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PURPOSE

Potato growers in Idaho, Oregon and Washington are facing new insect pests that pose
significant management challenges. These pests, combined with historical potato insect pests,
leave pest management decision makers with a complicated set of choices. The following
document is our best set of guidelines as to how potato insect pests in Idaho, Oregon and
Washington can be cost effectively managed.

The practices outlined in this report may not be appropriate for all locations. We advise that
you modify this program according to the specific needs of your location. Consult with your
local extension or pest management specialist for more information.



A Generic Statement on Generic Insecticides

A number of insecticide groups, such as pyrethroids and neonicotinoids, are increasingly available as generic
equivalents. A generic insecticide is usually functionally identical to its brand name equivalent, but not always.
The proliferation of generic products available for use on potatoes has made it difficult to keep track of all
product names for each active ingredient. For example, there are currently 48 products containing imidacloprid
registered on potatoes by 18 different companies in the Pacific Northwest (PNW). Forty of these products are
generic products. Sometimes generic products are registered in our area but are not available. We are unable to
include the names for all generic products for the active ingredients that are included here. We use the brand
name or best known name for a product in our industry. It is up to growers, crop protection advisors and
extension specialists to identify the product that best meets identified needs.

Plant Back Restrictions

Most pesticides contain label language discussing restrictions on what crops can be planted following their
application. It can be easy to overlook these restrictions particularly when this language is situated far away on
the label from the potato section. Potato growers have been placed in difficult situations by applying an
insecticide or miticide and then realizing that they cannot plant alfalfa the same year or sweet corn the following
year. The statement “read and follow the label” is probably said too many times, but there is no substitute for
reading and following the label. Most labels change from year to year so reading the label last year may not
suffice for this year. Crop advisors, manufacturer representatives, and extension specialists can be valuable
sources of information for label changes.

Pesticide Disclaimer

Some of the pesticides discussed in this publication were tested under an experimental use permit granted by
WSDA, ODA and ISDA. Application of a pesticide to a crop or site that is not on the label is a violation of
pesticide law and may subject the applicator to civil penalties up to $7,500. In addition, such an application
may also result in illegal residues that could subject the crop to seizure or embargo action by WSDA, ODA,
ISDA and/or the U.S. Food and Drug Administration. It is your responsibility to check the label before using
the product to ensure lawful use and obtain all necessary permits in advance.

Resistance to Insecticides

Resistance arises through the over-use or misuse of an insecticide or miticide against a pest species and results
in the selection of resistant forms and their progeny that are also resistant to that insecticide or miticide. The
Insecticide Resistance Action Committee (IRAC) defines resistance to insecticides as “a heritable change in the
sensitivity of a pest population that is reflected in the repeated failure of a product to achieve the expected level
of control when used according to the label for that pest species.” For more information about IRAC visit
http://www.irac-online.org/.

Insect pests of potatoes have a long history of developing resistance to insecticides. Colorado potato beetle
(CPB), green peach aphid (GPA), potato tuberworm (PTW), potato psyllid and two spotted spider mite (TSSM)
are notorious for development of resistance to products used for their control. The two most significant insect
pests of potatoes in the world, CPB and GPA, have developed resistance to many insecticides used for their
control. Potato psyllid has developed resistance to neonicotinoid, pyrethroid, organophosate and carbamate
insecticides in Texas and California. While the PNW (along with Colorado) has escaped this problem thus far,

Page 1


http://www.irac-online.org/

the development of insecticide resistance in these pests is still an issue for which the potato industry needs to be
prepared. One exception is CPB which has developed resistance to pyrethroid insecticides in certain regions of
Idaho.

Reasons that the PNW potato industry has avoided much of the resistance problems other regions have
experienced include: 1) PNW growers rotate potato fields, 2) PNW growers practice resistance management
tactics, 3) there are a number of alternative hosts that serve as refuges for susceptible populations, and 4) the
PNW is geographically isolated from resistant insect strains.

Once an insect or mite develops resistance to an insecticide, it is possible for the resistant species to develop
cross-resistance to all insecticides that share the same mode of action. Consequently, the entire class to which
the product belongs is largely lost. Therefore, one of the most important things that potato growers can do to
avoid resistance is to rotate modes of action of insecticides. Each class of insecticides has its unique mode of
action. By alternating sequences or rotations of products from different modes of action, pest populations are
exposed to differing causes of mortality, which decreases the likelihood that a population will develop
resistance to any of those products. When rotating products with different modes of action, it is preferable to
apply products with the same mode of action back to back rather than rotating to a different mode of action after
every application. For example, apply a 1b followed by a 1b followed by a 4c followed by a 4c product as
opposed to apply 1b, then 4c, then 1b and then 4c.

In order to aid growers in figuring out how to help avoid resistance, all insecticides and miticides have been
classified into groups (from 1 to 28) according to their mode of action (MoA) and subgroups according to their
unique active ingredients. We have included the group number and subgroup number for each insecticide. For
example, neonicotinoid insecticides are in subgroup 4A; pyrethroid insecticides belong to group 3.

Potatoes have registered alternatives that are in the same group but in different subgroups. In the absence of
other alternatives, it may be possible to rotate compounds between sub-groups if it is clear that

cross resistance mechanisms do not exist in the target populations. By definition, subgroups are established to
represent distinct chemical classes with a common MoA. Since the only resistance that is known to occur in
PNW insects is Colorado potato beetle to pyrethroid insecticides in limited areas of Idaho, products from
different subgroups from the same group may be rotated. For example, neonicotinoid insecticides belong to
Group 4a and may only be rotated with the newly registered Group 4c product, Transform (sulfoxaflor) only if a
product from a different Group was applied between the Group 4 products. Fulfill (pymetrozine) is a 9b
product and can be rotated with Beleaf which is a 9¢ product. If cross resistance mechanisms develop in potato
pests targeted by Group 4 or Group 9 products, then these products could no longer be used in rotation.

Neonicotinoid Resistance Management. Resistance management is the best means to preserve the
effectiveness of potato insecticides. PNW potato growers have access to a variety of planting time
neonicotinoid products, including Admire Pro, Platinum, CruiserMaxx, Venom and Belay and a wide array of
foliar products, including Assail, Admire Pro, Leverage, Actara, Venom and Belay, that belong to the same
class of chemistry, neonicotinoids. Due to certain characteristics of this pesticide class and the propensity of
CPB and GPA to develop resistance, there exists the potential for development of resistance to the entire class if
the products are not used carefully. CPB populations in locations in the Midwest and East Coast have already
developed resistance to neonicotinoid insecticides in potatoes, potentially jeopardizing the use of this class of
insecticides. It is critical that this situation be avoided in the PNW.

A simple method exists that can help avoid the development of resistance to these valuable products. If Group
4 insecticides such as Admire Pro, Belay, Venom or Platinum are applied in-furrow or as a side dress or if
Admire Pro, Belay and CruiserMaxx are applied as a seed treatment, do not use any foliar insecticide containing
an active ingredient in the same Group 4 such as Assail, Admire Pro, Brigadier, Endigo or Actara in the same
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field in the same season. This restriction includes Leverage and other products included in the package mix
paragraph below. This will help prevent subsequent generations of the pests from being exposed to this
chemistry.

A number of products are registered that contain two active ingredients. Five products, Leverage, Endigo,
Voliam Flexi, Brigadier and Athena, are package mixes which contain a Group 4 insecticide. Other package
mixes exists that do not contain Group 4 insecticides, such as Hero. If a Group 4 insecticide has been used at
planting, do not apply a product containing two active ingredients if one contains a Group 4 insecticide.

A second resistance management tactic that can be used is to avoid treating all potato fields on one farm or in
one localized area with products containing a Group 4 insecticide. For example, a grower could forgo treatment
on one circle out of five, or if a field of early potatoes was not treated with a product from the class, then other
fields could all be treated with products of the same class at planting. A grower should not plant more than 80%
of his potato acres with a neonicotinoid at planting/cracking. This tactic should only be used in conjunction with
the former tactic and never as a substitute.
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Management of Wireworm

Wireworms (Figure 1) are the larval stage of click beetles. They tend to be most damaging in potatoes that
follow corn or small grains and on ground just entering cultivation. Those causing the most damage in irrigated
lands are the Pacific coast wireworm and the sugar beet wireworm, although less important species such as the
Columbia Basin wireworm and the western field wireworm may also be present. An invasive European
wireworm has been detected in northwestern Washington, and could become a problem. Wireworms can
cause damage to potatoes in two ways: 1) feeding upon potato seed pieces and their emerging sprouts in spring,
thus allowing infection by pathogens or 2) damaging developing tubers by directly feeding on them during the
growing season (Figure 2). The latter damage can result in downgrading or rejection of the crop.

Figure 1. Wireworms from tuber infested at harvest.

Figure 2. . Two types of damage caused by wireworms.

In Figure 2, the type on the left is more common. It occurs relatively early in the growing season, and the
wounds are healed at harvest. The type on the right is less common, but more serious because wireworms are
present in the tubers at harvest. In Idaho, most wireworm damage occurs late in the season. In Oregon, damage
occurs early in the season. In Washington damage occurs earlier and later in the season.

Wireworm larvae require 2 to 6 years to mature, overwintering at a depth of 12 to 24 or more inches in the soil,
returning near the surface in spring to resume feeding. Soil temperatures are important in wireworm
development and control. Larvae start to move upward in the spring when soil temperatures at the 12-inch
depth exceed 50°F. Later in the season when temperatures reach 80°F and above, the larvae tend to move
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deeper than 6 inches. Movement downward in preparation for overwintering begins in early autumn or as soil
temperatures at 1 foot drop below 60°F.

Wireworm presence or absence in a field should be determined before using control measures. The sequence of
crops should be considered. For example, planting a susceptible crop such as potatoes immediately after red
clover, pasture grasses or a grain crop is risky. Other than crop rotation with non-host crops, there are no
cultural and no biological control methods available for wireworm.

One recommendation to determine if a field has a wireworm infestation is to use bait stations:

1. Dig a hole about 3-4 inches deep and 9-10 inches wide at the soil surface.

2. Bury 1/2 cup of a mixture of equal parts untreated corn and wheat at the bottom of the hole. The

germinating seeds attract wireworms. Soaking the seeds in water overnight the day before will speed up

germination and should attract more wireworms.

Fill the hole and mound a "soil dome" over the covered bait.

4. Cover each mound with a black plastic, topped with a 1-yard-square sheet of clear plastic, and cover the
edges with soil to hold the plastic sheets down. The black plastic will speed germination and wireworm
movement toward the bait.

5. A few days before planting, remove the plastic and soil covering the bait and count the number of
wireworm larvae found at each station.

6. Place about a dozen bait stations per 40 acres. Your placement of the bait stations should represent
different areas of a field.

w

If you find an average of one or more wireworms per bait station, consider the use of a registered insecticide or
fumigation.

If wireworms are present in a field, chemical control is the only management option.

Telone 11 (dichloropropene), Group 11 is effective on wireworms that are present at the time of fumigation
and within the zone of fumigation. Therefore, as a guideline, it is important that Telone is applied when soll
temperature is 50 degrees or higher or if baiting/sampling indicates the presence of wireworms. For best
results, fall applications should be made prior to the movement of wireworms down the soil profile and out of
the fumigation zone.

Mocap (ethoprop, Group 1B) may be applied as a broadcast incorporation or over the row at planting. If the
product is broadcast, it is critical that it is incorporated to a depth of at least 6 inches. Applications of 1 gallon
of the 6 EC liquid formulation or 40 pounds of the 15% granular formulation are recommended. Ideally the
incorporation should be in the 6 to 12 inch depth. An in-furrow application should be made as a band that is as
wide as possible, ideally 12 inches. Applications of 2 quarts of the 6EC liquid formulation or 20 pounds of the
15% granular formulation are recommended for the band treatment. Narrow, in furrow bands are not
recommended.

Regent 4 SC (fipronil, Group 2B) is applied in-furrow at 3.2 ounces per acre. The rate changes for row
spacing over 36 inches. The product should be applied one time, in furrow in a 5 to 7 inch band. No T-banding
over the top of a closed furrow is permitted.

For some excellent information regarding wireworm biology and control refer to:
http://ir.library.oregonstate.edu/xmlui/handle/1957/20798
http://cdn.intechopen.com/pdfs-wm/28267.pdf
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Planting Time Insecticide Treatments

Based on trials conducted in Idaho, Oregon and Washington, imidacloprid-based products (Admire Pro),
thiamethoxam-based products (Platinum and Cruiser) and clothianidin-based products (Belay) provide
significantly better CPB and aphid control than alternatives. Imidacloprid, thiamethoxam and clothianidin (all
neonicotinoid insecticides) applied at planting will provide 80 to 100 days of residual control. Other soil
applied systemic insecticides such as phorate (Thimet, Phorate) do not provide reliable Colorado potato beetle
and GPA control beyond 50 days. Use of Thimet increases the likelihood that foliar application of insecticides
will be necessary. Venom is another neonicotinoid insecticide labeled for use at planting time on potatoes.
However, it is not recommended for use at planting time potatoes in the PNW due to its short period of residual
activity.

Insecticide Seed Treatments

Admire Pro (imidacloprid, Group 4A). Admire Pro is a liquid seed piece treatment offering control of all
aphid species, Colorado potato beetle, flea beetle, potato leafhopper, and psyllids with the flexibility of ultra-
low volume liquid seed-piece application. Admire Pro may reduce wireworm damage in seed-pieces. The
application rate is 0.17 — 0.35 fl. oz./cwt. of seed-pieces (Note: Based on a 2000 Ib/acre seeding rate, this rate
range is equivalent to 3.5 -7.0 fl. oz./acre). Do not apply any foliar neonicotinoid (Admire Pro, Leverage,
Brigadier, Venom, Endigo, Brigadier, Actara, Assail) following this application.

CruiserMaxx Potato (thiamethoxam, Group 4A). Cruiser is a seed-applied neonicotinoid product recently
registered for use on potatoes. Use CruiserMaxx Potato seed treatment to provide protection against injury from
aphids, Colorado potato beetles, flea beetles, and psyllids. Cruiser 5FS will also control wireworms that feed on
the seed piece. The rate range is 0.19 to 0.27 oz per 100 Ibs of seed pieces, depending on the seeding rate
(consult label). Length of control will vary depending on the rate used, soil and environmental conditions, and
insect pressure. Use approved application equipment (Spudgun or Milestone barrel treater). It is important to
note that the application rate will vary by the number of sacks planted per acre with a maximum use rate of
0.125 Ib ai/A. This Cruiser Maxx Potato formulation is a combination of Cruiser 5FS and Maxim 4FS
fungicide. Do not apply any foliar neonicotinoid (Admire Pro, Leverage, Venom, Endigo, Brigadier, Actara,
Assail) following this application.

Cruiser Maxx Potato Extreme (thiamethoxam, Group 4A) is the same product as CruiserMaxx but includes
difenconozole for increased control of Fusarium. It is used identically to CruiserMaxx except it is applied at a
higher rate of 0.31 0z/100 pounds of seed. This product was developed for the Northeastern potato market
where Fusarium has developed resistance to existing fungicides. It will be commercially available in the Pacific
Northwest but offers identical insect control as to CruiserMaxx. Do not apply any foliar neonicotinoid (Admire
Pro, Leverage, Venom, Endigo, Brigadier, Actara, Assail) following this application.

Insecticide In-Furrow Treatments

Platinum 75SG (thiamethoxam, Group 4A). Platinum is a soil-applied insecticide providing long residual
control in potatoes. Apply Platinum at 1.66 to 2.67 0z/A in-furrow at planting in a 6-8 inch band with
sufficient water for good coverage for the control of aphids, Colorado potato beetle, potato leafhoppers, flea
beetles, and potato psyllid. Do not apply if any neonicotinoid (Group 4A: CruiserMaxx, Belay or Admire Pro)
has been applied as a seed treatment. Do not apply foliar neonicotinoids (Admire Pro, Leverage, Endigo,
Brigadier or Actara) following this application. Alternatively, Platinum may be applied POST plant, pre-
emergence as a broadcast application at 1.66 to 2.67 0z/A and watered in with 0.10 -0.25 inches of water. All
precautions listed above must be followed.
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Admire Pro (imidacloprid, Group 4A). Admire Pro is a soil-applied insecticide providing long residual
control of insect pests of potatoes. Admire Pro will control Colorado potato beetles, aphids, wireworms (seed
piece only), and psyllids. Dosage rates are 5.7 to 8.7 fl 0z/A applied as an in-furrow spray at seeding or as a side
dress to both sides of the hill after planting (treated areas of both hillsides should be covered with approximately
3 inches of soil). Do not apply if any neonicotinoid (Group 4A: CruiserMaxx, Belay or Admire Pro) has been
applied as a seed treatment. Do not apply foliar neonicotinoids (Admire Pro, Leverage, Brigadier, Endigo or
Actara) following this application.

Belay 16 WSG (clothiniadin, Group 4A). Apply Belay at 12 to 18 ounces in-furrow or at soil cracking. Use
10 gallon of water per acre. Belay has an REI of 12 hours. Water immediately after application when applied
at soil cracking. Belay has no crop rotation restrictions. Do not apply if any neonicotinoid (Group 4A:
CruiserMaxx, Belay or Admire Pro) has been applied as a seed treatment. Do not apply foliar neonicotinoids
(Admire Pro, Leverage, Brigadier, Endigo or Actara) following this application.
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Colorado Potato Beetle

Colorado potato beetle (CPB) feeds exclusively on solanaceous crops and weeds, and can be a significant pest
of potatoes. Adult beetles have characteristic yellow and black stripes across the back; females deposit eggs in
clusters on the leaves. The eggs are orange and each mass will contain between 20-45 eggs. CPB larvae early
instars have black legs and two rows of black spots on the sides of their body. Pupae are located in the soil.
Larvae and adults are ferocious feeders. The behavior of adults varies greatly based on photoperiod (day
length), crop fed upon, and temperature.

Cultural Control

Crop rotations: Crop rotations help in delaying or reducing CPB pressure. Adult beetles spend the winter
buried 4 to10 inches in the soil and emerge in the spring just as the first volunteer potatoes appear. Recently
emerged beetles either mate close to the overwintering sites or fly to new potato fields to find a mate.
Colonizing females need to feed before starting to lay eggs. Therefore, rotating crops and planting the new
potato fields as far as possible from fields that were planted to potato the previous year will reduce the number
of immigrant beetles moving into the new field. Although cereal crops favor wireworm populations as
mentioned before, planting cereal grains after potatoes aids in reducing CPB migrations from overwintering
sites to new fields.

Control of volunteers and weeds: Because overwintering adults need to feed before walking or flying into
new fields, controlling volunteer potatoes and weeds such as nightshades is important, as they are an early food
source for these emerging adults. This tactic does not provide complete control, but may reduce or delay
population growth.

Chemical Control

The use of systemic insecticides in early potatoes, presented in the previous
section for aphid control, will also contribute to the control of early-season
CPB populations. Do not use disruptive foliar products, such as pyrethroid
insecticides, for control of CPB after June 15. Pyrethroid insecticides (Group
3 products) kill beneficial organisms and may flare aphids and mites. Foliar
applied products available for CPB control include Assail, Success,
Blackhawk Radiant, abamectin, Imidan, Admire Pro, Leverage, Endigo,
Rimon, Coragen and Actara.

Figure 3. Colorado potato beetle
adults.
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Fiaure 4. CPB small larvae.

Success SC (spinosad, Group 5). For
light larval populations, apply 3 to 4
fluid oz/acre of Success per acre by air,
ground or chemigation. Time
applications to target egg hatch or young
larvae. For heavy larval populations,
apply 5 to 6 fluid oz/acre. Applications
by chemigation at either rate should be
made with 0.25 acre inches of water or
less. If the plant is actively growing,
applying 3 or 4 fluid oz/acre in sequence
may be more effective than applying 6
fluid oz singularly. Acidic (< 6 pH)
spray solutions may shorten the residual
activity of Success and should be
avoided. The pH of spray solution
should be checked prior to adding
Success into the tank and adjusted, if
necessary. Acidifying products such as

boron should be avoided. In addition, prior to adding Success to a tank it is recommended to conduct a

compatibility test.

The Success label states that this product should not be applied against two successive generations of Colorado
potato beetle. Two applications against the same generation is considered acceptable.

Blackhawk (spinosad, Group 5). Apply 1.7 to 3.3 oz of Blackhawk per acre to potatoes for control of
Colorado potato beetle. Begin at first signs of infestations. Follow resistance management recommendations on

the product label.

Figure 5. CPB larvae and foliar damage.
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Radiant SC (spinetoram, Group 5).
Apply 6 to 8 fluid oz of Radiant per acre
by air, ground or chemigation. Time
applications to target egg hatch or young
larvae. For heavy larval populations,
repeat applications may be necessary but
follow resistance management guidelines.
Applications by chemigation at either rate
should be made with 0.25 acre inches of
water or less. Acidic (< 6 pH) spray
solutions should be avoided. The pH of
spray solution should be checked prior to
adding Radiant into the tank and adjusted,
if necessary. Acidifying products such as
boron should be avoided. In addition,
prior to adding Radiant to a tank it is
recommended to conduct a compatibility
test.



Abamectin 0.15EC (abamectin Group 6). Apply 1.75 to 3.5 fl oz with 5 gallons of water per acre by air or 20
gallons by ground. Avoid the use of abamectin with any product containing sticker/binder-type adjuvants (e.g.
Bravo Weather Stik, Bravo Ultrex or Dithane Rainshield). The addition of a nonionic surfactant or
organosilicone-based surfactant, at the manufacturer's recommended rate is suggested for optimum control.

Imidan 70W (phosmet, Group 1B). Apply 1.33 pounds of product per acre by air or ground. Imidan is very
sensitive to chemical hydrolysis in the presence of alkaline or neutral pH. Half-life for technical phosmet is
only 33 minutes at pH 8.3, and 10 hours at pH 7, but increases steeply to approximately 4 to 13 days,
respectively, between pH of 5.5 to 4.5. For optimum stability and residual, adjust tank mixture pH to between
3.5 and 5.0 using a suitable buffer that will maintain proper pH entirely through the course of application. Test
kits for checking water pH are available from Gowan Company. For optimum control, apply early when CPB
population is primarily in larval stage. If a second application is needed, apply no sooner than a 10-day
schedule. Use adequate volume for good coverage; 5 gallons per acre by air; 20-40 gallons per acre by ground.

Actara (thiamethoxam, Group 4A). Apply 1.5 oz/acre by either ground or by air. A total of 6.0 0z may be
applied per season. Apply Actara in a minimum of 10 gallons of water when application by ground and a
minimum of 5 gallons when applying by air. When applying Actara by ground or air use an oil blend adjuvant.
For chemigation, use from 0.10-0.25 inches of water. Avoid the use of Actara with any product containing
sticker/binder-type adjuvants (e.g. Bravo Weather Stik, Bravo Ultrex or Dithane Rainshield. Examples of
appropriate adjuvants include crop oil concentrates (COC) (e.g. Herbimax), methylated seed oils (MSO) (e.g.
Dynamic), ethylated seed oils (ESO) (e.g. Hasten) and organosilicone (OS) blends (e.g. Aerodynamic). Do not
apply this product if the field has been treated this year with Admire Pro, Belay, Cruiser or Platinum.

Pyrethroid Warning. Do not use disruptive foliar products, such as pyrethroid insecticides, for insect control
between June 15 and two weeks before harvest. Pyrethroid insecticides (Group 3 products) kill beneficial
organisms and may flare aphids and mites.

Leverage 360 (imidacloprid and cyfluthrin, Group 4A and 3). Leverage may be applied by aerial, ground or
chemigation equipment at 3.0-3.75 fl 0z/A. Use the 3.0 fl oz rate for ground applications only. Aerial
applications should be made in a minimum of 5 gallons per acre with 10 gallons per acre recommended. The
addition of a silicone or MSO type surfactant may aid in control. Do not apply Leverage if the field has been
treated this year with Admire Pro, Belay, Cruiser or Platinum.

Brigadier (imidacloprid and bifenthrin, Group 4A and 3). Brigadier may be applied by ground, air or
chemigation at 3.9 to 6.14 fl oz/A. There is a 21-day PHI, applications should not be made closer than 7 days
apart and there is a season maximum limit of 25.6 fl 0z/A. Do not apply Brigadier if the field has been treated
this year with Admire Pro, Belay, Cruiser or Platinum.

Hero (zeta-cypermethrin, bifenthrin, Group 3). Apply at 4 to 10.3 oz per acre. Applications must be at least
21 days apart, do not apply more than 46.35 ounces of product per acre per season. There is a seasonal limit of
two foliar applications per year. Apply by ground or air only, no chemigation application.

Voliam Xpress (lambda-cyhalothrin, chlorantraniliprole, Group 3, Group 28). Apply at 6.0 to 9.0 fluid oz
per acre for control of CPB by ground air or chemigation. When applying by chemigation, apply in 0.1 to 0.2
acre inches of water per acre. Do not exceed a total of 27 ounces of product per season per acre. Minimum
time between application intervals is 7 days. There is a preharvest interval of 14 days. Do not apply this
product if the field has been treated this year with any neonicotinoid (Admire Pro, Belay, Cruiser or Platinum.)

Endigo (thiamethoxam, lambda-cyhalothrin, Group 4a, Group 3). Apply at 3.5 to 4.5 fluid oz per acre by
ground, air or by chemigation. Do not apply more than 10 ounces per season per acre. There is a minimum
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interval between applications of 7 days. Do not harvest the field for 14 days after application. Do not apply this
product if the field has been treated this year with any neonicotinoid (Admire Pro, Belay, Cruiser or Platinum).

Rimon 0.83 EC (novaluron, Group 15). Rimon may be applied by air, chemigation or ground equipment at 9
to 12 fl oz/A. Applications should be made when the majority of CPB larvae are between egg hatch and second
instar. Rimon is an insect growth regulator type insecticide which must be ingested by larvae or applied either
over or under eggs to act as an ovicide, therefore, reapplication at 7 to 14 days is needed to protect new plant
tissue during periods of active foliar growth. The product must be ingested to affect larval CPB. It will not
control adult beetles. Do not make more than two applications per season. Do not apply to two successive
generations in the same growing season. Use a minimum of 5 gallons per acre when applying by air; apply a
minimum of 10 gallons per acre when applying by ground. Rimon has a 12 hour restricted entry interval and a
14 day pre harvest interval. Do not apply more than 24 oz per acre per season.

Assail 70WP (acetamidiprid, Group 4A). Apply 0.6 to 1.7 oz/acre by ground, air or chemigation for Colorado
potato beetle control. Use the higher rate under conditions of heavy pest pressure, dense foliage and/or
application by chemigation. Apply before larvae cause defoliation damage that would result in economic loss.
A total of 6.8 0z may be applied per season. Do not make more than 4 applications per season and do not apply
more than once every 7 days. Do not apply less than 7 days prior to harvest (7 day PHI). Complete plant
coverage, including the lower portion of the plant if pests are present in that area, is necessary for best results.
Apply Assail in a minimum of 20 gallons of water by ground, 5 gallons by air and a maximum of 0.2 inch/acre
by chemigation. When applying Assail by ground or air, use a crop oil adjuvant such as crop oil concentrates
(COC), methylated seed oils (MSO), ethylated seed oil (ESO), or use an organo-silicone crop oil blend
adjuvant. Do not irrigate within 12 hours of an Assail application. There are no rotational crop plant back
restrictions for Assail. Do not apply this product if the field has been treated this year with any neonicotinoid
(Admire Pro, Belay, Cruiser or Platinum).

Coragen (rynaxypyr, Group 28). Apply 3.5 to 5.0 oz of product per acre. Do not apply more than four
applications and 15.4 fluid oz per season. Do not apply more than twice to a generation of Colorado potato
beetle or within a 30 day period. If applied to one generation of beetle, do not apply Coragen to the subsequent
generations. Coragen may be applied by air, ground or chemigation. If applying by chemigation, refer to
specific instructions on the label in a section outside of the potato section. The preharvest interval is 14 days.
The restricted entry interval is 4 hours.

Voliam Flexi (thiamethoxam, chlorantraniliprole, Group 4a, Group 28). Apply at 4 fluid oz per acre by
ground, air or chemigation. Do not apply more than 8 ounces total per season per acre. There is a minimum
interval between applications of 7 days. Do not harvest the field for 14 days after application. Do not apply
this product if the field has been treated this year with any neonicotinoid (Admire Pro, Belay, Cruiser or
Platinum.)

Torac (tolfenpyrad, Group 21a). Apply at 14 to 21 fluid oz per acre by ground, air or chemigation. When
applying by ground use at least 20 gallons of water per acre, when applying by air use at least 5 gallons of water
and when applying by chemigation refer to the specific label language. Do not apply more than 2 applications
per cropping season. Torac has a 14 day pre harvest interval and a 14 day retreatment interval. A total of 42
fluid oz can be applied during a single cropping season.
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Aphids

Aphids may transmit virus disease and, when abundant, reduce yield. If wingless aphids are found on potato,
they almost certainly will be either green peach aphid or potato aphid, both of which can transmit potato leaf
roll virus (PLRV). Potato aphid is generally more common in the spring and fall, while green peach aphid peaks
during July and early August.

Aphids on potato are a serious pest mainly because of their ability to transmit several plant viruses. The most
important virus disease during the twentieth century, PLRV, causes a tuber symptom in some varieties called
net necrosis. This internal discoloration is not acceptable in the marketplace, and its prevention accounts for
most aphid control efforts. PLRV is transmitted in a persistent manner, which means that once an aphid is
infected by the virus, it can transmit to uninfected plants for the rest of its life. Relatively few aphid species can
transmit this virus to potatoes, and green peach aphid is by far the most important vector. The low tolerance in
the marketplace for net necrosis, and the high vectoring capacity of green peach aphid, means there is a very
low treatment threshold for this pest in most potato fields destined for storage and processing. PLRV has
become very uncommon in the 21% century, probably due to effective prevention in the seed potato industry.

Potato virus Y (PVY) is increasingly serious in potato production in the PNW, surpassing PLRV in importance.
New strains of PVY that can cause internal brown lesions in tubers of some cultivars are becoming common.
This sort of damage is unacceptable in the marketplace. PVY is transmitted by many different aphid species in a
non-persistent manner. This means that almost any aphid that happens to alight, even for a moment, on a potato
plant could be transmitting the virus. PVY is transmitted very quickly — in a far shorter time than most
insecticides can act to prevent aphid feeding. This, and the fact that most PVY transmission is by aphids that are
not living in the potato field, means that PVY control with insecticides is poor at best.

Desiccation of Early Season Potatoes for Control of Aphids

Desiccation of early season potatoes can influence the formation and emigration of winged aphids. Use of acid
desiccation is the recommended practice to reduce the likelihood of infesting other potato fields with aphid
survivors from early season potatoes. Chemical desiccants, such as Reglone or Rely, can also be used to
decrease the likelihood of aphids moving to other fields. Desiccation by removal of irrigation results in slow
dehydration of potatoes, which triggers wing
formation in aphids and stimulus for flights.
Desiccation of potatoes by ending irrigation should
only be used as a last resort. If water management
is used to desiccate the crop, it is critical that an
effective aphicide such as Fulfill or Beleaf be used.

Figure 6. Green peach aphids on potato leaf.
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e Use only clean seed tubers with low or
no virus content based on winter tests.

e |f potato growers do not use a systemic
insecticide at planting, it is even more
important that foliar aphid insecticides be used
later in the season if PLRV prevention is the
goal.

e Fields should be scouted at 3 to 4 day
intervals before aphid flights begin (early
May); a minimum of ten locations per 100
acre field should be checked. For potatoes
that are not to be stored application of foliar
aphid insecticides should begin when 5 aphids
per 100 leaves or 5 aphids/plant are detected.
Use a beat sheet or a bucket to count aphids.
Figure 7. Potato aphid on potato stem. This aphid can be red or green. Place either device underneath plants and
shake plants vigorously. Aphids will fall.

e Control volunteer potatoes and potatoes growing in cull piles.

e Based on trials conducted in Idaho, Oregon and Washington, imidacloprid-based products (Admire Pro),
thiamethoxam-based products (Platinum and Cruiser) and clothainidin-based product (Belay) provide
significantly better aphid control than alternatives. Imidacloprid, thiamethoxam and chlothianidin
applied at planting will provide 80 to 100 days of residual control. Phorate (Thimet, Phorate) do not
provide reliable green peach aphid (GPA) control beyond 50 days. Use of Thimet will increase the
likelihood that foliar application of insecticides mid to late season will be necessary. Use of phorate in a
full season potato production system is of minimal value for pest management.

e In years with high numbers of winged GPA, a management program that uses only foliar insecticides
applied in response to scouting is insufficient to prevent potato leaf roll virus (PLRV) transmission in
late season Russet Burbank potatoes. This is because the high number of aphids can transmit PLRV
before 100% of aphids are killed.

e Following a soil or seed treatment applied insecticide a “no gap” program is required to reduce the
extent of transmission of PLRV from infected plants to non-infected plants within a field. It is possible
that even with a “no gap” intensive GPA control program some level of transmission from virus bearing
aphids migrating into a field from early season potatoes or weedy hosts may occur. A no gap program
includes use of a long-term residual insecticide applied at time of planting, application of an effective
foliar aphid insecticide prior to the “break” and then sequential applications of foliar aphid insecticides
at intervals no longer than their period of residual control.

e Research in Idaho indicates that hairy nightshade is an excellent aphid and virus host. The mere
presence of this weed increases the amount of PLRV and PVY in the crop. Therefore, control of this
weed is highly recommended. Other solanaceous weeds should also be controlled.

It was previously thought that the primary means by which GPA survives the winter is in the egg stage on peach
trees. We now know that if they are not subjected to temperatures cold enough to kill them, they can also
overwinter on various perennial, biennial, and winter annual weeds, such as tumble mustard, flixweed,
shepherd’s-purse, chickweed, mallow, horseweed, pennycress and redstem filaree. While it is not entirely
possible or practical to control aphids originating from these weeds, it is important to understand that early
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sources of aphid outbreaks can occur throughout most, if not all of the PNW potato growing regions as these
weeds dry out.
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S.1. Rondon Historical population dynamic of aphids in the lower Columbia Basin, 1977-2014

Cultural Control

Reducing overwintering GPA populations on the primary host. In some Idaho areas, the number of GPA
present in the spring to infest crops depends upon winter survival. The common means of overwintering in
most parts of Idaho is on the winter host in the egg stage. Peach trees are the most common winter hosts,
although apricots and other species of Prunus are sometimes infested. Fields near commercial peach orchards
or urban areas with backyard and abandoned peach trees, usually have higher populations than those in isolated
areas. Therefore, removing and replacing peach and apricot trees and spraying insecticides on commercial
peach orchards are effective ways to prevent aphid buildup in Idaho.

Eliminating GPA populations on bedding plants. Bedding plants in home gardens are a good source of
aphids -- fields close to towns are often the ones with the most GPA problems. Significant numbers of winged
aphids can be produced in home gardens. Aphids moving directly from home gardens to potato plantings often
transport viruses since home garden potato plants can have a high rate of disease infection. Effective programs
to control GPA on the winter host and on bedding plants will greatly reduce the need for applications of
insecticides to potato crops.

Eliminating secondary hosts. Early aphid infestations commonly occur on a number of weeds including
species of mustards, nightshade and ground cherries. Winged forms produced on these weeds later infest crop
plants, including potatoes, and high numbers may appear during a short period when one or more species of
weeds dry up or mature. Research from Idaho has shown that hairy nightshade is an excellent aphid host and
also harbors potato viruses; GPA reproduce up to 50% better on the weed than on potatoes. Green peach aphids
and other species of colonizing and non-colonizing aphids can transmit potato viruses (PLRV and PVY) from
hairy nightshade to potatoes at higher rates than from potatoes to potatoes. Therefore, nightshades should be
kept well in check, especially in seed-growing areas where disease prevention is essential.
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Chemical Control

Application of aphid insecticides should begin just prior to the time or expected time in decline in performance
(“break™) of the soil or seed treatment insecticides applied at planting or layby, OR as soon as non-winged
aphids are detected, OR if significant aphid flights have been forecast for your area. To ensure prevention of
PLRV transmission there should be no gaps in aphid protection of potatoes, regardless of the insecticide used,
or whether applied in furrow, to the seed piece or to the foliage. Complete insect control from planting until
aphid flights have ceased is the only means to manage PLRV in full season potatoes. Any gap in coverage may
result in substantial virus transmission. It is important to remember that even with complete insecticidal
coverage of a potato field some transmission of PLRV from winged aphids landing on potatoes is possible. In
most years for most fields, applications of aphid insecticides should be completed by Labor Day. However,
treatment may be warranted beyond Labor Day if there is significant late season rise in aphid numbers in areas
where potatoes are still green, still actively growing and bulking. Though yields are not likely to be impacted,
late season virus transmission by aphids can increase the risk of PLRV net necrosis in stored tubers.

Foliar insecticides suggested for use in suppressing aphids in late-season potatoes include the following:

Dimethoate (Group 1B). The 4E formulation may be used at 0.5 to 1.0 pints per acre. It may be applied by
ground, air or chemigation. (There are no data showing efficacy by chemigation.) Dimethoate has a short
period of residual activity. Use of the higher rate is recommended. Efficacy may be marginal against higher
populations of aphids. It has a 2 day post-harvest interval, a 48 hour reentry interval and a 7 day retreatment
interval. A total of 2 pints may be applied per season.

Belay 50 WDG (clothianidin Group 4A). Apply Belay at the full label rate of 1 to 1.5 0z. Belay can be
applied by ground only in 10 to 20 gallons per acre. The product has a 14 day PHI, a 12 REIl and a 14 day
application interval. There is a season limitation of 3 applications. Belay has no crop rotation restrictions. Do
not apply this product if the field has been treated this year with any neonicotinoid (Admire Pro, Belay, Cruiser
or Platinum.)

Assail 70WP (acetamidiprid, Group 4A). Apply 1.0 to 1.7 oz/acre by ground, air or chemigation for aphid
control in full season potatoes. Use the higher rate under conditions of heavy pest pressure, dense foliage
and/or application by air or chemigation. Apply Assail when aphids are first detected. Repeat applications at 7-
10 day intervals may be required if aphid pressure continues. A total of 6.8 0z may be applied per season. Do
not make more than 4 applications per season and do not apply more than once every 7 days. Do not apply less
than 7 days prior to harvest (7 day PHI). Complete plant coverage, including the lower portion of the plant if
pests are present in that area, is necessary for best results. Chemigation may provide the best coverage when the
canopy is dense and closed. Apply Assail in a minimum of 20 gallons of water by ground, 5 gallons by air and
a maximum of 0.2 inch/acre by chemigation. When applying Assail by ground or air use a crop oil adjuvant
such as crop oil concentrates (COC), methylated seed oils (MSQO) or ethylated seed oil (ESO), or use an
organosilicone crop oil blend adjuvant. Avoid the use of Assail with any product containing sticker/binder-type
adjuvants when aphid and leafhopper are the target pests. Do not irrigate within 12 hours of an Assail
application. There are no rotational crop plant back restrictions for Assail. Do not apply this product if the field
has been treated this year with Admire Pro, Belay, Cruiser or Platinum.

Actara (thiamethoxam Group 4A). Apply 3.0 oz/acre by either ground or by air (24C registration). This
product should be applied just prior to the “break” in control of the soil applied insecticide or at the very first
detection of wingless aphids in the field (see GPA action threshold at the end of this section). A total of 6.0
ounces may be applied per season. Apply Actara in a minimum of 10 gallons of water when application by
ground and a minimum of 5 gallon when applying by air. When applying Actara by ground or air use an oil
blend adjuvant. For chemigation, use 0.10-0.25 inches of water. Avoid the use of Actara with any product
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containing sticker/binder-type adjuvants (e.g. Bravo Weather Stik, Bravo Ultrex or Dithane Rainshield.
Examples of appropriate adjuvants include crop oil concentrates (COC) (e.g. Herbimax), methylated seed oils
(MSO) (e.g. Dynamic), ethylated seed oils (ESO) (e.g. Hasten) and organosilicone (OS) blends (e.g.
Aerodynamic). Do not apply this product if the field has been treated this year with Admire Pro, Belay,
Cruiser, CruiserMaxx or Platinum.

Transform WG (sulfoxaflor, Group 4C). Apply at 0.75 to 1.5 fluid oz per acre by ground, air or chemigation
for aphid control.. Use the higher rate under conditions of heavy pest pressure, dense foliage and or application
by air or chemigation. Transform has a preharvest interval of 7 days and a 14 day interval between applications
and a seasonal crop limit of four applications per season. Do not make more than two consecutive applications
and do not apply more than 8.5 fluid oz total per cropping season. If a 4A (neonicotinoid) or 4D insecticide
(Sivanto) has been previously applied apply an insecticide with a different mode of action (different group
number) prior to use of Transform. This product does not have a full set of Maximum Residue Limits (MRLS).
Use this product with caution if your potatoes have the potential for export. See the section on MRLs at the end
of this report for specific MRLSs for this product by country.

Sivanto 200SL (flupyradifurone, Group 4D). Apply at 7.0 to 10.5 fluid oz per acre by ground or by air for
aphid control. Use the higher rate under conditions of heavy pest pressure, dense foliage and or by air.
Transform has a preharvest interval of 7 days and a 7 day interval between applications and a seasonal crop
limit of 28 fluid oz per acre. Do not make more than two consecutive applications. If a 4A (neonicotinoid) or
a 4C (Transform) insecticide has been previously applied, apply an insecticide with a different mode of action
(different group number) prior to the use of Sivanto. This product does not have a full set of Maximum Residue
Limits (MRLs). Use this product with caution if your potatoes have the potential for export. See the section on
MRLs at the end of this report for specific MRLs for this product by country.

Fulfill (pymetrozine Group 9B). Apply Fulfill at the label rates of 2.75 to 5.5 0z./A 0z per acre using a
penetrating surfactant. Use the higher rate with heavier aphid populations. This product should be applied just
prior to the “break” in control of soil applied insecticide or at the very first detection of wingless aphids in the
field (see GPA action threshold at the end of this section.) A minimum of five gallons of water should be used
when applying Fulfill by air. Fulfill can be applied via irrigation systems. The Fulfill label permits a maximum
of only two applications. When applying Fulfill by ground or air use an oil blend adjuvant. Always use a
penetrating adjuvant when used with other products that contain sticker/binder-type adjuvants (e.g. Bravo
Weather Stik, Bravo Ultrex or Dithane Rainshield. Examples of appropriate adjuvants include crop oil
concentrates (COC) (e.g. Herbimax), methylated seed oils (MSO) (e.g. Dynamic), ethylated seed oils (ESO)
(e.g. Hasten) and organosilicone (OS) blends (e.g. Aerodynamic). Note, there is no quick knock down of aphid
populations with Fulfill; the product causes aphids to cease feeding, with actual death occurring in 3-5 days.

Beleaf (flonicamid, Group 9C). Apply Beleaf at 2.0 to 2.8 oz/acre. The product may be applied by ground,
air or chemigation for aphid control. This product will only control aphids. Apply no more than 3 applications
per season. Beleaf has a 7 day pre harvest interval. Always use a high quality organosilicone blend surfactant
with Beleaf

Voliam Xpress (lambda-cyhalothrin, chlorantraniliprole, Group 3, Group 28). Apply at 6.0 to 9.0 fluid oz
per acre for control of CPB by ground air or chemigation. When applying by chemigation, apply in 0.1 to 0.2
acre inches of water per acre. Do not exceed a total of 27 o0z of product per season per acre. Minimum time
between application intervals is 7 days. There is a preharvest interval of 14 days.

Voliam Flexi (thiamethoxam, chlorantraniliprole, Group 4a, Group 28). Apply at 4 fluid oz per acre by

ground, air and chemigation. Do not apply more than 8 ounces total per season per acre. There is a minimum
interval between applications of 7 days. Do not harvest the field for 14 days after application. Do not apply
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this product if the field has been treated this year with any neonicotinoid (Admire Pro, Belay, Cruiser or
Platinum.)

Endigo (thiamethoxam, lambda_cyhalothrin, Group 4a, Group 3). Apply at 4.5 fluid oz per acre by
ground, air or by chemigation. Do not apply more than 10 ounces per season per acre. There is a minimum
interval between applications of 7 days. Do not harvest the field for 14 days after application. Do not apply this
product if the field has been treated this year with any neonicotinoid (Admire Pro, Belay, Cruiser or Platinum).

Torac (tolfenpyrad, Group 21a). Apply at 17 to 21 fluid ounces per acre by ground, air and chemigation for
control of aphids. Use the higher rate or heavier pest infestations or applying by chemigation. When applying
by ground use at least 20 gallons of water per acre, when applying by air use at least 5 gallons of water and
when applying by chemigation refer to the specific label language. Do not apply more than 2 applications per
cropping season. Torac has a 14 day pre harvest interval and a 14 day retreatment interval. A total of 42 fluid
ounces can be applied during a single cropping season.

Movento (spirotetramat, Group 23). Movento may be applied by air, ground or chemigation for control of
aphids. We do not recommend this product be applied to potatoes by chemigation. Apply Movento at 5.0 o0z of
product per acre; there is a seasonal limit of 10 oz per acre  Movento requires up to 14 days to become fully
effective in the plant. If following an application of a neonicotinoid at planting/cracking, apply Movento at 14
days prior to expected “break” of the planting time insecticide. Research has shown that the most effective
means of controlling psyllids, aphids and other pests is to apply Movento consecutively twice with a 10 to 14
day treatment interval. For resistance management purposes, do not allow more than 21 days between
applications of Movento unless an insecticide with a different mode of action is applied between the two
applications. If a planting time insecticide has not been made, apply Movento 14 days prior to the appearance
of aphid. The product is more effective when applied earlier in the outbreak cycle due to its systemic properties
and efficacy against eggs and nymphs. Use of Movento requires inclusion of a penetrating surfactant, such as a
MSO. One feature of consequence for Movento is that there is a 30 day plant back restriction after the the last
application for all crops. Since this product would almost always be applied more than 30 days before harvest,
there are functionally no plant back restrictions for Movento.
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Aphid Management Guidelines for Seed Potatoes

Alan Schreiber, Agriculture Development Group, Inc., and Andrew Jensen, Idaho, Oregon and Washington
State Potato Commissions

PVY Control Considerations.
e Use only clean seed tubers with low or no virus content based on winter tests.

e |tis recommended that growers do use a systemic insecticide at planting however, if potato growers do
not use a systemic insecticide at planting, it is even more important that foliar aphid insecticides be used
later in the season if PLRV prevention is the goal.

e Fields should be scouted at 3 to 4 day intervals before aphid flights begin (early May); a minimum of ten
locations per 100 acre field should be checked. For potatoes that are not to be stored application of
foliar aphid insecticides should begin when 5 aphids per 100 leaves or 5 aphids/plant are detected. Use a
beat sheet or a bucket to count aphids. Place either device underneath plants and shake plants
vigorously. Aphids will fall.

e Control volunteer potatoes and potatoes growing in cull piles.

e Based on trials conducted in Idaho, Oregon and Washington, imidacloprid-based products (Admire Pro
and Gaucho), thiamethoxam-based products (Platinum and Cruiser) and clothainidin-based product
(Belay) provide significantly better aphid control than alternatives. Imidacloprid, thiamethoxam and
chlothianidin applied at planting will provide 80 to 100 days of residual control. Phorate (Thimet,
Phorate) does not provide reliable green peach aphid (GPA) control beyond 50 days. Use of Thimet will
increase the likelihood that foliar application of insecticides mid to late season will be necessary. Use of
phorate in a full season potato production system is of minimal value for pest management.

e In years with high numbers of winged GPA, a management program that uses only foliar insecticides
applied in response to scouting is insufficient to prevent potato leaf roll virus (PLRV) transmission in
late season Russet Burbank potatoes. This is because the high number of aphids can transmit PLRV
before 100% of aphids are Killed.

e Following a soil or seed treatment applied insecticide a “no gap” program is required to reduce the
extent of transmission of PLRV from infected plants to non-infected plants within a field. It is possible
that even with a “no gap” intensive GPA control program some level of transmission from virus bearing
aphids migrating into a field from early season potatoes or weedy hosts may occur. A no gap program
includes use of a long-term residual insecticide applied at time of planting, application of an effective
foliar aphid insecticide prior to the “break” and then sequential applications of foliar aphid insecticides
at intervals no longer than their period of residual control.

e Research in Idaho indicates that hairy nightshade is an excellent aphid and virus host. The mere
presence of this weed increases the amount of PLRV and PVY in the crop. Therefore, control of this
weed is highly recommended. Other solanaceous weeds should also be controlled.

It was previously thought that the primary means by which GPA survives the winter is in the egg stage on peach
trees. We now know that if they are not subjected to temperatures cold enough to kill them, they can also
overwinter on various perennial, biennial, and winter annual weeds, such as tumble mustard, flixweed,
shepherd’s-purse, chickweed, mallow, horseweed, pennycress and redstem filaree. While it is not entirely
possible or practical to control aphids originating from these weeds, it is important to understand that early
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sources of aphid outbreaks can occur throughout most, if not all of the PNW potato growing regions as these
weeds dry out.

Cultural Control

Planting disease free seed. Planting PVY free seed is the most effective way to reducing PV infection in
subsequent generations of seed.

Eliminating aphid populations on bedding plants. Bedding plants in home gardens are a good source of
aphids -- fields close to towns are often the ones with the most aphid problems. Significant numbers of winged
aphids can be produced in home gardens. Aphids moving directly from home gardens to potato plantings often
transport viruses since home garden potato plants can have a high rate of disease infection. Effective programs
to control aphids on the winter host and on bedding plants will greatly reduce the need for applications of
insecticides to potato crops.

Eliminating secondary hosts. Early aphid infestations commonly occur on a number of weeds including
species of mustards, nightshade and ground cherries. Winged forms produced on these weeds later infest crop
plants, including potatoes, and high numbers may appear during a short period when one or more species of
weeds dry up or mature. Research from Idaho has shown that hairy nightshade is an excellent aphid host and
also harbors potato viruses; some aphids reproduce up to 50% better on the weed than on potatoes. Green peach
aphids and other species of colonizing and non-colonizing aphids can transmit potato viruses (PLRV and PVY)
from hairy nightshade to potatoes at higher rates than from potatoes to potatoes. Therefore, nightshades should
be kept well in check, especially in seed-growing areas where disease prevention is essential.
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Aphid Planting Time Options

Based on trials conducted in Idaho, Oregon and Washington, imidacloprid-based products (Admire Pro and
Gaucho), thiamethoxam-based products (Platinum and Cruiser) and clothianidin-based products (Belay) provide
significantly better CPB and aphid control than alternatives. Imidacloprid, thiamethoxam and clothianidin (all
neonicotinoid insecticides) applied at planting will provide 80 to 100 days of residual control. Other soil
applied systemic insecticides such as phorate (Thimet, Phorate) do not provide reliable Colorado potato beetle
and GPA control beyond 50 days. Use of Thimet increases the likelihood that foliar application of insecticides
will be necessary. Venom is another neonicotinoid insecticide used at planting time on potatoes. At this time, it
is not recommended for use at planting in potatoes in the PNW due to its short period of residual activity.

Insecticide Seed Treatments

Admire Pro (imidacloprid, Group 4A). Admire Pro is a liquid seed piece treatment offering control of all
aphid species, Colorado potato beetle, flea beetle, potato leafhopper, and psyllids with the flexibility of ultra-
low volume liquid seed-piece application. Admire Pro may reduce wireworm damage in seed-pieces. The
application rate is 0.17 — 0.35 fl. oz./cwt. of seed-pieces (Note: Based on a 2000 Ib/acre seeding rate, this rate
range is equivalent to 3.5 -7.0 fl. oz./acre). Do not apply any foliar neonicotinoid (Admire Pro, Leverage,
Venom, Endigo Actara, Assail) following this application.

CruiserMaxx Potato (thiamethoxam, Group 4A). Cruiser is a seed-applied neonicotinoid product recently
registered for use on potatoes. Use CruiserMaxx Potato seed treatment to provide protection against injury from
aphids, Colorado potato beetles, flea beetles, and psyllids. Cruiser 5FS will also control wireworms that feed on
the seed piece. The rate range is 0.19 to 0.27 oz per 100 Ibs of tubers, depending on the seeding rate (consult
label). Length of control will vary depending on the rate used, soil and environmental conditions, and insect
pressure. Use approved application equipment (Spudgun or Milestone barrel treater). It is important to note
that the application rate will vary by the number of sacks planted per acre with a maximum use rate of 0.125
Ibai/A. This Cruiser Maxx Potato formulation is a combination of Cruiser 5FS and Maxim 4FS. Do not apply
any foliar neonicotinoid (Admire Pro, Leverage, Venom, Endigo Actara, Assail) following this application.

Cruiser Maxx Potato Extreme (thiamethoxam, Group 4A) is the same product as CruiserMaxx but includes
difenconozole for increased control of Fusarium. It is used identically to CruiserMaxx except it is applied at a
higher rate of 0.31 0z/100 pounds of seed. This product was developed for the Northeastern potato market
where Fusarium has developed resistance to existing fungicides. It will be commercially available in the Pacific
Northwest but offers identical insect control as to CruiserMaxx. Do not apply any foliar neonicotinoid (Admire
Pro, Leverage, Venom, Endigo Actara, Assail) following this application.

Insecticide In-Furrow Treatments

Platinum 75SG (thiamethoxam, Group 4A). Platinum is a soil-applied insecticide providing long residual
control in potatoes. Apply Platinum at 1.66 to 2.67 0z/A in-furrow at planting in a 6-8 inch band with
sufficient water for good coverage for the control of aphids, Colorado potato beetle, potato leafhoppers, flea
beetles, and potato psyllid. Do not apply if any neonicotinoid (Group 4A: CruiserMaxx, Belay or Admire Pro)
has been applied as a seed treatment. Do not apply foliar neonicotinoids (Admire Pro, Leverage or Actara)
following this application. Alternatively, Platinum may be applied POST plant, pre-emergence as a broadcast
application at 1.66 to 2.67 0z/A and watered in with 0.10 -0.25 inches of water. All precautions listed above
must be followed.
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Admire Pro (imidacloprid, Group 4A). Admire Pro is a soil-applied insecticide providing long residual
control of insect pests of potatoes. Admire Pro will control Colorado potato beetles, aphids, wireworms (seed
piece only), and psyllids. Dosage rates are 5.7 to 8.7 fl 0z/A applied as an in-furrow spray at seeding or as a side
dress to