feeding on rose (Rosa sp.) ‘Blushing’,

Braman, 2008.

Rate Per No. feeding No. living Leaf _

100 Gal beetles beetles DamageRating?
Product 7 DAT 19 DAT 19 DAT
Acelepryn / DPX-E2Y45 10 fl oz 0.4¢ 0b 0.1c
(chlorantraniliprole)
Aloft (clothianidin+bifenthrin) 8 fl oz Oc 0b Oc
BAS 320i (metaflumizone) 16 fl oz Oc 0b Oc
Onyx (bifenthrin) 12.8fl 0z 0.2¢c 0b Oc
Safari 20SG (dinotefuran) 8 0z 0.8 bc 0.8b 1.0c
Talstar One (bifenthrin) 21.7fl oz Oc 0b Oc
Tick-Ex
(Metarrizium anisophliae) 29 02 14.ab 20a 482
Tolfenpyrad 21 fl oz 1.4 4ab 24a 36D
Nontreated 20a 2.2a 5.0a

Z Means followed by the same letter are not significantly different, P> 0.05

aRating: 1 = 10 % defoliation, 10 = 100 % defoliation.
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Davis 2009

In 2009, Davis initiated an outdoor assessment of products on the feeding of Japanese beetle adults. Container
roses were positioned next to a planting of Linden where JB adults were present in previous years. At no time
were there any differences between any of the treatments or the Nontreated check on any of the sample days while
the plants were in the field. This is primarily due to the low numbers of JB adults in the area and the number of
other suitable hosts nearby.

To enable usable data to be generated, treated leaves were placed into arenas and the amount of leaf tissue
consumed by adult JB was measured. At 3 days after the arenas were set-up, the Acelepryn, Safari drench, Safari
and Tolfenpyrad treatments were not significantly different from the Nontreated check. The number of adults left
alive in the arenas was significantly different from the Nontreated check in the BAS 320i, Flagship drench and
Scimitar treatments. The arenas were evaluated again the next day. Mortality had increased in all of the treatments.
All of the treatments except for Safari and Tolfenpyrad were significantly different from the Nontreated check
treatment. The 3 applications of BAS 320i, 3 applications of Scimitar and single drench application of Flagship
were the superior treatments. Four days after the arenas were set-up, the Nontreated check had 35% of the foliage
in the arena consumed. All of the treatments were significantly different from the Nontreated check with regards
to amount of foliage consumed. The Flagship and Scimitar treatments protected the foliage the best.
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Table 12. Efficacy of several insecticides on Japanese beetle adults feeding on rose (Rosa sp.), Davis, 2009.

Lab assay 5 o Lab assay 5 °
JB % JB %
Rate Application Type | . .. Skeletonized | . .. Skeletonized
initial,after 3 after 3 davs initial,after after 4 davs
Treatment days y 4 days Y
Acelepryn / DPX-E2Y45 10 f1 02/100 gal foliar 2.86b 9.29b 1,57 ab 9.29b
(chlorantraniliprole)
o
BAS 320i 22% liquid 16 11 02/100 gal foliar 172a 9.29b 1.00 ab 9.29b
(metaflumizone)
Fla.gsh1p WG 24 0z/100 gal - 43 oz soln/gal/media drench 157a 3.71a 1.00 ab 2.86 a
(thiamethoxam)
Safari 205G 24 02/100 gal - 4 oz soln/gal/media drench 2.86b 6.43a 2.00bc 7.86b
(dinotefuran)
Safari 2G (dinotefuran) 2.2 g/gal/media top of potting soil 3.72b 5.00 ab 3.00cd 5.71 ab
Scimitar CS 5 1 02/100 gal foliar 172 a 5.00 ab 0.86 a 5.00 ab
Tolfenpyrad 15EC & 21 1 02/100 gal & 0.25% viv foliar 4.00b 17.86¢ 3.71d 19.29¢
adjuvant (tolfenpyrad)
Nontreated 4.00 b 26.43 ¢ 3.86d 35.00d
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Reding 2006
In this experiment, 4 products (Acelepryn, Celero, Safari, and Tristar) were tested in a no choice feeding bioassay

along with a greenhouse study. Leaves were collected 7 days after application, and stems were inserted into water
soaked oasis cubes and placed into lidded containers with two Japanese beetle adults per leaf sample. Leaf area
measurements were taken after 12 days of feeding. There was no mortality during the trial. Square centimeters
consumed were compared using analysis of variance (ANOVA) with no differences found between treatments
(Table 13).

In addition to running a bioassay, insect counts and feeding damage were recorded 2 weeks after Japanese beetles
were observed feeding on test plants or 17 days after treatment (17 DAT). Insect counts did not prove to be a
good source of efficacy data due to the continual flight of adults during the counting process. Percent of leaves
damaged from feeding and leaves with more than 25% of the leaf eaten were compared using analysis of variance
(ANOVA) with no differences found between treatments (Table 13).

Throughout the experiment, no phytotoxicity was observed. All plants were marketable at the completion of the
study, and there was no discernable difference in growth among the treatments.

Table 13. Efficacy of several insecticides for Popillia japonica adults on Hibiscus (Hibiscus syriacus),
Reding, 2006.

Mean leaf area Feeding Data

Rate Per removed in - -

100 Gal Feeding % Leaves with % Leaves with >25%
Treatment Bioassay Damage Leaf Area Removed
Acelepryn / DPX-E2Y45 47.9 0z 1.91 34.7 10.4
(chlorantraniliprole)
Celero 16 WSG
(clothianidin) 4 0z 1.49 38.9 7.5
Safari 20SG (dinotefuran) 8 0z 1.24 32.9 4.6
Tristar 70WSP 96 g 1.17 34.6 5.7
(acetamiprid)
Nontreated 0.88 36.2 5.0

Reding 2007
In this experiment, four products were tested to assess efficacy: Acelepryn, BAS 320i, Celero, and TickEXx.

Feeding damage on leaves was recorded in the field 7 and 14 days after first treatment and 14 days after second
treatment for leaves. There were differences in severity of damage between treatments for leaf feeding, with BAS
320i, and Tick Ex demonstrating significantly higher damage than the Nontreated control (Table 14. Efficacy of
several insecticides for Popillia japonica adults on Hibiscus (Hibiscus syriacus), Reding, 2007. Acelepryn and
Celero 16WSG were equivalent to the Nontreated control. Flower numbers were recorded (7 and 14 days after
second treatment) rather than flower damage because when Japanese beetles feed on flowers they become so
severely damaged that they fall from the plant and cannot be accurately counted. Comparing the difference in
number of blooms was a more accurate method to evaluate efficacy. Some treatments had a larger number of
hibiscus flowers than Nontreated plants but were not statistically significant (Table 14).

No phytotoxicity was detected on any of the insecticide treated plants.
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Table 14. Efficacy of several insecticides for Popillia japonica adults on Hibiscus (Hibiscus syriacus),
Reding, 2007.

Rate Per Percent Leaves Damaged” Mean Number of
100 Gal Blossoms
Treatment? 7 DAT 14 DAT 28 DAT 21 DAT 28 DAT
Acelepryn / DPX-E2Y45 10l oz 9.7 11.8a 9.5 405 57.7
(chlorantraniliprole)
BAS 320i (metaflumizone) 450z 13.4 21.1c 16.8¢c 68.4 79.4
Celero 16 WSG (clothianidin) 4 0z 11.0 13.9ab 12.6abc 55.7 70.7
TickExEC — 29 0z 17.4 17.4bc | 14.7bc 65.8 80.6
(Metarhizium anisopliae)
Nontreated 11.7 12.5a 11.5ab 47.8 58.5

“Treatments were applied as foliar sprays on 7/10/2007 and 7/30/2007.
YMeans within columns followed by the same letter are not significantly different ANOVA (P = 0.05), means separated by
LSD (o = 0.05).

Schultz 2007

In this experiment, Schultz examined Acelepryn, BAS 320i, bifenthrin, Celero, Metarhizium anisopliae, Safari
SG, and tolfenpyrad for their ability to control Japanese beetle adults on rose. Applications were made either Jun
25 or 28 as foliar sprays or drenches (Table 15). After foliage had dried (and one week after the Safari drench), 10
Japanese beetle adults were introduced into a mesh cage on a single branch. Mortality was assessed weekly (7, 14,
and 21 DAT). After the 21 DAT counts, dead and remaining live beetles were removed, mesh bags were relocated
on the plant, and new adults introduced. Mortality of the newly introduced beetles was taken for 7 and 14 days
after introduction (28 and 35 DAT).

At 7 DAT all treatments, except Safari applied as a drench and Tick EX, had significantly higher adult mortality
for caged beetles than the Nontreated plants. At 7 DAT, Acelepryn and BAS320i had 100% mortality 7 DAT. By
14 DAT, Bifenthrin and Celero also exhibited 100% mortality. At 21 DAT, Safari and tolfenpyrad reached 100%
mortality.

There was a high background population of beetles, and observations were taken on their feeding. Throughout the
experiment roses treated with Acelepryn, bifenthrin, BAS 320i, Celero, and Safari SG sustained no damage to the
foliage regardless of adult beetle mortality. Foliage in the other treatments (Metarhizium, tolfenpyrad, and
Nontreated check) did exhibit foliar damage.

Addesso 2016

In this experiment, Addesso examined BotaniGard ES, 1KI-3106, Tristar SL, and Xpectro OD applied as foliar
sprays for their ability to control Japanese beetle adults on crape myrtle. Treatments were applied on Jul 15 and
all, except Botanigard, reapplied on Jul 29. Adult Japanese beetles were released onto plants and a PEG lure was
deployed at the center of the container pad to draw beetles into the plot from nearby fields. Beetles were free to
migrate into and out of the plot at will.

Adult live counts were too low to analyze by day and were pooled across all observations for statistical analysis.
No significant differences were observed in either live of dead beetles across treatments. Percent defoliation was
recorded at 3, 7, 14, 21 or 28 DAT. No differences in defoliation were observed due to large variation between
treatment ratings.

No phytotoxicity was observed on any of the plants in any of the treatments.

Addesso 2017

In 2017, Addesso examined BotaniGard ES, IKI-3106, Tristar SL, and VVST- 006350 applied as foliar sprays for
their ability to control Japanese beetle adults on rose. The experiment was carried out within a 4x10x8 (WxLxH)
cage with no thrips screening atop a ground cloth. IKI-3106, Tristar were applied once on Jul 12, while
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Botanigard and VST- 006350 were applied twice on Jul 12 and 19. One hundred Japanese beetle adults were
added to the cage at the beginning of the experiment and again on Day 7 after reapplication of the Botanigard and
VST treatments. The lowest amount of feeding damage was observed consistently in the low and high rates of
IK1-3106 followed by the Tristar standard (Table 17). BotaniGard and VST- 006350 did not significantly reduce
feeding damage.

Addesso 2018

In 2018, Addesso compared efficacy of several products applied as foliar sprays for their ability to control
Japanese beetle adults on two crape myrtle varieties. The experiment was carried out within two large screened
field cages, one variety in each cage, to guarantee feeding pressure on plants. Each cage received a known number
of Japanese beetle adults, as follows: DO (Jul 9) = 100, D2 = 100, D4 =50, D7 =50, D10 =75, D11 = 25. All
treatments were applied on Jul 9 (D0), and reapplied on Jul 16 for BotaniGard MAXX and V-10433. The Tristar
standard, followed by Pyridium and IKA-3106, resulted in the lowest number of live beetles and amount of
feeding damage (Table 18). Tristar and Pyridium also provided significant increase in plant growth.

Braman 2017

In 2017, Braman compared eight treatments for efficacy on Japanese beetle adults on rose. Treatments were
applied from Jul 3 to Jul 18 on a schedule shown in Table 19. Plants were placed in 2ft. x 2ft. x 2ft. mesh cages
after applications were made. Japanese beetles were counted and 10 beetles were added to each of the cages. Dead
beetles were counted and damage ratings were taken at each of the evaluation days. Ten additional beetles per
cage were added after each evaluation.

IKI-3106 at both rates and the standard treatment Marathon 11 showed excellent control and remained
significantly different from other treatments, but not from each other during each evaluation. BotaniGuard
remained significantly different from the Nontreated up until the last evaluation, whereas Expectro showed
differences after both applications. Number of dead beetles was significantly different at Days 7 and 28. Mortality
at Day 7 consistently reflects damage to foliage. By day 28, the Nontreated plants had very little foliage left to
support beetle feeding and likely contributed to beetle mortality. No phytotoxicity was observed.

Persad 2017

In 2017, Persad compared efficacy of several products applied foliar sprays for their ability to control Japanese
beetle adults on container grown Knockout rose. All treatments were applied on Jul 17 and 24, and all, except
Botanigard, reapplied on Jul 31. Talstar and 1KI-3106 provided effective control of a high adult infestation;
Xpectro and BotaniGard were less effective (Table 20).

Potter 2019

In 2019, Potter examined efficacy of several products applied foliar sprays for efficacy on Japanese beetles adults
on littleleaf linden. Treatments were applied from Jul 9 to Jul 24 on a schedule shown in less effective (Table 21.
Efficacy of several insecticides for Popillia japonica adults feeding on littleleaf linden (Tilia cordata), Potter,
2019.Table 21). Treatments were evaluated at 3, 7, 14, 21 and 28 DAT from the 9 July date. On the assay day,
undamaged linden foliage was collected from each branch and placed in individual clear 8 oz deli containers. Five
female JB were then added per dish. Dishes were held at 26° C; 14:10 light-dark cycle for 24 h; then the JB were
removed and each cohort was transferred to a separate tray that was opened in direct sunlight. This "fly-off" assay
rapidly distinguishes healthy JB, which invariably take flight, from dead or moribund individuals. Photocopies of
the leaves were scanned, with missing area determined with the software program Paint.NET v4.2.1. For a second
trial, ten female JB beetles were directly sprayed until wet and then transferred to a clean dish and provided with
Nontreated linden foliage. After 24h, beetles were subjected to fly-off assay and foliage feeding was assessed.

The results of both experiments are shown in Table 20. In the first trial, Carbaryl, IKI1-3106 (cyclaniliprole) and
BCS-507 significantly reduced both feeding and beetle survival. Acelepryn also greatly reduced beetles' feeding
on all dates. Acelepryn also caused beetle mortality, but not quite as consistently as the above mentioned
treatments. For the feeding reduction assays, the treatments Acelepryn, BCS-507, IKI-3106 and carbaryl were
consistently better than the Nontreated check. BotaniGard MAXX, VV-10433 and AzaGuard provided some
feeding reduction compared to the Nontreated control, but not consistently on all dates and not to the same level
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as the above mentioned treatments. In the second trial, Acelepryn, BCS-507, IK1-3106, and carbaryl reduced
survival by 95%. The treatments Acelepryn, BCS-507, BontiGard MAXX, IKI-3106, KOC22018-8, and carbaryl
reduced feeding by 90%.
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Table 15. Efficacy of several insecticides for Popillia japonica adults on ‘Julia Child Tm. Butter Gold’ Rose, Schultz, 2007.

Mean Number Dead Beetles per Cage (Corrected Percent Control)

Rate Per 100 Gal First Challenge (after foliar applications had dried) Second Challenge
Treatment 0 DAT 7 DAT 14 DAT 21 DAT 28 DAT 35 DAT
Acelepryn / DPX-E2Y45 Foliar—10floz | 3.6b(34%) | 10.0a(l00%) | 10.0a(100%) | 10.0a(l00%) | 83b(81%) | 10.0a(100%)
(chlorantraniliprole)
BAS 320i (metaflumizone) Foliar — 16 0z 11c(8%) | 10.0a(100%) | 10.0a(100%) | 10.0a(100%) 1.5 ¢ (6%) 10.0 a (100%)
&‘f:}‘iﬁaﬁ?ms)e Foliar — 4 oz 5.8 a (57%) 9.8 a (98%) 10.0a(100%) | 10.0a(100%) | 10.0a(100%) | 10.0a (100%)
Onyx (bifenthrin) Foliar — ** 5.6 a (55%) 6.9Db (68%) | 10.0a(l00%) | 10.0a(l00%) | 10.0a(100%) | 10.0a (100%)
Safari 20SG (dinotefuran) Drench — 24 oz ~ 1.3 ¢ (10%) 9.5 a (94%) 10.0a(100%) | 10.0a(100%) | 10.0a (100%)
;']fs'l‘o'[fﬁaif (Metarhizium Foliar—290z | 0.4c(1%) 0.5 ¢ (2%) 25 b (10%) 9.1 a (74%) 9.9 a (99%) 9.9 a (99%)
Tolfenpyrad Foliar — 14 oz 2.1 bc (19%) 7.4 b (73%) 9.6 a (95%) 10.0 a (100%) 9.0 ab (89%) 9.6 a (95%)
Nontreated 0.3 ¢ (0%) 0.3 ¢ (0%) 1.7 ¢ (0%) 6.6 b (0%) 1.0 ¢ (0%) 1.4 b (0%)

**no rate provided in report so the high label rate of 12.8 fl oz per 100 gal was assumed.

Table 16. Efficacy of several insecticides for Popillia japonica adults on ‘Pink Velour' crape myrtle (Lagerstroemia indica), Addesso, 2016.

Rate Per Number of Beetles Percent Leaf Damage

Treatment 100 Gal Live Dead Day 3 Day 7 Day 14 Day 21 Day 28
BotaniGard ES (Beauveria bassiana) 32 floz 1 5 2.82 5.68 4.01 3.28 1.23
IK1-3106 (cyclaniliprole) 22 floz 0 7 1.38 2.57 2.73 2.39 2.58
IKI1-3106 (cyclaniliprole) 27 fl oz 1 11 2.20 8.58 2.35 3.36 3.40
Tristar 8.5 SL (acetamiprid) 32 floz 0 15 1.84 3.30 1.13 0.56 1.07
Xpectro OD (Pythrerins + Beauveria 253l 0z 0 8 1.46 3.95 3.61 4.07 3.35
bassiana)

Nontreated 0 5 2.53 2.69 2.58 2.58 1.20

ns ns ns ns ns ns ns

8¢




Table 17. Efficacy of several insecticides for Popillia japonica adults on Rose (Rosa sp.) 'Louis Phillippe’, Addesso, 2017.

Rate Per Number of Beetles* Percent Leaf DamageY

Treatment 100 Gal Live Dead Day 3 Day 7 Day 14
BotaniGard ES (Beauveria bassiana) 32floz 6 ab 2a 6.4a 10.8a 11.5ab
IK1-3106 (cyclaniliprole) 22 fl oz 0b 4a 0.6b 0.3b 1.2c
IK1-3106 (cyclaniliprole) 27 fl oz Ob la 0.8b 0.9b 2.4c
Tristar 8.5 SL (acetamiprid) 32floz 1b 5a 0.8b 0.6b 5.6bc
VST-006350 + 0.1% L1700 1L/30 gal 16 a 6a 2.0b 11.5a 17.4a
Nontreated - 2b 2a 2.2b 5.1ab 13.7a

X Count data was analyzed using a generalized linear model with a log link and a negative binomial distribution.
Y Percent data was analyzed untransformed with a generalized linear model under a normal distribution (PROC Genmod, SAS Institute 2016).

Table 18. fficacy of several insecticides for Popillia japonica adults on ‘Hopi’ and ‘Pink Velour' crape myrtle (Lagerstroemia indica), Addesso,

2018.

Rate Per | Applic. Percent Damage * No. Beetles ng;\c/jes Ll:ae\\;\(/es Gprlc?vc:h
Treatment 100 Gal Dates Day 3 Day 7 Day 14 Live Dead Eaten Eaten (CSI)
Botaniguard MAXX
(pyrethrins + Beauveria 32 fl oz 719, 16 5.6 ab 13.1ab | 13.7bc 3.0ab 0la 19.1ab 52¢ 57.5 bc
bassiana strain GHA
IKI-3106 (cyclaniliprole) 22floz 7/9 0.7 bed 1.7b 10.3bc | 0.8cd 0.3a 29d 6.3 ab 40.5¢
IKI-3106 (cyclaniliprole) 27 fl oz 7/9 1.3 bcd 240 9.8 bc 09dc | 04a 7.8¢C 4.2d 87.6 abc
Pyridium (beta-cyfluthrin) 2.1floz 7/9 0.4 cd 16b 11.7bc | 0.4de 0.2a 3.3d 3.0d 113.8a
Tristar 8.5 SL (acetamiprid) | 25.3fl oz 7/9 0.3d 11b 40c 0.le 04a 2.3d 19d 128.3a
V-10433 (V-10433) 11 fl 0z 7/9,16 | 2.2bcd | 7.9ab 12.8bc | 15hc 0.2a | 11.8bc | 5.8hc 95.9 ab
V-10433 (V-10433) 22floz 7/9,16 | 56abc | 19.8a 18.8 b 46a 00a 23.9a 6.7a 55.8 b
Nontreated - - 9.0a 19.7 a 36.4a 4.4 a 0.3a 33.7a 7.2a 54.5 bc

6€

*Foliar feeding damage.

Growth measurement and percent defoliation were analyzed with a general linear model fit to a normal distribution (PROC GLM, SAS Institute). Count data including
live and dead JB and new and old leaves damaged were analyzed with a generalized linear model fit to a negative binomial distribution. Significant treatment values were

separated in pair-wise tests using least significant differences.




Table 19. Efficacy of several insecticides for Popillia japonica adults feeding on rose (Rosa sp.), Braman, 2017.
Rate Per | Applic. % Leaf Damage * | No. Dead Beetles

Product 100 Gal Dates Day 3 Day 7 Day 14 Day 21 Day 28 | Day3 | Day7 Day 14 | Day 21 | Day 28
BotaniGard BS (Beauveria | 55 o, | UN12 1 1550h | 35000 | 62.50b | 7417b | 81.67a | 2.83a | 567c | 9.00a | 850a | 6.83b
bassiana) 19

Xpectro OD (Pythrerins + | 55 g, | JUN12 | 1980y, | 55834n | 7167 | 79.50ab | 79.67a | 2664 | 6.67BC | 867a | 7.33a | 8.67ab
Beauveria bassiana) 19

IK1-3106 (cyclaniliprole) 22 fl oz Jun 12 0.33¢c 0.67 c 1.83¢c 6.33 C 10.00b | 4.00a | 9.67 BA 8.5a 7.17 a 7.33b
IK1-3106 (cyclaniliprole) 27 fl oz Jun 12 0.67c 0.33¢ 0.33¢ 417¢c 550b | 450a | 11.00A | 9.67a 7.33a | 8.83ab
Marathon Il (imidacloprid) | 1.7 fl oz Jun 12 0.50 ¢ 0.50c 1.00c 7.83¢ 7.33b | 3.33a| 10.83A | 883a 750a | 7.67ab
Nontreated - - 2750a 77.50a 95.83a 95.5a 98.00a | 266a | 6.33C 6.50 a 10.75a 9.75a

* Means followed by the same letter are not significantly different, (LSD test).

Table 20. Efficacy of several insecticides for Popillia japonica adults on ‘Radrazz' Knockout Rose (Rosa sp.), Persad, 2017.

Rate Per Percent Mortality * Percent Herbivory Percent Defoliation

100 Gal 3 7 14 43 3 7 14 43 3 7 14 43
Treatment DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT
BotaniGard ES | 32 fl oz 5lc 57¢ 66 b 74 b 27b 30h 29b 30h 33b 33b 31b 17¢
IKI-3106 22 fl oz 80a 90 a 100a | 100a | 20c 20¢c 20¢c 20c 15¢ 15¢ 15¢ 10d
IKI-3106 27 fl oz 85a Na 100a | 100a | 20c 20c 20c 20c 15¢ 15¢ 15¢ 10d
Talstar 10 fl oz 91a 9 a 100a | 100a | 18¢c 18¢ 16 ¢ 19¢ l4c¢ l4c¢ 13¢ 10d
Xpectro OD 32 floz 64 b 73b 83a 83b 16 ¢ 20c 20c 20c 27b 31b 32b 22b
Nontreated od od Oc Oc 60 a 71a 79a 85a 55a 65a 76a 80a

oy

* Means followed by the same letter are not significantly different, (Student-Newman-Keuls, P=.05)
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Table 21. Efficacy of several insecticides for Popillia japonica adults feeding on littleleaf linden (Tilia cordata), Potter, 2019.

First Experiment

Second Experiment

Rate Per | Aoplic JB adults Leaf
bpliC. No. surviving JB adults (out of 5) * Leaf Area Eaten (out of Area
100 Gal Dates
10) Eaten *
Treatment Day 3 Day 7 Day 14 Day 28 Day 3 Day 7 Day 14 | Day 28 1 DAT 1 DAT
Acelepryn 8floz | 7/9,24 | 05+0.3¢ | 1.2405b | 1.5405b | 1.8+05b | 0.3+0.1d | 0.4+0.1¢ 0'430'1 0'330'1 0.620.4 ef 0'0;‘30'0
AzaGuard 16floz | /1916 | 48s02a| 50a 50a |42+06a|95:06hc | >4FL1 | 105511 BIXLT 1 b0 67b | 2.9+0.6 d
(azadirachtin) 24 b 5 abc ab
BCS-507 160z | 7/9,24 | 05+03¢ | 05:03¢ | 05403 ¢ | 0.3203¢ | 0.4+01d | 11205 ¢ 0'450'1 0'3;3'0 0.0 f O'Ojido'o
BotaniGard 32floz | 7/9,16 | 45:02a | 50a | 47+02a|43+04a | 94820bc | 113*L1 | 76213 | 69408 |, o550t | 004
MAXX b c ab
IK1-3106 27floz | 79,24 | 02¢02¢| 00c | 07x03c | 10 | gopg1g | 03004 | 06202 | 17X09 | 4h¢ | 514014
(cyclaniliprole) bc c d d
KOC22018-8
(botanical oil 128 fl 0z ;29' 16, | 47+02a | 47¢02a | 50a |35:07a 11'1;)-”0'8 12'36—“2'5 9'8;“1'9 > | 26207 de | 142034
blend) a ¢ ¢
Sevin SL 150floz | 7/9.24 | 00¢c 0.0¢ 0.0¢ 0'56—“00'5 0.2+0.2 d 0'1ico'03 0'550'3 2'8;2'1 0.0f 0.0d
TetraCURB Conc. | 1o o | 719,16, | 4o 0o | 504 c0a | 43t04q | ILOHL3 | 141516 | 11151 | 97215 | oo o0 | oo
(rosemary oil) 24 ab ab 0ab a
TewraCURB Org | 104, | 779,16, | 491004 | 48:02a | 484024 | 45:02a | 97413 bc | 121206 | 114211 80208 | ) /0134 | gos15¢
(rosemary oil) 24 b 0ab ab
V-10433 2floz | 1916, | 40206 | o050 | 50a |43:03a| 67+18c | 132¥16 | 88208 | 10520 | 5,54y | 115215
24 ab b bc 6a b
Nontreated ; ; 33+08b | 50a |47+02a | 45+02a | 13.2+1.9a 16'8:2'0 13'22:1' 9'7§2'4 9.8+03 a 17'2:1'9

* Means followed by the same letter are not significantly different, (P > 0.05; LSD All-Pairwise Comparisons Test).
Y Leaf area eaten in cm?by 5 female JB in a 24 hour period.
Z|eaf area eaten in cm?by 5 female JB in a 24 hour period.




Table 22. Efficacy of several insecticides for Popillia japonica adults feeding on littleleaf linden (Tilia cordata), Potter, 2020.

Mean surviving JB adults (out of 5) Mean sg cm of leaf tissue eaten®

Treatment 3 DAT 7 DAT 14 DAT 28 DAT 3 DAT 7 DAT 14 DAT 28 DAT
BW238NWP 50A 50A 50A 4.8+0.2 A | 18.5+2.1 AB 14.8+3.3CD 15.5+1.4 ABCDE 14.3+1.1 AB
BW238NES 50A 48102 A | 45+0.3A | 45+0.3A | 15.7+2.6 BC | 18.3+3.5 ABCD 11.8+1.7 DEF 12.5+2.5 ABC
BW133 50A 50A 4.8+0.2 A 50A 14.442.0 BC 16.0+1.2 BCD 18.9+2.6 AB 15.1+1.7 AB
ISM-555 + Caspsil 7 day app 1.3104B | 1.2+0.8B | 1.5¢05C | 4505 A 2.8:0.5D 44+09E 5.0£0.7 GH 2.940.7 DE
ISM-555+ Caspsil 14 dayapp | 0.3+0.2C | 1.5+05B | 2.5¢0.6 B | 3.3+t0.5B 4.2+0.2D 5.0+05E 72409 FG 7.4+0.7 CD
MBI-203 SC2 50A 50A 4.8+0.2 A 50A 16.742.6 B 17.4+1.6 BCD 14.9+1.1 BCDE 12.4+1.6 ABC
MBI-306 50A 50A 47+02 A | 48+0.2 A | 18.5+1.0AB 20.2+1.3 AB 17.743.4 ABC 13.0£2.0 AB
RSTA 721 Basal Trunk Spray | 4.840.2 A | 4505 A | 4.7+0.2 A 50A 17.6+2.9 AB 19.4+1.9 ABC 13.743.3 CDE 17.4+4.4 A
RTSA 721 Soil Drench 48+0.2 A | 48+0.2A | 45£0.2 A | 47x0.2 A 22.8+2.1 A 23.1+3.4 A 20.2+2.3 A 15.4+0.7 AB
RTSA 721 Foliar Spray 0.2+0.2C | 1.3x0.98B 00D 0.7£0.3C 0.5+0.2D 0.6+0.1 E 0.5#0.1H 1.3+0.3 E
SP3014+Capsil 50A 4802 A | 47x0.2 A 50A 16.0+2.6 BC 19.6+1.9 ABC 16.9+1.1 ABCD 10.9+3.1 BC
V-10433 50A 50A 48+0.2 A | 4503 A 11.2+1.1C 13.5£0.9D 11.6+1.7 EF 12.6+2.1 ABC
Carbaryl 00C 0.0C 0.0D 0.5+0.5C 0.3+0.2D 0.1+0.03 E 0.4+0.2H 2.5+1.4 DE
Nontreated 4.8+0.2 A 50A 47+0.2 A | 4503 A | 17.5£1.9 AB 19.8+1.7 ABC 17.0+£0.9 ABC 16.7+2.0 A

3 _eaf area eaten in cm? by 5 female JB in a 24 hour period.

For statistical analysis of surviving JB adults (Fly-off assay): 3DAT — F136=191.87, p=0.00; 7 DAT — F1365=25.96, p=0.00; 14 DAT — F136=56.10, p=0.00; 28 DAT —
F1365=28.08, p=0.00. Within column, means followed by the same letter are not significantly different (P > 0.05; LSD All-Pairwise Comparisons Test). For statistical
analysis of sq cm of leaf tissue eaten: 3DAT — F1365=15.67, p=0.00; 7 DAT — F136=16.67, p=0.00; 14 DAT — F1365=12.98, p=0.00; 28 DAT — F13,5=8.27, p=0.00.
Within column, means followed by the same letter are not significantly different (P > 0.05; LSD All-Pairwise Comparisons Test).
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Addesso 2020

In 2020, Addesso assessed efficacy of several products applied as foliar sprays to manage Japanese beetle adults
on crape myrtle. Pre infestation RTSA 721 trunk sprays or drenches were applied on May 25; the other products
were applied as foliar sprays starting on June 15 with different schedules based on the protocol. Adult JB were
collected using baited traps deployed 24 hours prior to introduction to the test cages. Due to low catch numbers on
Day 0, an equal number of beetles were added to the cages each day for 4 days until 100 beetles per cage were
reached. Another 100 beetles were added to each cage immediately following the applications of the Day 7 foliar
treatments. The applications with the fewest live adults were ISM-555 and Onyx (Table 23), with BW238 ES and
RTSA 721 foliar applications were also low but not statistically different from nontreated plants. Some treatments
had higher numbers of live adults than the nontreated. Similar trends were observed with other assessments
including number of damaged leaves and percent feeding damage (data not shown). Damage on nontreated plants
was unexpectedly lower than many of the plants treated with other products, suggesting that either some aspect of
the products were attractive to the beetles or that early damage on plants with ineffective products resulted in later
aggregation of beetles on the plants resulting in higher levels of damage.

Table 23. Efficacy of several insecticides for Popillia japonica adults feeding on crapemyrtle (Lagerstroemia
sp.) ‘Hopi’, Addesso, 2020

Treatment - | Application Method and Live Adults Feeding (DAT) Total Dead
Rate Date(s) 3DAT | 7DAT | 14 DAT | Total Live Adults
BW 133 Foliar - 6/15/20; 6/24/20 3 3 5 11 abc 0
BW 238 ES Foliar - 6/15/20; 6/24/20 1 2 2 5 bcd 0
BW 238 WP | Foliar - 6/15/20; 6/24/20 0 5 7 12 abc 0
Foliar - 6/15/20 0 1 1 2 cd 1
ISM-555 Foliar - 6/15/20; 6/24120 0 0 0 0 d 1
MBI-203 Foliar - 6/15/20; 6/24/20 2 5 11 18 ab 1
MBI-306 Foliar - 6/15/20; 6/24/20 1 3 7 11 abc 0
Onyx Foliar - 6/15/20 0 0 0 0 d 0
Drench - 5/25/20 0 1 8 9 abcd 0
RTSA 721 Foliar - 6/15/20 0 2 4 6 bcd 5
Basal Trunk Spray - 5/25/20 0 1 10 11 abc 2
SP3014 Foliar - 6/15/20; 6/24/20 2 10 14 26 a 3
Foliar - 6/15/20; 6/18/20;
V-10433 6/24120: 6/27/20 1 3 10 14 ab 1
Nontreated 0 2 10 12 abc 0

Live beetle counts were pooled across dates and analyzed with a generalized linear model using a negative binomial distribution with a log
link as is appropriate for count data. Differences in the number of live beetles across treatments were observed (x%13) = 30.47, P = 0.004).
Pairwise comparisons were made using LSD (a = 0.05).

Addesso 2021

During 2021, Addesso continued efficacy assessments for Japanese beetle adults on crape myrtle. Pre infestation
RTSA 721 trunk sprays or drenches were applied on May 26; the other products were applied as foliar sprays
starting on June 16 with different schedules based on the protocol. Adult JB were collected using baited traps
deployed 24 hours prior to introduction to the test cages. Due to low feeding damage from high wind from the
cooling system, the experiment was moved to screened walk-in cages. Japanese beetle adults were introduced to
the greenhouse and walk-in cages throughout the experiment. The applications with the fewest live adults were
ISM-555 and Onyx (Table 24), with MBI-306 at 5 fl oz, RTSA 721 foliar applications, and VV-10433 were also
low but not statistically different from nontreated plants. Treatments that had the least percentage of leaves with
feeding damage by 28 DAT included Onyx, RTSA 721 foliar applications, MBI-306 high rate, and V-10433. The
RTSA 721 drench application caused yellowing of leaf margins; transient injury was observed with MBI1203 and
ISM-555. No differences were observed in canopy growth among the treatments.
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Table 24. Efficacy of several insecticides for Popillia japonica adults feeding on crapemyrtle (Lagerstroemia

sp.) ‘Hopi’, Addesso, 2020

Number of Live JB (DAT)

Treatment Total Total
Rate per 100 gal PRNumbers 3 7 (14|21 |28 Live Dead

Foliar - 06/16/21, 06/23/21 0|0]|]1]|0 2ef 11d
ISM555 5.76 fl oz -

Foliar - 06/16/21, 06/23/21, 06/30/21 0| 2]|11]0 4def 24bcd
MBI306 5 fl 0z Foliar - 06/16/21, 06/23/21 0| 1]3]2 9bcdef 7d
MBI306 2.5 fl oz Foliar - 06/16/21, 06/23/21 0 | 0| 6|0 |30]| 36abc 13cd
MBI1203 128 fl oz Foliar - 06/16/21, 06/23/21 0| 1|4|3]|73 8la 17bcd
OnyxPro 7.2 fl oz Foliar - 06/16/21, 06/30/21 0ojJo0|0|O0|O of 13cd
RTSAT721 100 ml/1 gal Trunk - 05/26/21 1 |2 |5 | 3| 7 |18abcde| 94a
RTSA721 10 ml + 120 ml
water / inch caliper @ 1 Drench - 05/26/21 0 2 | 6| 3 |48 59 36abc
inch height
RTSA721 650 ml Foliar - 05/26/21 4 7 | 1lbcdef | 17bcd
SP3014 26 fl oz Foliar - 06/16/21, 06/23/21, 06/30/21 3 46 | 49ab 21bcd
SP3014 13 fl 0z Foliar - 06/16/21, 06/23/21, 06/30/21 4 52 | 58ab 14bcd

Foliar - 06/16/21, 06/19/21, 06/23/21,
V-10433 13 fl oz 06/26/21., 06/30/21 110|311 6cdef 11d
Nontreated a 0 | 0 |11| 5 | 5 | 2labcd | 46ab

Live beetle counts were pooled across dates and analyzed with a generalized linear model using a negative binomial distribution with a log
link as is appropriate for count data. Differences in the number of live beetles across treatments were observed (x%13) = 30.47, P = 0.004).
Pairwise comparisons were made using LSD (a = 0.05).

Potter 2021

During 2021, Potter implemented two experiments studying new insecticides for impact on Japanese Beetle adults
on linden trees. In the first experiment, RTSA-721 was applied as foliar spray, trunk injection or soil injection
(drench) and compared to the consumer formulation of Sevin containing zeta-cypermethrin. Trunk and soil
injections were applied May 7, 2021, while foliar applications were applied on July 5, 2021; evaluations started
July 5. The second experiment contained foliar applications only of seven different insecticides which were
applied on July 5, the same date as evaluations began. For both experiments, adult beetles were live trapped and
starved for 24 hours before being placed into containers with leaves from treated plants. After 24 hours of
exposure, beetles were transfer to separate containers and their ability to fly was assessed to indicate health.
Leaves were scanned electronically and feeding damage (missing area) was determined. In the first experiment,
the RTSA 721 foliar application and Sevin (zeta-cypermethrin) reduced the number of viable adult beetles and
feeding damage, while the trunk and soil injections of RTSA-721 were not effective. In the second experiment,
zeta-cypermethrin generally reduced adult viability and feeding damage. ISM-555 did not reduce the number of
viable beetles based on flight assessments but feeding damage was reduce in comparison to the nontreated
controls. Acelepryn reduced viability on some dates, but feeding damage was greatly reduced through 14DAT.
MBI-306 at 5 fl oz significantly reduced adult viability, but there was no impact on feeding. MBI1-203, SP3014,
and V-10433 did not impact adult viability or feeding in this experiment.
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Table 25. Efficacy of several insecticides for Popillia japonica adults feeding on Linden (Tilia cordata), Potter, 2021a

Treatment Mean (£SE) number of viable beetles (out of 5)* Mean (+ SE) cm? of leaf tissue eaten?

Rate per 100 gal ODAT | 3DAT | 7DAT | 14DAT | 28DAT | 0DAT | 3DAT 7 DAT 14 DAT | 28 DAT
RSTA 721 Basal Trunk Injection* 50A 50A 50A 50A 46 A 31L.7A 40.3 A 22.2B 31.3A 178 A
RTSA 721 Soil Injection* 40A 48 A 48 A 48 A 50A 2712 A 33.3B 309 A 326 A 203 A
RTSA 721 Foliar Spray 1.8B 0.2B 0.8B 1.0B 0.8 B 11.2 BC 0.7C 19C 16C 1.4B
Zeta-cypermethrin (Sevin®) 0.0C 0.2B 3.8A 0.6B 0.2B 6.0C 04cC 0.8C 0.2C 0.2B
Untreated 42A 50A 50A 48A 48 A 244AB | 30.8B 24.2 AB 23.2B 182 A

Table 26. Efficacy of several insecticides for Popillia japonica adults feeding on Linden (Tilia cordata), Potter, 2021b

Treatment Mean (+SE) number of viable beetles (out of 5)? Mean (+ SE) cm? of leaf tissue eaten?

Rate per 100 gal ODAT | 3DAT | 7DAT | 14DAT | 28DAT | ODAT | 3DAT | 7DAT | 14DAT | 28DAT
ISM-555 +Capsil@0.05% 5.76 fl | 4 s ap | 50A | 48A | 50A 50A | 132BC |131CD| 95BC | 133CD | 57D
0z applied weekly

ISM-555 +Capsil@0.05% 5.76 fl | 4 s ap | 50A | 50A | 48A 48 A 74C | 82DE | 50CD 12.8D 6.8D
oz applied biweekly

MBI-203 SC2 128 fl 0z 38BC | 46A | 50A | 44A 46A | 148B | 228B | 139AB | 195BCD | 203 AB
MBI-306 5 fl 0z 28CD | 38B | 30B | 268 34B | 250A | 203BC | 184A | 226AB | 207A
MBI-306 2.5 fl 0z 50A | 50A | 50A | 50A 48A | 224A |288AB| 174A | 243AB | 17.6 ABC
SP3014 + Capsil@0.05% 26 floz | 50A | 50A | 48A | 50A 50A | 265A |249AB| 161A | 197BC | 18.0 ABC
\V-10433 11 fl 0z 50A | 50A | 50A | 50A 50A | 215A |258AB| 183A | 214AB | 153BC
Acelepryn 6 fl oz 18DE | 32C | 48A | 48A 328 06D | 11E 05D 10E 4.7 DE
Zeta-cypermethrin (Sevin®) 4floz | 08E | 04D | 20B | 10C 0.0C 00D | O1E 01D 0.0E 01E
Untreated 50A | 50A | 48A | 40AB | 44A | 254A | 321A | 172A 275 A 138 C
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Comparative Efficacy on Viburnum Leaf Beetle (Pyrrhalta viburni)

Viburnum leaf beetle is native to Europe and Asia and was first detected in North America in 1947 in Ontario,
Canada. Since 1978 when breeding populations were discovered in the Ottawa/Hull region of Canada, viburnum
leaf beetle has slowly spread south and was found in Maine in 1994 and in New York in 1996. Currently, it has
been found as far south as Pennsylvania and Ohio. Viburnum leaf beetle feeds exclusively on viburnum species.
The most susceptible include arrowwood viburnum (V. dentatum), European cranberry bush viburnum (Viburnum
opulus), Rafinesque viburnum (V. rafinesquianum), and Sargent viburnum (V. sargentii). It will also feed on
wayfaring tree viburnum (V. lantana), nannyberry viburnum (V. lentago), blackhaw viburnum (V. prunifolium)
and several other species (http://creatures.ifas.ufl.edu/orn/beetles/viburnum_leaf beetle.htm).

In the series of experiments presented here, most tested products reduced viburnum leaf beetle populations and
feeding damage. The best consistently performing products in these three experiments were BAS 320i, Celero,
and Safari. See the individual reports below for more information.

Costa 2006

In this experiment, Costa examined 5 products for efficacy of viburnum leaf beetle larvae. Treatments were
applied on May 16 to runoff using a handheld, pump sprayer with a second TriStar treatment made on Jun 13. The
extent (percentage of affected leaves) and severity (percentage area affected on damaged leaves) of leaf feeding
by larvae were assessed at 2, 7, 14, and 28 DAT by visually inspecting each plant and rating damage on a scale
ranging from 1 —10.

By 2 DAT, no live larvae were detected outside of plants in the water control. By 14 DAT all insecticide
treatments had significantly less feeding damage than the water-treated control (Table 27, Table 28). None of the
treatments varied significantly from each other. The second application of Tristar was made according an
industry-prescribed protocol and was not necessary for larval control. All chemical insecticide treatments
provided effective control of VLB larvae.

No phytotoxicity was observed.

Costa 2007
In this experiment, Costa examined 8 products for efficacy of viburnum leaf beetle larvae. All products except
Safari 2G were applied as foliar sprays. Safari 2G was broadcast by hand around the plant base.

By 7 DAT, viburnum plants treated with Acelepryn, BAS 320i, Celero, Permethrin, Safari, and Tolfenpyrad
exhibited significantly less feeding damage than the Nontreated plants (Table 29). Throughout this experiment
Met 52 was equivalent to the Nontreated. Safari 2G did reduce feeding damage at 14 DAT. While most products
reduced severity of feeding, the extent of defoliation was only reduced by BAS 320i and Safari through 14 DAT
(Table 30). By 28 DAT, these two products plus Celero, Permethrin and Tolfenpyrad reduced defoliation.
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Table 27. Efficacy of several insecticides for Viburnum Leaf Beetle (Pyrrhalta viburni) larval management
on Arrowwood viburnum (Viburnum dentatum) — Defoliation Severity, Costa, 2006.

Rate Per 100 Defoliation Severity Rating Relative Area”
Treatment Gal 2 DAT 7 DAT 14 DATY 28 DAT
Acelepryn / DPX-E2Y45 16 l 0z 2.2 3.0 3.8 2.8
(chlorantraniliprole)
Celero 16WSG (clothianidin) 40z 2.6 3.4 3.4* 3.0*
Permethrin 2.5EC 128 fl 0z 2.4 3.0 3.8* 3.2*
Safari 20SG (dinotefuran) 8 0z 2.8 3.4 3.8* 3.4*
TriStar 70WSP (acetamiprid) + Cohere 96 g + 0.125% 2.8 3.4 4.2* 3.4*
Nontreated 2.8 5.6 6.2 7.0

“The severity of larval feeding post treatment as determined by qualitative rating of relative area affected on damaged
leaves.Scale 1-10 is for 0 to 100%(1=0, 2=1-5, 3=6-15, 4=16-30, 5=31-50, 6=51-70, 7=71-85, 8=86-95, 9=96-99, 10=100%

affected).

YAn “*’ indicates a significant difference between insecticide treatments and the water treated control (alpha = 0.05; one sided
Dunnett’s after GLM). There were no significant differences among insecticide treatments (P>0.05, GLM-ANOVA).

Table 28. Efficacy of several insecticides for Viburnum Leaf Beetle (Pyrrhalta viburni) larval management
on Arrowwood viburnum (Viburnum dentatum) — Defoliation Extent, Costa, 2006.

Rate Per 100 Defoliation Extent Rating *

Treatment Gal 2 DAT 7 DAT 14 DATY 28 DAT
Acelepryn / DPX-E2Y45 16 fl 0z 2.8 3.2 4.2% 2.6
(chlorantraniliprole)

Celero 16WSG (clothianidin) 40z 3.0 3.4 3.8* 2.8*
Permethrin 2.5EC 128 fl oz 3.0 3.8 4.4* 3.2*
Safari 20SG (dinotefuran) 8 0z 3.0 3.6 4.2* 3.2*
TriStar 70WSP (acetamiprid) + Cohere 96 g + 0.125% 3.2 3.8 5.0* 3.4*
Nontreated 3.6 4.4 6.6 7.0

“The

extent of larval feeding post treatment as determined by qualitative rating of percentage of affected leaves.Scale 1-10 is for
0 to 100%(1=0, 2=1-5, 3=6-15, 4=16-30, 5=31-50, 6=51-70, 7=71-85, 8=86-95, 9=96-99, 10=100% affected).
YAn “*’ indicates a significant difference between insecticide treatments and the water treated control (alpha = 0.05; one sided
Dunnett’s after GLM). There were no significant differences among insecticide treatments (P>0.05, GLM-ANOVA).

Table 29. Efficacy of several insecticides for Viburnum Leaf Beetle (Pyrrhalta viburni) larval management
on Arrowwood viburnum (Viburnum dentatum) — Defoliation Severity, Costa, 2007.

Rate Per 100

Defoliation Severity Rating (+SE) Relative Area*

Treatment Gal Pre-TrtY Week 1% Week 2 Week 4
(Ac(r:ﬁ:ﬁgﬁtlpaé :ﬂi?; |E)2Y45 10 fl 0z 52(0.2) | 4602)* | 46(02)* | 4.4(0.2)*
BAS 320i (metaflumizone) 16 oz 36(04) | 42(0.5* | 44(0.2* | 42(0.2)*
Celero 16WSG (clothianidin) 4 0z 4204) | 42(0.2* | 440.2* | 4.4(0.2)*
Metarhizium anisopliae (Strain F52) 29 0z 4.6 (0.2) 6.6 (0.5) 6.4 (0.5) 5.8 (0.4
Permethrin 2.5EC 128 fl oz 4.0(05) | 42(0.2* | 44(0.2* | 4.0(0.3)*
Safari 2G (dinotefuran) potzt'iﬁg/rﬁz'dia 48(06) | 55(09) | 50(04)* | 50(0.6)
Safari 20SG (dinotefuran) 8 0z 4.0 (0.0) 45 (0.3)* 4.5 (0.3)* 4.3 (0.5)*
Tolfenpyrad EC 21floz 35(0.3) | 40(0.00* | 4.3(0.3)* 4.5 (0.5)
Nontreated 4.8(0.6) | 6.2(0.0) 6.4 (0.5) 5.8 (0.5)

Z The severity of larval feeding post treatment as determined by qualitative rating of relative area affected on damaged leaves.
Scale 1-10 is for 0 to 1009%(1=0, 2=1-5, 3=6-15, 4=16-30, 5=31-50, 6=51-70, 7=71-85, 8=86-95, 9=96-99, 10=100%

affected).

Y Pre-treatment (Pre-Trt) ratings were taken the day applications were made.
X An “*’ indicates a significant difference between insecticide treatments and the water treated control (alpha = 0.05; one

sided Dunnett’s after GLM). There were no significant differences among insecticide treatments (P>0.05, GLM-ANOVA).
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Table 30. Efficacy of several insecticides for Viburnum Leaf Beetle (Pyrrhalta viburni) larval management
on Arrowwood viburnum (Viburnum dentatum) — Defoliation Extent, Costa, 2007.

“The

Rate Per 100 Defoliation Extent Rating (+SE)* extent
Treatment Gal Pre-TrtY | Week 1* Week 2 Week 4 of
@E‘;Lﬁgx:‘% iﬁ)iiié |E)2Y45 10l oz 58(0.2) | 7.0(0.6) | 66(06) | 58(06) | larval
BAS 320i (metaflumizone) 16 oz 5.0(0.6) | 4.8(0.7)* | 4.8(0.4)* | 4.2(0.4)*
Celero 16WSG (clothianidin) 40z 5.0 (0.5) 5.4 (0.7) 6.0 (0.7) 4.8 (0.6)*
Metarhizium anisopliae (Strain F52) 29 oz 5.4 (0.2) 7.2 (0.6) 7.4 (0.2) 7.2 (0.4)
Permethrin 128 fl oz 54 (05 | 52(0.7) | 56(0.7) | 4.6(0.4)*
Safari 2G (dinotefuran) potzt'iig/rﬂi'dia 55(07) | 63(14) | 60(0.9) | 58(0.8)
Safari 20SG (dinotefuran) 80z 4.8 (0.5) 5.0(0.7)* | 48(0.9)* | 43(0.8)*
Tolfenpyrad EC 21floz 4.5 (0.3) 4.5 (0.7) 5.3(0.9) 45 (0.7)*
Nontreated 6.0 (0.6) 7.4 (1.1) 7.6 (0.8) 7.0 (0.8)

feeding post treatment as determined by qualitative rating of percentage of affected leaves. Scale 1-10 is for 0 to 100%(1=0,
2=1-5, 3=6-15, 4=16-30, 5=31-50, 6=51-70, 7=71-85, 8=86-95, 9=96-99, 10=100% affected).

Y Pre-treatment (Pre-Trt) ratings were taken the day applications were made.

X An “*’ indicates a significant difference between insecticide treatments and the water treated control (alpha = 0.05; one
sided Dunnett’s after GLM). There were no significant differences among insecticide treatments (P>0.05, GLM-ANOVA).

Holmes 2007

During 2007, Holmes generated viburnum leaf beetle efficacy data for chlorantraniliprole and thia-methoxam.

Several rate range experiments were conducted with Actara (the Canadian trade name for Flagship 25WG) and
Rynoxapyr (the food use trade name for Acelepryn). The trade names within the US are used to summarize the
information and in the data tables (Table 31- Table 34).

Four experiments were conducted simultaneously; two each for each product. Prior to application, each plant was
assessed for a minimum level of hatched larvae. Crop tolerance and efficacy ratings were done at 7, 12, 35 and
61days after treatment on June 13, 2007. In the first experiment with Flagship (Table 31), all of the treatments had
significantly less foliar damage than the Nontreated check through 35 DAT. At the final rating date, Conserve-
treated plants exhibited the same amount of foliar feeding damage as the Nontreated plants, while all rates of
Flagship were significantly lower than the Nontreated but not Conserve. In other words, control was beginning to
break approximately 2 months after treatment. However in the second experiment (Table 32), Conserve and all
three rates of Flagship provided excellent control through 2 months, albeit with a slightly lower infestation
pressure.

In both experiments testing Acelepryn (Table 33 and Table 34), Acelepryn at all three tested rates provided great
efficacy, equivalent to Conserve through 2 months.

None of the treatments resulted in any phytotoxicity symptoms.

Table 31. Foliar damage due to Viburnum Leaf Beetle on Viburnum trilobum treated with thiamethoxam
(Actara 25WG) Experiment 1, Holmes, 2007 a

Rate Foliar Damage (Percent)
Treatment 7 DAT 12 DAT 35 DAT 61 DAT
Conserve 50 ml /1000L 58b 75b 50b 10.0 ab
Flagship (Actara) 25 WG 0.28 kg/ha 6.3b 6.3b 21.3a 8.0b
(thiamethoxam) 0.56 kg/ha 6.3b 55b 5.0b 55D
1.12 kg/ha 45b 50b 50b 43b
Nontreated 163 a 18.8 a 23.8a 213 a

Initial application occurred on June 13, 2007.
Means followed by same letter do not significantly differ (p = 0.05, Tukey.s HSD).
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Table 32. Foliar damage due to Viburnum Leaf Beetle on Viburnum trilobum treated with thiamethoxam
(Actara 25WG) Experiment 2, Holmes, 2007 b

Rate Foliar Damage (Percent)
Treatment 7 DAT 12 DAT 35 DAT 61 DAT
Conserve 50 ml /1000L 15b 13b 2.8b 05b
Flagship (Actara) 25 WG 0.28 kg/ha 1.0b 1.3b 20b 05hb
(thiamethoxam) 0.56 kg/ha 2.0b 15b 2.8b 05b
1.12 kg/ha 1.0hb 1.0b 2.0b 05b
Nontreated 8.8a 10.0a 125a 6.8a

Initial application occurred on June 13, 2007.
Means followed by same letter do not significantly differ (p = 0.05, Tukey’s HSD).

Table 33. Foliar damage due to Viburnum Leaf Beetle on Viburnum trilobum treated with Rynaxapyr
(DPX 2EY45 20SC) Experiment 1, Holmes, 2007 a

Rate Foliar Damage (Percent)
Treatment 8 DAT 13 DAT 36 DAT 62 DAT
Conserve 50 ml /1000L 5.8b 5.0b 5.0b 2.8b
0.28 kg/ha 70b 75b 8.8b 8.8b
éﬁﬂ)ﬁg;{:‘a{] iﬁ’iié |E)2Y45 0.56 kg/ha 53b 55D 50D 20D
1.12 kg/ha 45D 50b 50b 35b
Nontreated 21.3a 35.0a 83.8a 225a

Initial application occurred on June 13, 2007.
Means followed by same letter do not significantly differ (p = 0.05, Tukey’s HSD).

Table 34. Foliar damage due to Viburnum Leaf Beetle on Viburnum trilobum treated with Rynaxapyr
(DPX 2EY45 20SC) Experiment 2, Holmes, 2007 b

Rate Foliar Damage (Percent)
Treatment 8 DAT 13 DAT 36 DAT 62 DAT
Conserve 50 ml /1000L 15b 1.3b 15b 35b
0.28 kg/ha 1.3b 1.3b 28b 8.0b
’(A(\:ﬁ(iz)ig?tl:‘aé iﬁ)izié |5)2Y45 0.56 kg/ha 13b 15b 23D 28D
1.12 kg/ha 1.3b 1.3b 1.3b 1.8b
Nontreated 35a 8.8a 21.3a 28.8a

Initial application occurred on June 13, 2007.
Means followed by same letter do not significantly differ (p = 0.05, Tukey’s HSD).

Isaacson 2007

To generate efficacy data for chlorantraniliprole and thiamethoxam to manage viburnum leaf beetle Isaacson ran
several rate range experiments with Actara (the Canadian trade name for Flagship 25WG) and Rynoxapyr (the
food use trade name for Acelepryn). The trade names within the US are used to summarize the information and in
the data tables (

Table 35 - Table 38).

All three rates for Flagship provided good to excellent control throughout both experiments, equivalent to
Conserve SC (

Table 35 and Table 36). All three rates of Acelepryn also provided good to excellent efficacy throughout the
experiments. (Table 37 and Table 38).

No phytotoxicity was oberserved.
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Table 35 Summary of Damage ratings (0 — 10) for Viburnum opulus nanum infested with VLB, treated with thiamethoxam (Actara 25WG)
Experiment 1, Isaacson, 2007 a

Treatment Rate May 22 | May 29 Jun 5 Jun 12 Jun 20 Jun 27 July 4 July25 [ Aug15 [ Aug?29
Flagship (Actara) 25 WG 0.28 kg/ha 0.58 0.58 0.58 0.58 0.58 0.58 0.50 0.00 0.25 0.58
(thiamethoxam) 0.56 kg/ha 0.42 0.42 0.42 0.42 0.42 0.25 0.08 0.00 0.00 0.20
1.12 kg/ha 0.42 0.42 0.42 0.42 0.42 0.33 0.25 0.00 0.00 0.17
Conserve SC (spinosad) 0.75 0.75 0.75 0.75 0.75 0.75 0.33 0.00 0.00 0.33
Nontreated 0.67 2.17 2.58 2.58 2.58 2.58 2.17 1.83 2.42 3.25

Table 36 Summary of Damage ratings (0 — 10) for Viburnum opulus nanum infested with VLB, treated with thiamethoxam (Actara 25WG)
Experiment 2, Isaacson, 2007 b

Treatment Rate May 22 | May 29 Jun5 Jun 12 Jun 20 Jun 27 July 4 July 25 Aug 15 Aug 29
Flagship (Actara) 25 WG 0.28 kg/ha 0.50 0.50 0.50 0.50 0.50 0.50 0.42 0.00 0.25 0.50
(thiamethoxam) 0.56 kg/ha 0.67 0.67 0.67 0.67 0.67 0.42 0.08 0.00 0.00 0.25
1.12 kg/ha 0.67 0.67 0.67 0.67 0.67 0.50 0.08 0.00 0.00 0.17
Conserve SC (spinosad) 0.67 0.67 0.67 0.67 0.67 0.58 0.25 0.00 0.00 0.33
Nontreated 0.67 2.17 2.58 2.58 2.58 2.58 2.17 1.83 2.42 3.25

Table 37 Summary of Damage ratings (0 — 10) for Viburnum opulus nanum infested with VLB, treated with Rynaxapyr (DPX 2EY45 20SC)
Experiment 1, Isaacson, 2007 a

Treatment Rate May 22 | May 29 Jun5 Jun 12 Jun 20 Jun 27 July 4 July 25 Aug 15 Aug 29
Acelepryn / DPX-E2Y45 31.25 ml/L 0.58 0.58 0.58 0.58 0.58 0.50 0.25 0.00 0.08 0.17
(chlorantraniliprole) 62.5 ml/L 0.50 0.50 0.50 0.50 0.50 0.50 0.17 0.00 0.08 0.33
125 ml/L 0.67 0.67 0.67 0.67 0.67 0.67 0.17 0.00 0.00 0.50
Conserve SC (spinosad) 0.75 0.75 0.75 0.75 0.75 0.75 0.33 0.00 0.00 0.33
Nontreated 0.67 2.17 2.58 2.58 2.58 2.58 2.17 1.83 2.42 3.25

Table 38 Summary of Damage ratings (0 — 10) for Viburnum opulus nanum infested with VLB, treated withRynaxapyr (DPX 2EY45 20SC)
Experiment 2, Isaacson, 2007 b

Treatment Rate May 22 | May 29 Jun5 Jun 12 Jun 20 Jun 27 July 4 July 25 Aug 15 Aug 29
Acelepryn /| DPX-E2Y45 31.25 ml/L 0.75 0.75 0.75 0.75 0.75 0.50 0.17 0.00 0.00 0.25
(chlorantraniliprole) 62.5 ml/L 0.58 0.58 0.58 0.58 0.58 0.50 0.08 0.00 0.00 0.25
125 ml/L 0.50 0.50 0.50 0.50 0.50 0.42 0.08 0.00 0.00 0.17
Conserve SC (spinosad) 0.67 0.67 0.67 0.67 0.67 0.58 0.25 0.00 0.00 0.33
Nontreated 0.58 1.83 2.83 2.83 2.83 2.67 2.08 1.58 2.00 3.17
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Weston 2007

In this experiment, Weston tested seven products for their efficacy on viburnum leaf beetle infesting established
arrowwood viburnum (Viburnum dentatum) in field plots at the Bluegrass Lane Turf and Ornamentals Research
Farm in Ithaca, NY. The shrubs, which had been growing under field conditions for 7 years, were approximately
6’ tall and were naturally infested by viburnum leaf beetle in previous years. Products were applied as foliar
sprays on May 22, 2007 when viburnum leaf beetle was in its first larval instar (egg hatch had begun on May 9).
Five plants (replicates) were used for each treatment, and larval feeding damage was assessed 1 and 2 weeks after
treatment. Data were analyzed with randomized complete block ANOVA, and treatments were compared with
LSD.

The range of feeding damage was dramatic, ranging from 55% on the Nontreated control to near zero for the most
effective treatments (Table 39). Metarhizium anisopliae, a fungus effective against many immature insects, had
no effect on larvae (defoliation was virtually identical to that of the Nontreated control). The remaining products
provided good to excellent control. Most effective were Celero and Safari, which were slightly more efficacious
than Acelypryn, BAS 320i, Merit and Tolfenpyrad through 14 DAT.

[NOTE: Earlier field trials by Weston have shown that soil drenches with Merit 75 WP have resulted in nearly
complete protection from viburnum leaf beetle for several years. In the current trial, Merit was applied as a foliar
spray, like all of the other test products.]

Table 39. Efficacy of several insecticides for Viburnum Leaf Beetle (Pyrrhalta viburni) management on
Arrowwood viburnum (Viburnum dentatum), Weston, 2007.

Defoliation

Treatment Rate Per 100 Gal 1WAT 2 WAT
Acelepryn / DPX-E2Y45 10 fl 0z 33ab 43b
(chlorantraniliprole)

BAS 320i (metaflumizone) 16 oz 25b 2.2 bc
Celero (clothianidin) 4 0z 0.7b 0.7d
Merit (imidacloprid) 10 tsp 3.6 ab 3.6b
Metarhizium anisopliae (Strain F52) 29 oz 22.2 ab 50.2 a
Safari 20SG (dinotefuran) 8 0z 2.7b 1.7 cd
Tolfenpyrad EC 21 oz 4.4 ab 39D
Nontreated 244 a 554 a
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Comparative Efficacy on Red headed Flea Beetle (Systena frontalis)

Redheaded flea beetle (also called cranberry flea beetle), Systena frontalis, has become a serious pest of nursery
stock and has been considered the most damaging flea beetle in container nurseries in recent years. It has a wide
range of ornamental hosts including Itea, hydrangea, forsythia, roses, holly, azalea, hibiscus, asters,
chrysanthemum and zinnia, where the adults typically chew leaves causing small holes and skeletonized leaves.
They also feed on growing tips causing deeply notched leaves.

In the series of 11 experiments presented here, most tested products reduced redheaded flea beetle populations
and feeding damage. The best consistently performing products in these experiments were Aloft, IKI1-3106 and
Tristar. See the individual reports below for more information.

Braman 2012 and 2013

In 2012 and 2013, Braman compared several products applied foliar for ability to protect nursery grown Itea and
Hydrangea from chewing damage by red headed flea beetle. In 2012, all treatments were applied on May 11; a
second application was made for MBI-203 on May 18. Plants treated at the nursery were evaluated on-site for
foliar damage at 1, 2, 4, and 11 weeks-post application. In both years, detached leaves from treated plants were
bagged and returned to the laboratory and evaluated for beetle survival and % leaf damage (chewing injury)at
various times after treatment application in a petri dish exposure trial. Data were subjected to ANOVA using the
GLM procedure in SAS and mean separation was accomplished using the LSD procedure.

In the detached-leaf study in 2012, Aloft and Flagship consistently reduced beetle survival and reduced damage in
both Itea and hydrangea (Table 40, Table 41). In the nursery, Marathon provided the most consistent damage
reduction from 1 to 11 weeks post application on both Itea and hydrangea. At 1 week post application, Hachi-
Hachi also reduced damage on Itea; on Hydrangea, Marathon, Hachi-Hachi, Aloft and Safari provided the greatest
protection. At 11 weeks post application, all products showed a reduction in damage on ltea, with the least
damage observed on plants treated with Marathon, Aloft, Safari, Hachi-Hachi and MBI-203; on hydrangea, only
Marathon treated plants displayed less damage than the Nontreated.

In the 2013 detached leaf study, Only Aloft provided a significant reduction in beetle survival relative to the UTC
at 1 and 10 days after treatment (Table 42). Beetle survival at 21, 24 and 30 DAT did not vary significantly with
treatment. Leaf injury, however, was affected on all sample dates, suggesting antifeedant behavior in response to
residual application even when mortality was not inflicted by treatment. Damage was reduced at 1 DAT by Aloft,
Safari, GF-2860, MBI 203, Onyx and Discus. Damage was reduced at 10 DAT by Aloft, Safari- foliar and drench,
GF-2860, MBI 203, Onyx and Discus. At 21 DAT, feeding was significantly reduced by the Safari drench, GF-
2860, A20520, Aloft and Discus. Subsequent exposure by that same set of beetles resulted in continued
suppression of damage on leaves from plants treated with Safari (drench), Aloft and Discus.

Frank 2013

In 2013, Frank compared efficacy of several products applied foliar to protect nursery grownVirginia sweetspire
from chewing damage by cranberry flea beetle, Systena frontalis. All products were sprayed once on Jul 10 except
Discus which was sprayed on Jul 10 and 24, and MBI-203, sprayed on Jul 10, 17, 24 and 31. All applications
were made at least 4 hours prior to rain; however, it rained nearly every day during the experiment. Flea beetle
abundance was not a good assessment of flea beetle damage because flea beetles were jumping from plants as
observers approached plots. Thus, no significant differences were detected in number of flea beetles per plant
(Table 43); however, assessment of shot-hole leaf damage showed that all products significantly reduced feeding
injury.

Kunkel 2014

In this experiment, Kunkel compared several products (GF-2860, Hachi-Hachi, Mainspring, MBI1-203, Safari and
Scimitar) for ability to protect Virginia sweetspire (Itea virginica) sage (Salvia nemorosa), and stonecrop (Sedum
telephium) from chewing damage by red headed flea beetle (Table ). All products were applied as foliar sprays,
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except Safari applied as drench in one treatment. Treatments were applied on Jun 16, and all treatments, except
Hachi-Hachi and Safari, reapplied on Jul 7. A minimum of six (caged) or eight replicates (natural) were requested
for this trial; however, nurseries did not have enough plants of one species or cultivar available to use in the
experiments. The trial had three replicates of Salvia and two replicates of Itea and Sedum placed side-by-side in
the greenhouse. Previous work with redheaded flea beetles found all three species to be suitable hosts. Adult
feeding damage was assessed at various times after treatment.

The three different species of plants resulted in a complicated analysis because there was a three-way interaction
between products, plants, and amount of damage (Table 44). Scimitar and Safari provided the most consistent
control across the duration of the experiment. Adult S. frontalis prefer to feed on Itea and Salvia when compared
to Sedum, and they fed on either Itea or Salvia similarly most of the observation periods. Additional research is
needed to develop management tactics for both larva and adult S. frontalis.

In summary, Scimitar, Safari and most frequently the higher rate of GF-2860 significantly reduced redheaded flea
beetle feeding damage on these ornamental plants tested; Mainspring and MBI1-203 also provided some damage
reduction. Sedum frequently had significantly less damage than either Itea or Salvia. The experiment found
greater than acceptable foliage damage occur from 14 to 21 DAT after initial treatment. Although populations
were low preceding 14 DAT, this beetle exhibited the capability of increasing populations rapidly. This increase
in population could be from within the nursery crops or potentially peripheral areas since it has a wide host range
that includes many weed species. This aspect of the pest’s biology warrants further investigation.

No phytotoxicity and no significant differences in plant height and width between treatments were observed.

Cloyd 2016
In 2016, Cloyd compared efficacy of several products applied foliar to protect container grown Virginia

sweetspire from chewing damage by cranberry flea beetle. All products were sprayed on Jun 23, Jul 1, 8, 15, 22,
Aug 12 and Sep 2. By the end of the sampling season the insecticides BeetleGONE® and Hachi-Hachi® appeared
to limit the frequency of foliar damage caused by redheaded flea beetle adults when compared to the Nontreated
check: however, the insecticides Preferal®, Safari®, and TriStar® never exceeded 1 to 10% damage (Graph 45).
Redheaded flea beetle adults were observed throughout the sampling period; however, there was a noticeable peak
of activity in October. In addition, redheaded flea beetle adults were abundant in mid-to late-October with a
noticeable increase in feeding damage on the test plants. Therefore, applications of the insecticides should have
been continued into October.

Gilrein 2016

In 2016, Gilrein compared efficacy of several products applied foliar to protect container grown hydrangea from
chewing damage by redheaded flea beetle (RFB). All products were sprayed on Jul 2; BeetleGONE, and XXpire
treatments were repeated on Jul 9. Approximately ten RFB were introduced to screen cages on two terminals per
plant just prior to first treatment application. A single application of Hachi-Hachi, 1KI1-3106, XXpire, and Scimitar
provided the most effective control of adult RFB (Table 46). BeetleGONE and Preferal applications provided
very little control and efficacy of these products were not statistically different from water-treated plants. Foliar
feeding damage by RFB was significantly higher on plants treated with BeetleGONE and Preferal and not
statistically different from damage on control plants. No noticeable insecticide residue, injury or phytotoxicity on
plants was associated with any treatment.

Chong 2017
In 2017, Chong compared efficacy of several products applied foliar to protect container grown hydrangea from a

natural infestation of redheaded flea beetle. Fungicides were sprayed at various times from Jul 26 to Aug 11. No
treatments provided consistent reduction in the adult flea beetles densities throughout the study (Table 47).
Results suggested that, although some products such as Scimitar was effectively in killing adult flea beetles at the
time of the application, no treatment provided sufficient repellency or residue toxicity to reduce the numbers of
adult flea beetles on the hydrangea plants for more than 2 days after application and throughout the experiment.
As a result, the % defoliation and crop quality worsened and were not different among the insecticide-treated and
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water-treated plants. This study has illustrated the difficulty of managing the redheaded flea beetles. No product
tested in this study provide quick knockdown of the beetles and provide sufficient repellency or residual control.
No phytotoxicity was associated with any treatment.

Kunkel 2017

In 2017, Kunkel compared compared efficacy of several products applied foliar to protect container grown
forsythia from chewing damage by red headed flea beetle (RHFB). Treatments were applied as foliar sprays from
May 31 to Jun 14 on a schedule shown in Table 48 and Table 49. Product efficacy was evaluated multiple ways to
determine if products were able to manage flea beetle populations and their damage. There were significantly
more live adult beetles found on plants treated with Hachi-Hachi, IKI, and Preferal during the Jun 14 evaluation
period. Other time periods found no differences in the number of live beetles counted on plants. There was no
significant differences in the number of damaged leaves or branches with damaged leaves due to treatments
throughout the experiment; however, there was significant differences on damaged new growth. Upstar-Gold,
Preferal, BeetletGONE, VST combined with BeetletGONE, and Tristar all reduced flea beetle feeding on new
growth at some point during the experiment. Upstar-Gold provided the most consistent protection of new foliage
followed by Preferal, BeetleGONE, Tristar, and the VST combo product. Upstar-Gold, Tristar, BeetleGONE, and
the VST combination treatment with significantly lower damage ratings compared to the Nontreated control
forsythia plants. Damaged leaves removed from treated plants were brought into the lab and the amount of leaf
area damaged from flea beetle feeding was evaluated using the program Image-J. Treatments did not significantly
reduce feeding damage when foliage was evaluated in this manner. No phytotoxicity or growth reduction was
associated with any treatment.

Frank 2017

In 2017, Frank conducted laboratory assays to compare efficacy of several products applied foliar to protect
container grown hydrangea from chewing damage by adult red headed flea beetle (RHFB). Treatments were
applied on Jun 13 and 20. Beetles collected from a local nursery were placed in petri dishes with leaf disks cut
from treated plants 1, 7, and 14 days after initial treatment. Each assay lasted 5 days with percent damage and
beetle mortality measured on days 1, 3, 5. Throughout the experiment leaves treated with the standard
imidacloprid incurred the least damage from beetles. One DAT Hachi-Hachi and I1KI-3106 had similarly low
damage as imidacloprid treated leaves. Seven DAT leaves treated with imidacloprid and those treated with Hachi-
Hachi were damaged least by beetles. After one day of feeding on 14 DAT leaves those treated with imidacloprid,
preferal, or VST 06330 had the least damage (Table 50). After 3 and 5 days of feeding on these leaves there were
no significant difference among treatments. Beetle mortality was highest 1 DAT in petri dishes with leaves treated
with imidacloprid. Nearly all beetles in this treatment were dead after 5 days of exposure. Mortality was low in
other treatments. There were no significant differences in mortality after exposure to leaves 7 and 14 DAT. At the
end of the experiment, damage to 5 leaves per plant outdoors that were marked prior to insecticide applications
was low but highest on Nontreated plants and imidacloprid treated plants.

Gilrein 2018

In 2018, Gilrein compared efficacy of several products applied foliar to protect container grown hydrangea from
chewing damage by redheaded flea beetle (RFB). Treatments were applied from Jul 3 to Jul 18 on a schedule
shown in Table 51. Hachi-Hachi and Pyridium (applied once) and I1KI- 3106 and TriStar (applied twice) provided
very effective control of adult RFB. Both rates of V- 10433 provided moderate control, while Ancora provided
very little control. Foliar feeding damage by RFB correlated well with treatment efficacy. No noticeable
insecticide residue or phytotoxicity on plants was associated with any treatment.

Frank 2019

During 2019, Frank studied 9 new products for their impact on redheaded flea beetle (RFB) populations and
feeding damage on hydrangea. Foliar applications began Jul 5 and ended Jul 30. Adult beetles were counted by
visual scan for 10 seconds followed by 20 seconds of combing through foliage. Population counts on nontreated
control plants were very low. BCS-507, Hachi Hachi, Sarissa, and Tristar 8.5SL provided very effective control of
adult RFB at 3 and 7 DAIT (Table 52). At 3 DAIT, Ancora, TetraCURB Concentrate, and V-10433 statistically
reduced populations. Very little feeding injury was observed, and treatments were not statistically different from
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each other (data not shown). There was no noticeable insecticide residue or phytotoxicity associated with any
treatment and no differences in plant growth observed among treatments.

Gilrein 2019

In 2019, Gilrein compared efficacy of several products applied foliar to protect container grown panicle
hydrangea from chewing damage by redheaded flea beetle (RFB). Treatments were applied from Jul 2 to Jul 17
on a schedule shown in Table 51. BCS-507, 1KI-3106, KOC22018-8, Mainspring GNL, TetraCURB Concentrate,
V-10433, and TriStar 8.5SL provided very effective control of adult RFB for the duration of the trial (Table 53).
Foliar feeding damage by RFB generally correlated well with treatment efficacy; however, plants treated with
TetraCURB Concentrate and V-10433 had foliar damage ratings lower than but not significantly different from
control plants despite the high beetle mortality associated with those treatments over the course of the trial. There
was no noticeable insecticide residue or phytotoxicity associated with any treatment and no differences in plant
growth observed among treatments (data not presented).

Gilrein 2020

During 2020, Gilrein compared efficacy of several products applied foliar to protect container grown panicle
hydrangea from chewing damage by redheaded flea beetle (RFB). Adult beetles were introduced to tulle sleeve
cages on hydrangea terminals on July 1. Treatments were applied from July 1 to Jul 16 with some treatments
applied once or up to 5 times based on the protocol. ISM-555 and TriStar 8.5SL provided very effective, quick
acting control of adult RFB and lasted for the duration of the trial (Table 54) as assessed by adult beetle mortality
and feeding damage. By 2WAT, BW133 and BW238ES exhibited greater than 90% population reduction and
significantly less feeding damage than the water sprayed controls. MBI-203, MBI-306, and SP3014 did not lessen
populations or significantly reduce feeding damage. Minor marginal necrosis occurred 14 days after the first
application with BW133 and BW238ES.

Sadof 2021

In 2021, Sadof compared efficacy of several products applied foliar to protect container grown panicle hydrangea
from chewing damage by redheaded flea beetle. Foliar applications occurred from May 25 through July 14. Only
the ISM 555 product at 3.84 and 5.76 fl oz provided significantly lower numbers of chewed leaves over the course
of the study based on a Tukey’s HSD test (P< 0.05 and 0.001) respectively (Table 55). Sarissa, Pradia and Xxpire
provide acceptable levels of control until 28 Jun (37 Days after the first treatment) but were not statistically
different. Similar results found for the subjective damage evaluation with both rates of 1ISM-555 being < 2 (10%
damaged leaves) over the course of the study (data not shown). Numbers of beetles present on the last day of
evaluation followed the same pattern.

Gilrein 2021

In 2021, Gilrein compared efficacy of several products applied foliar to protect container grown panicle
hydrangea from chewing damage by redheaded flea beetle (RFB). Treatments were applied from June 29 to Jul 13
with some treatments applied once or up to 5 times based on the protocol. ISM-555 and TriStar 8.5SL provided
very effective control of adult RFB for the duration of the trial (Table 56) as assessed by adult beetle mortality
and feeding damage. By SWAT, SP3014 at 26 fl 0z and Velifer suppressed populations, but feeding damage was
not significantly different from the nontreated control. There was no noticeable insecticide residue or
phytotoxicity associated with any treatment.

Villanassery 2022

In 2022, Villanasseri compared efficacy of several products applied foliar to protect container grown panicle
hydrangea from chewing damage by redheaded flea beetle (RFB). All treatments, except V-10433 applied 5 times
every 3-4 days, were sprayed 3 times at an interval of 7 days starting on May 17. The incidence and severity of
RFB damage was assessed every 7 days from the first treatment application for a total of 3 times. None of the
treatments reduced the incidence and severity of RFB except for ISM-555 in a tank mix with Capsil (0.05%),
which provided some visible control after 14 days from the initial treatment at both low and high rates (3.84 and
5.76 fl oz respectively). The effect of ISM-555 was lost by day 28 after the first treatment application.
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Table 40. Detached Leaf Study for Redheaded Flea Beetle (Systena frontalis) adults feeding on Virginia

Sweetspire (Itea virginica) ‘Henry's Garnet' and Hydrangea (Hydrangea sp.) "White Diamonds', Braman,

2012.
No. of Livin % Damage

?gge gglr Beetles* ’ % Damage Itea Hydrangga
Treatment Day 1* | Day 5* Day 1* Day 5* Day 1* Day 5*
Aloft (clothianidin/bifenthrin) 14.9fl oz 0.2c 0b 04c Oc Oc Oc
Flagship 25WG (thiamethoxam) 8 fl oz 0.4 bc Ob 1.0 bc Oc Oc 10c
Hachi-Hachi (tolfenpyrad) 21 fl oz 10a 1.0a 7.0 abc 14.0 abc 9.0a 15.0 ab
Hachi-Hachi (tolfenpyrad) 32 floz 0.8 ab 0.8a 5.4 abc 4.0 bc 1.0 bc 13.0 abc
Marathon G (imidacloprid) 7 g/pot 0.8 ab 0.6 a 2.8 bc 2.0 be 1.6abc [ 7.4abc
MBI-203 DF (Chrom terium
subtsug(;):e o (cnro A0Ab4a_°1$) u 11 10a | 10a | 110a | 150ab | 5.0abc | 200a
btugee o Eﬁghggﬂ‘fﬁclt%'”m 2lb | 08ab | 08a | 30bc | 160ab | 80ab | 12.0ahc
Onyx (bifenthrin) 12.8fl oz 10a 10a 3.0bc 12.0abc | 7.0abc | 12.0 abc
Safari 20SG (dinotefuran) 80z 0.8 ab 0.6a 5.4 abc 3.0 bc 1.0 bc 15.0 abc
TriStar 30SG (acetamiprid) 8¢ 0.8 ab 0.6a 3.6 bc 5.6 bc 3.0 abc 3.4 bc
Nontreated 10a 10a 8.0 ab 23.0a 6.0 abc 18.0a
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Table 41. Damage Rating for Redheaded Flea Beetle (Systena frontalis) adults feeding on Virginia Sweetspire (Itea virginica) ‘Henry's Garnet'
and Hydrangea (Hydrangea sp.) "White Diamonds', Braman, 2012.

Rate Per Itea Hydrangea
Treatment 100 Gal 1 WAT 2 WAT 4 WAT 11 WAT 1 WAT 2 WAT 4 WAT 11 WAT
Aloft (clothianidin/bifenthrin) 14.9fl oz 5.6 a* Oa 0.4 bc 0.4 de 2.0cd 12a Ob 0.8 bc
Flagship 25WG (thiamethoxam) 8 0z 3.6 bc 0.6a 0.8 bc 12¢c 3.4 bc 0.8a 06D 0.6 bc
Hachi-Hachi (tolfenpyrad) 21 fl oz 1.0d 0.2a 0.8 bc 1.0cd 04d 0.6a 02b 16a
Hachi-Hachi (tolfenpyrad) 32 floz 3.8hc 0.2a 0.2c 1.4 bc 1.2d 1.0a 0.2b 0.8 bc
Marathon G (imidacloprid) 7 g/pot od 04a 0.7 bc 0.4 de 1.6d Oa 04b 0.2c
boge ot ;ﬁhggﬂ‘fﬁ‘ﬁ;'”m Llbper | 44ab | 06a | 10b | 20b | 44b | 16a | 06b | 08he
'S\l"JEt'S'jg:ethr ;ﬁh;gﬂf,’fi'f‘f%'”m 21b 30bc | 30a | 20a 02e | 40bc | 10a | 30a | 10ab
Onyx (bifenthrin) 12.8 fl 0z 3.4 bc 0.2a 1.0b 1.4 bc 3.6 bc 1.0a 0.2b 1.2 ab
Safari 20SG (dinotefuran) 8 0z 2.6¢C 0.2a 0.4 bc 1.0cd 0.2d 10a 0.2b 0.8 bc
TriStar 30SG (acetamiprid) 8¢ 3.2bc O0a 0.4 bc 12¢c 3.6 bc 2.8a 0b 0.6 bc
Nontreated 2.6¢C 1.0a 0.6 bc 30a 8.4a 1.0a 10b 1.2 ab

* Days post-exposure
X Means followed by the same letter are not significantly different, P = 0.05
Z Rating: 1 = 10 % defoliation, 10 = 100 % defoliation.
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Table 42. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on Virginia Sweetspire (ltea virginica),
Braman, 2013.

Rate Per No. of Beetles at Days Post Treatment * % Leaf Damage at Days Post Treatment
Treatment 100 Gal 1 10 21 24 30 1 10 21 24 30
Aloft (clothianidin/bifenthrin) 15floz | 0.2¢c 0.2b 1.0a [(07a |07a [02c 0.2c Oc 2.0cd 9.0 bc
Discus (imidacloprid + cyfluthrin) 50 oz 05bc [1.0a 0.7a [0.7a |07a |16¢ 16¢c 0.3c 0.7d 10c
Hachi-Hachi (tolfenpyrad) 32floz | 10a 1.0a 10a |10a |[1.0a |86abc |[86abc [83ab |[187abc |[43.3a

Mainspring/A20520A
(cyantraniliprole)

MBI-203 DF (Chromobacterium
subtsugae strain PRAA4-1T)

16 oz 10a 10a 1.0a |[10a [10a |120ab |[120ab |3.3bc | 16.9a-d 21.7 abc

21b 10a 10a 1.0a |[1.0a |10a [|32c 3.2¢c 11.7a | 26.7a 450a

Onyx (bifenthrin) 1.28floz |0.7ab | 0.8b 10a [10a |[10a |8.0hbc 8.0 bc 8.3ab | 183a-d | 33.3ab
Safari 20SG foliar (dinotefuran) 8 0z 0.7ab | 0.8a 10a |10a |[1.0a |0.2c 0.2¢c 9.0ab | 11.7a-d | 30.0abc
Safari 20SG drench(dinotefuran) 24 oz 0.6ab |0.6ab |[1.0a [1.0a |07a |1l2c 12¢c Oc 4.3 bed 9.3 bc
XXpire/GF-2860 40WP

(spinoteram+sulfoxaflor) + 6 0z 350z 08ab [1.0a 10a |10a |[1.0a |6.0bc 6.0 bc 3.3bc | 20.0ab 43.3a
Capsil

Nontreated 0.8ab |1.0a 10a |10a |[1.0a |[80a 15.0a 15.0a 25.0a 26.7 abc

X Means followed by the same letter are not significantly different, P= 0.05
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Table 43. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on Virginia Sweetspire (ltea virginica),
Frank, 2013.

No. of Beetles/Plant at Days Post

?ggerglr Initial Treatment X % Leaf Area Consumed at Days Post Initial Treatment
Treatment -1 7 14 33 57 -1 7 14 33 57
Bifenthrin 40 fl oz 0.5ab Ob Oa O0a 0b 135a 1750 a 7.08b 1.92 cd 1.83b
Cyantraniliprole 8floz 0.3ab 0b O0a O0a 0b 4.75a 5.33 abc 2.58b 2.00 cd 9.17 ab
Cyantraniliprole 16 fl 0z 0b 0b O0a O0a 0b 3.83a 12 abc 5.50b 8.58 a-d 2.67b
Discus (imidacloprid + cyfluthrin) 50 fl oz 0.3ab 0b 0.2a | Oa 0b 15.17a | 15.83ab 7.83b 1.67 cd 1.75b
Hachi-Hachi (tolfenpyrad) 21floz Ob Ob 0.2a | 0a | Ob 7.83a 8.50 abc 3.67b 3.67 cd 458b
Hachi-Hachi (tolfenpyrad) 32 fl oz 0b 0b O0a 0Oa | 0.2a 3.92a | 10.25abc | 3.92b 5.92bcd 7.75ab

MBI-203 DF (Chromobacterium
subtsugae strain PRAA4-1T)
otaee o Efiﬁh;gﬂcff_clt%'”m 2l | 02ab | ob | oa |0a| ob | 442a | 300bc | 300b | 042d | 258b
Safari 20SG foliar (dinotefuran) 8 floz 0Ob 0Ob O0a Oa Ob 10.92a | 6.83abc 3.50b 4.50 cd 3.58Db
Safari 20SG foliar (dinotefuran) 24 fl 0z 0.2 ab Ob Oa O0a 0b 4.33a 3.67 bc 6.25b 4.33 cd 1.67b
XXpire/GF-2860 (spinetoram + 35floz | 03ab | Ob | 0a |0a| Ob | 10.33a | 14.33abc | 050b | 1.83cd | 1.17b
sulfoxaflor)

XXpire/GF-2860 (spinetoram +
sulfoxaflor)

Nontreated 0.8a 0.7a O0a O0a 0b 7.00 a 9.42 ab 18.75 a 16.83 a 9.66 ab
* Means followed by the same letter are not significantly different, P= 0.05, Duncan's New MRT.

11lb 0.3ab Ob Oa Oa Ob 5.92a 2.17¢c 3.83b 15.25ab 1592 a

7floz 0.8a Ob Oa Oa Ob 483 a 11.17 abc 0.33b 11.17 abc 9.33 ab
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Table 44. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on Virginia Sweetspire (Itea virginica) 'Little
Henry', Sage (Salvia nemorosa) '‘Blue Hill’, and Stonecrop (Sedum telephium) 'Autumn Joy*, Kunkel, 2014.

Rate Per | Pretrt | 7DAT | 14DAT | 21DAT | 28DAT | 35DAT | 42DAT | 49DAT

Treatment 100 Gal Percent Damaged Foliage on Virginia Sweetspire
% Damaged Foliage on Viginia Sweetspire *

Rate (er | proyt | 7DAT | 14DAT | 21DAT | 28DAT 35DAT | 42DAT | 49DAT
Treatment 100 gal)
Hachi-Hachi (tolfenpyrad) 21 fl oz 13b 2.5ab 119 a-e 25.0 a-d 21.3 a-i 36.3 a-h 26.3 a-g 38.8 a-g
Hachi-Hachi (tolfenpyrad) 32 fl oz 44a 4.4 ab 10.0 b-f 21.3 a-f 15.0 c-k 25.0 c-k 21.3 a-h 38.8 a-g
Mainspring (cyantraniliprole) 8floz 1.3b 1.3 ab 10.6 a-f 23.8 a-d 36.3 a-d 36.3 a-g 30.0 a-g 475 a-d
Mainspring (cyantraniliprole) 16 fl oz 0.0b 2.5ab 6.9 b-g 15.0cg 15.0 c-k 27.5 a-k 20.0 b-h 28.8 a-i
MBI-203 DF (Chromobacterium .
subtsugae strain PRAA4-1T) 16 oz 00b 19ab 3.1fg 15.0 b-g 13.8d-k 26.3 b-k 17.5b-h 25.0 b-j
MBI-203 DF (Chromobacterium . .
subtsugae strain PRAAA-1T) 32 0z 00b 00b 5.6 b-g 15.0 b-g 12.5 f-k 31.3 a-i 20.0 b-h 21.3 b-j
Safari 20SG foliar (dinotefuran) 80z 0.0b 1.3 ab 16.3 ab 18.8 a-f 30.0 a-f 48.8 a 37.5ab 36.3 a-g
Safari 20SG drench (dinotefuran) 24 0z 0.0b 0.6 ab 8.1 b-g 18.8 a-f 33.8 a-d 46.3abc 325 a-e 48.8 ab
Scimitar (lambda-cyhalothrin) 5fl oz 06b 25ab 3.8 efgy 11.3cg 13.8 e-k 20.0 f-1 16.3 c-h 23.8 b-j
XXpire/GF-2860 (spinetoram + .
sulfoxaflor) + Capsil 2.75 0z 00b 5.0ab 8.1b-g 22.5 a-f 18.8 b-j 47.5ab 325a-e 48.8 abc
XXpire/GF-2860 (spinetoram + . . .
sulfoxaflor) + Capsil 350z 06b 1.3ab 10.0 b-f 15.0 b-g 20.0 b-j 30.0 a-i 23.8 a-h 26.3 a-j
Nontreated 13b 5.6 ab 10.6 a-f 23.8 a-e 21.3 b-j 45.0 a-d 36.3 abc 43.8 a-e

% Damaged Foliage on Sage *

Hachi-Hachi (tolfenpyrad) 21 fl oz 0.8a 5.8 ab 14.2 abc 26.7 abc 21.7 b-j 38.3 a-f 25.8 a-g 23.3 C-j
Hachi-Hachi (tolfenpyrad) 32 fl oz 21a 1.3ab 9.2 b-g 21.7 a-f 25.8 a-g 32.5a-h 28.3 a-f 30.0 a-h
Mainspring (cyantraniliprole) 8fl oz 1.7a 4.2 ab 7.1b-g 24.2a-d 23.3a-g 36.7 a-g 31.3 a-f 56.7 a
Mainspring (cyantraniliprole) 16 fl oz 0.8a 2.1ab 7.9 b-g 22.5 a-f 20.8 b-i 31.7 a-h 20.0 b-h 38.3 a-f
MBI-203 DF (Chromobacterium
subtsugae strain PRAAA-1T) 16 oz 00a 2.5ab 129 a-d 33.3ab 25.8 a-g 36.7 a-g 20.0 b-h 4.2 a-g
MBI-203 DF (Chromobacterium . .
subtsugae strain PRAA4-1T) 32 0z 04a 2.1ab 7.1b-g 12.9¢c-g 17.5d-j 25.4 e-k 15.8 e-h 26.7 c-j
Safari 20SG foliar (dinotefuran) 80z 0.4a 2.9ab 10.8 b-e 20.8 a-f 20.8 b-i 39.2 a-e 21.7b-h 22.5 d-j
Safari 20SG drench (dinotefuran) 24 0z 13a 2.1ab 4.6 efg 9.6 e-h 11.7 j-k 25.0 e-k 13.3 fgh 16.7 hij
Scimitar (lambda-cyhalothrin) 5fl oz 0.0a 2.1ab 4.2 efg 8.8 e-h 9.6 ijk 20.8 g-1 11.7 gh 18.8 g-j
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Rate Per | Pretrt | 7DAT | 14DAT | 21DAT | 28DAT | 35DAT | 42DAT | 49DAT

Treatment 100 Gal Percent Damaged Foliage on Virginia Sweetspire
XXpire/GF-2860 (spinetoram + 2750z | 17a | 88a 217a 333a 300ae | 442ad | 283af | 20170
sulfoxaflor) + Capsil
XXpire/GF-2860 (spinetoram + 3.5 07 08a | 21ab | 7.5bg 167b-f | 208b-h | 267bj | 258ag | 19.2f
sulfoxaflor) + Capsil

Nontreated 00a 7.1a 11.3 a-f 19.2 a-f 22.5b-h 36.7 a-g 20.4 b-h 23.3b-j

% Damaged Foliage on Stonecrop *

Hachi-Hachi (tolfenpyrad) 21 fl oz 19a 2.5ab 12.5 a-d 15.6 b-g 18.8 b-j 25.0d-k 25.0 a-h 30.0 a-j
Hachi-Hachi (tolfenpyrad) 32 floz 25a 3.8ab 9.4 b-g 36.3a 475a 36.3 a-g 45.0 a 21.3 ¢
Mainspring (cyantraniliprole) 8 fl oz 00a 0.6 ab 9.4 b-g 18.8 a-f 20.0 b-i 22.5¢e-l 22.5a-h 28.8 a-i
Mainspring (cyantraniliprole) 16 fl oz 19a 2.5ab 8.1 b-g 14.4 b-g 21.9 b-j 20.6 f-1 15.0d-h 27.5 a-j
MBI-203 DF (Chromobacterium . . .
subtsugae strain PRAAA-1T) 16 oz 25a 19ab 10.6 a-f 18.8 a-f 16.3 b-j 14.4 1-m 15.6 d-h 18.8 f-j
MBI-203 DF (Chromobacterium .
subtsugae strain PRAAA4-1T) 320z 0.0a 5.6 ab 15.0 abc 23.8ad 35.0 abc 18.8 g-m 18.8 b-h 25.0 a-j
Safari 20SG foliar (dinotefuran) 8 0z 0.0a 1.3ab 8.8 b-g 9.4 e-h 175 c-k 16.9 h-m 13.8 e-h 20.0 f-j
Safari 20SG drench (dinotefuran) 24 0z 0.6 a 1.9ab 4.4 d-g 6.3 gh 5.0k 8.11m 6.3 h 10.0ij
Scimitar (lambda-cyhalothrin) 5fl oz 00a 1.3ab 259 3.8h 8.1 jk 50m 6.9h 94 ]
XXpire/GF-2860 (spinetoram + i i . . i .
sulfoxaflor) + Capsil 2.75 0z 0.6a 5.0ab 9.4 b-g 13.8 ¢c-g 7.5 jk 11.3j-m 12.5e-h 13.1 hij
XXpire/GF-2860 (spinetoram + 3.5 07 0.6a | 3.1ab 7.5b-g 8.8 e-h 9.4hk | 106km | 100gh 188 ¢
sulfoxaflor) + Capsil

Nontreated 0.0a 1.3ab 13.1a-d 36.3a 38.8 ab 46.3 abc 35.0a-d 37.5a-g

X Means followed by the same letter are not significantly different, P = 0.05, Tukey's HSD.
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Graph 45. Foliar damage from Jul 1 to Oct 7 caused by Redheaded Flea Beetle (Systena frontalis) adults feeding on Virginia Sweetspire (Itea
virginica), Cloyd, 2016.

11

5
|
|
|

00% 0O1-10% M@11-20%

Frequency of Damage Caused by Adult Flea
Beetles on ftea virginica
B N W A N W

(=]}

BeetleGONE®  Hachi-Hachi® Preferal® Safari® TriStar® uTC

29



Table 46. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on "Pee Gee' Hydrangea (Hydrangea

paniculata 'Grandiflora’), Gilrein, 2016.

Rate Per 100

% Mortality *

% Foliar Damage

Treatment Gal 7/1 7/5 7/8 7/15 7/1 7/5 7/8 7/15
BeetleGONE (Bacillus thuringiensis | 16, 0 12506 | 0.74 . 625c | 1277bc | 2.08a . 60.83b | 79.16a
galleriae) + NuFilm P

Hachi-Hachi SC (tolfenpyrad) 21 fl oz 1l41a 82.28a 99.30a 99.30 a 00a 15.08 ¢ 9.00c 9.50 ¢
Hachi-Hachi SC 27 fl oz 0.69 a 81.52 ab 98.61a 98.61a 0.0a 11.16 ¢ 8.30c 8.33¢
IK1-3106 50SL (cyclaniliprole) 22.0floz 0.00a 61.51b 99.30a 99.30 a 04la 10.83 ¢ 550c 550c
IKI-3106 50SL 27.0fl oz 1l4la 79.64ab | 79.64 ab 94.63 a 0.83a 9.66 6.83¢C 6.83¢C
Preferal (Isaria fumosoroseus) 1lb 0.00 a - 457c 12.70 bc 0.50a - 76.91 a 84.33 a
Scimitar GC (lambda-cyhalothrin) 3.2floz 0.00a - 88.14 ab 97.65a 0.00 a - 12.16 ¢ 6.41c
XXpire 4OWG (2860 (spinetoram + | 55, L 6510, | 073a | 80.862ab | 80.92b | 9158a | 083a | 1833c | 13.16¢ | 5.58¢
sulfoxaflor) + Capsil

Nontreated (water) - 0.00 a 0.83¢ 152¢c 3.25¢ 0.00 a 61.66 a 78.33a 86.41a

X*Means within columns followed by the same letter are not significantly different at p=0.05, Tukey’s HSD.

Treatments applied on Jul 2; BeetleGone and Scimitar also applied on Jul 9.
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Table 47. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on Hydrangea (Hydrangea paniculata) '‘Baby

Lace’, Chong, 2017.

Rate Per 100 Applic

Treatment Gal Dates 0 DAT 2 DAT 7 DAT 14 DAT 21 DAT 28 DAT 35 DAT
Numbers of adults

BeetleGone! (Bacillus 7126, 8/2
thuringiensis galleriae) + 161b +0.1% 1’1 ’ 1.8+05a | 0.7+03a | 1.7+05a | 08%+04a | 0.7+04a | 0.3+£02a | 1.6+04a
L1700
Hachi-Hachi SC (tolfenpyrad) 27 fl oz 7/26 18+04a 02+0.1a | 21+05a 04+03a 08+03a | 0.1+0.1a | 20+£0.7a
IK1-3106 50SL 22floz | 7/26,8/11 | 20+06a | 0.1+0.1a | 22+0.6a | 1.3+05a | 1.0+04a | 01+0la | 1.2+05a
(cyclaniliprole)
Preferal (Isaria fumosoroseus) 11b 7/26 18+04a | 01+01a [11+03ab| 07+03a | 0.1+0.1a | 0.3+x0.2a | 09+0.3a
Scimitar GC (lambda- STloz+6fl | 7/26,8/2, | 13,05, | 01+01a | 1.6+03a | 13+03a | 07+02a | 0.2+0.1a | 1.1+03a
cyhalothrin)+ Capsil 0z 11
VST-006350 + LI700 3.(:)%31‘;; 7/22’18/2‘ 1.8+05a 0.7+05a | 0.7£04b 04+£02a 03+£02a | 0.2x0.1a | 1.0x04a
VST-006350 + Beetle Gone! + 3.33L+16 7126, 8/2,

L1700 b+ 0.1% 11 18+04a 08+£03a | 1.3£02a 06x02a 03+£02a | 0.2x0.1a | 1.8x05a
Nontreated (Water) - - 1.7+04a | 04+03a [1.2+04ab | 06+02a | 1.1+0.7a | 0.3+0.2a | 1.8+0.7a
Percent Defoliation

BeetleGone! (Bacillus

thuringiensis galleriae) + 161b+01% | 12682 | 178229 1 g, 13, | 96+16a | 108+16a | 2/E15 | 124208 |05, 15,

11 ab bed ab

L1700

Hachi-Hachi SC (tolfenpyrad) 27 fl oz 7/26 100+19c | 7.8+1.2a | 82+0.7a | 11.8+18a 18'9a§ 2.7 95+17b | 13.3£19a

IK1-3106 50SL 2floz | 726,811 | 22115 | 100+08 |102+07a| 124+13a | B1E25 198191 [127+17a

(cyclaniliprole) bc abc

Preferal (Isaria fumosoroseus) 1lb 7/26 11.7+14c | 94+10a | 96x11a | 122%+17a 12'0; 13 11.9a§ 16 122+15a

Scimitar GC (lambda- 5floz+6fl 7126, 8/2, 139+18 13619 116x+14

cyhalothrin)+ Capsil 0z 11 abe 106+10a|10.1+£05a| 141+15a bed ab 143x17a

VST-006350 + L1700 333L+ | 7/26,8/2, | 128219 14501104 09+08a | 119+10a | 13OEL0 | 11916 )4y 174
0.1% 11 bc cd ab

VST-006350 + Beetle Gone! + | 3.33L+ 16 7/26, 8/2,

L1700 Ib+01% 11 194+32a | 11.1+14a|11.0+06a| 170+£1.7a | 196+09a | 139+14a | 17.1+x15a

Nontreated (Water) - - 13.3bi 24 122+12a| 96+05a | 156+19a | 23.3+24a|150+14a| 16.3+10a

*Mean number of adults counted from 4 leaves pre-treatment and after the first treatment application (DAT). Means within column followed by the same letter are not significantly different

(Fisher's LSD, P=0.05).
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Table 48. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on Forsythia (Forsythia sp.), Kunkel, 2017a.

] . No. Damaged Leaves /
Rate Per 100 Gal A[?;(ES No. Live Adults / Plant Plgant

Treatment Jun?7 | Junl1l | Junl4 | Jun18 | Jun2l | Jun28 | Jun7 | Junll | Junl4
BeetleGONE (Bacillus
thuringiensis galleriae strain 16 oz 5/31,6/7,14 | 10.2 3.7 11.7 be 15 0.5 0.7 27.2 17.5 55.5
SDS-502)
Hachi-Hachi (tolfenpyrad) 27 floz 5/31 7.8 n/a 19.7 ab 1.3 2.5 0.0 17.0 n/a 61.2
IKI-3106 (cyclaniliprole) 22 fl oz 5/31, 6/14 12.5 n/a 25.2a 2.3 0.5 0.3 35.5 n/a 49.0
Preferal (Isaria fumosoroseus) 8 0z 5/31, 6/14 11.5 n/a 19.0 ab 3.5 1.2 0.3 25.0 n/a 53.8
Tristar (acetamiprid) 12 oz 5/31, 6/14 15.3 n/a 15.3 bc 2.2 1.2 1.3 19.5 n/a 49.8
Upstar-Gold (bifenthrin) 8 fl oz 5/31, 6/14 6.2 n/a 10.0c 2.2 15 1.0 15.2 n/a 58.5
VST6350 (VST6350 ) + Li-700 3.331+1%v/v | 5/31,6/7,14 | 16.5 35 16.7 abc 3.3 1.3 0.2 25.0 18.8 64.3
;/OSOT&SO +BeetleGONE +LI- | 3331 Io/ff 92% |'531,6/7,14 | 100 | 30 | 147bc | 47 0.8 02 | 248 | 132 | 495
Nontreated - - 6.2 2.8 8.0c 2.0 0.5 0.2 31.0 18.8 58.0
P-value from ANOVA ns ns 0.0254 ns ns ns ns ns ns

X Means followed by the same letter are not significantly different, P = 0.05, Fisher’s LSD.
¥ Scale of 0-2 where: 0=no feeding damage, 1=light feeding damage, 2=heavy feeding damage.
z Scale of 0-3 where: 0=no damage, 1=light damage, 2=medium damage, , 3=heavy damage.
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Table 49. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on Forsythia (Forsythia sp.), Kunkel, 2017a.

% Branches with RHFB . % Final
Rate Per Applic. Feeding Damage New Growth Damage Rating’ Damage | Overall
Treatment 100 Gal Dates Jun7 |Jun1t [Jun14 | Jun14 | Jun18 | Jun21 | Jun28 thf]ag’SeS gg:‘r?gf
BeetleGONE (Bacillus
thuringiensis galleriae strain 16 oz 5/31,6/7,14 | 75.0 90.0 98.3 13bc | 1.1bc | 09bc | 0.7cd | 55%1.1 2.0bc
SDS-502)
Hachi-Hachi (tolfenpyrad) 27 fl oz 5/31 68.3 n/a 883 | 15ab | 1.4ab |1.1abc| 1.2ab | 35+08 | 28a
IKI-3106 (cyclaniliprole) 22 fl oz 5/31, 6/14 76.7 n/a 100.0 16a l4ab [ 12abc| 08bc | 58+18 2.3ab
Preferal (Isaria fumosoroseus) 80z 5/31, 6/14 65.0 n/a 96.7 1.0cd 1.2b | 1.0bc | 0.6cd | 45%0.9 2.3ab
Tristar (acetamiprid) 12 oz 5/31, 6/14 70.0 n/a 96.7 16a 12ab | 0.8cd | 09bc | 41+0.9 15cd
Upstar-Gold (bifenthrin) 8 floz 5/31, 6/14 46.7 n/a 93.3 0.8d 0.7¢ 04d 0.3d 3.1+0.6 1.2d
3331+
VST6350 (VST6350 ) + Li-700 1% ViV 5/31, 6/7, 14 71.7 85.0 98.3 16ab 1.3ab 15a 1.3ab 49x0.8 2.7a
VSTE350 + BeetleGONE + LI- | 3331+ 16 | 501 67 14| 667 | 917 | 983 | 14ab | 12b | 08¢ | 05cd | 50408 | L5cd
700 0z + 1%
Nontreated - - 73.3 88.3 100.0 16a 16a 1.3ab 1l4a 56+15 2.7a
P-value from ANOVA ns ns ns <0.0001 | 0.0165 | 0.0008 | <0.0001 ns <0.0001

* Means followed by the same letter are not significantly different, P = 0.05, Fisher’s LSD.
¥ Scale of 0-2 where: 0=no feeding damage, 1=light feeding damage, 2=heavy feeding damage.
z Scale of 0-3 where: 0=no damage, 1=light damage, 2=medium damage, , 3=heavy damage.
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Table 50. Efficacy of several insecticides for Redheaded Flea Beetle (Systena frontalis) adults feeding on Panicle Hydrangea (Hydrangea
aniculata) ‘Vanilla Strawberry’, Frank, 2017.

Percent Leaf Damage to Leaf Disks Collected at Various Intervals After Initial

%

Rate Per Treatment * No. Dead | Damage

100 Gal 1 Day After Treatment 7 Days After Treatment 14 Days After Treatment Beetles Y on
Treatment Day* 1 Day3 | Day5 Dayl | Day3 | Day5 | Dayl | Day3 | Day5 Leaves *
BeetleGONE +
Capsil 16 Ib 175¢c 34.2b 46.7 ¢ 12.7 a 43.4a | 789ab | 18.3bc 42.4 65.7 0.50+0.22 28%+1.0
Hachi Hachi SC 27 fl oz 8.6d 203c | 282d | 84bc | 430a |638bc| 17.8bc | 291 | 391 | 017017 | 23+07
(tolfenpyrad)
R 22 fl 0z 94d | 115cd | 17.8de | 144a | 490a | 89.3a | 21.1abc| 369 | 532 | 1.67+049 | 1.2+08
(cyclaniliprole)
Marathon 1.7fl oz 5.3d 40d | 48b 76c | 253b | 503c | 148c | 372 | 588 | 483+017 | 7.2+08
(imidacloprid)
Preferal (Isaria
fumosorosea 11b 23.3ab 49.1a | 67.4ab 12.3ab | 43.1a | 76.2ab 155¢ 41.0 64.7 0.17£0.17 1.6+0.8
Apopka Strain 97)
VST 06330 + Capsil 21b 24.3a 38.4b 66.3 ab 13.3a 475a 87.8a 16.4c 39.8 59.0 0.17 £ 0.17 3.1+1.9
VST 06330 +
BeetleGONE + 2Ib+161b 18.3 hc 425ab | 54.2 bc 129a 404a | 76.7ab | 24.9ab 47.0 75.3 0.00 = 0.00 28+1.1
Cap