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Low-input, low-cost IPM program helps manage potato psyllid
by Sean M. Prager, Gregory Kund and John Trumble

Potato psyllid is a pest of solanaceous plants throughout much of the western United
States, including California, where it has increased and is now overwintering. The
psyllid affects its plant hosts from direct feeding and by transmitting a plant pathogenic
bacterium, Lso. Millions of dollars of damages have occurred in the U.S. potato industry,
and a large acreage of crops is susceptible in California. Control is complicated because
different crops have different pest complexes and susceptibilities to Lso; currently most
growers use multiple pesticide applications, including broad-spectrum insecticides.
Results of our field trials at South Coast Research and Extension Center indicate that the
use of broad-spectrum insecticides actually increases psyllid numbers in both peppers
and potatoes. We have developed a low-input IPM program, which in field trials
produced encouraging results in peppers, potatoes and tomatoes compared to broadspectrum insecticides. Economic analysis showed the low-input IPM approach was more
cost effective than a standard insecticide program in tomatoes.

T

he potato psyllid, Bactericera cockerelli Sulk (Hemiptera: Triozidae),
also known as the tomato psyllid, is an insect pest on many important
solanaceous vegetable crops grown in
California. These include tomato (Solanum lycopersicum), bell pepper (Capsicum
annum) and potato (Solanum tuberosum)
(Butler and Trumble 2012a). Potato psyllid and its associated bacterial pathogen
Lso have caused considerable damage to
potatoes in other states, New Zealand,
and Mexico. Now the psyllid is more
than an occasional pest in California and

is overwintering here. Susceptible crops
in California are estimated in excess of
600,000 acres (250,000 hectares), including
approximately 25,000 acres (10,000 hectares) of potatoes (USDA-NASS 2015).
Control is complicated because different crops have different pest complexes
and susceptibilities to potato psyllid and
Lso. Solanaceous weeds are alternate
hosts. Sequential sampling plans are
available for each of the main host crops,
but are not widely used. Resistance to

effective insecticides has been documented in Texas. Growers continue to use
broad-spectrum insecticides. Our goal
was to develop an IPM approach that
would help growers avoid unnecessary
insecticide applications, particularly of
broad-spectrum insecticides, which our
field studies show increase the incidence
of the pest.

Potato psyllid damage
Potato psyllid has multiple mechanisms of causing damage. First, feeding
by potato psyllid nymphs, and sometimes
adults, can result in psyllid yellows, the
symptoms of which include stunting and
chlorosis of leaves, and in extreme cases
plant death; psyllid yellows is believed to
be the result of a currently unidentified
toxin (Butler and Trumble 2012a). There
are reports of psyllid yellows in potatoes
and tomatoes but not in peppers.
Second, potato psyllids are the only
known North American vector of a
phloem-limited bacterial pathogen tentatively known as Candidatus Liberibacter
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California has over 600,000 acres of crops that
are susceptible to potato psyllid, including
potato (shown here), tomato and bell pepper.
The pest can be found throughout the year
from San Diego to the Sacramento Valley.

solanacearum (Lso) or, synonymously,
Candidatus Liberibacter psyllaurous
(Hansen et al. 2008; Munyaneza et al.
2007). In potatoes, infection with Lso
leads to zebra chip disease, which results
in foliar symptoms, plant death and also
a characteristic striped pattern in tubers
when they are fried (Butler and Trumble
2012a). These symptoms make potato
chips and French fries unmarketable and
have cost the U.S. potato industry millions of dollars (Greenway 2014).
In tomatoes, eggplants and peppers,
Lso infection results in vein greening
disease (Hansen et al. 2008). Symptoms
of vein greening disease include chlorosis, shortening of internodes, stunting,
curling of leaves and discoloration of
veins. In older plants, symptoms can also
include bleached leaves, foliar purpling,
necrosis, wilting and eventually death.
Importantly, infection can result in poor
fruit quality, fruit with low sugar content
and failure of fruit to set.
Third, feeding by potato psyllids leads
to substantial honeydew (insect feces)
accumulation. In bell peppers, this can
result in the accumulation of sooty mold,
the additional weight of which can compromise stems, and it has an economic
cost because fruit requires cleaning
or downgrading (Rojas et al. 2014). In
California, it is typically these secondary
issues, rather than Lso infection, that are

problematic in bell peppers. Lso infection
in California bell pepper fields is limited.
In 2014, the authors collected adult potato
psyllids on bell peppers (‘Cal Wonder’) at
the South Coast Research and Extension
Center (REC) in Irvine, California, that
tested positive for Lso. However, when
whole plants were collected from the
same fields, divided into root, stems and
leaves, and then tested for the presence
of Lso using quantitative real-time PCR,
not a single plant sample was positive.
Importantly, potatoes in adjacent fields
tested positive for the Lso bacteria, zebra
chip symptoms or both.

Potato psyllid reports, range
As reviewed by Butler and Trumble
(2012a), potato psyllid has been known as
a pest in California for nearly 100 years.
Reports of the psyllid date back at least to
the California State Horticulture Bulletin
in 1915 (Compere 1915). There it was reported on false Jerusalem cherry (Solanum
capsicastrum), but it has since been identified on numerous other plant species
(Butler and Trumble 2012a).
Since its initial detection, potato psyllid has been reported in multiple Western
states, but typically as an occasional pest.
This changed in 1999-2000, when it became increasingly common on fresh market tomatoes in both California and Baja,
Mexico (Liu and Trumble 2004). The pest

now can be found throughout the year
from San Diego to the Sacramento Valley.
The potato psyllid has been especially
problematic for the Texas potato industry, which has lost millions of dollars
as a result of the pest (Guenthner et al.
2012). As a consequence, much of the research on management of potato psyllids
has focused on potatoes and has been
conducted in Texas. This is despite the
considerable amount of susceptible crops
grown in California, the documented occurrences of Lso in California (Crosslin et
al. 2010) and the dominance of the Pacific
Northwest as a potato-growing region.
California is the largest U.S. producer
of both tomatoes and bell peppers, which
are preferred host plants for the Western
haplotype of the psyllid (Prager, Esquivel
et al. 2014). Much of the research on potato
psyllids on nonpotato crops has been conducted in California.
Potato psyllid has an extremely large
host range, including many solanaceous
weeds such as black nightshade that occur near crop fields in California (Butler
and Trumble 2012a). A few studies have
investigated the psyllid’s ability to use alternate (noncrop) host plants in Texas and
the Pacific Northwest, but information is
limited on the role these plants play in
disease and pest dynamics, especially in
California, where no field studies of alternate hosts have been conducted. Thus,
the extent to which these weeds require
management is unknown.
Presently, there are sequential sampling plans for potato psyllid designed
for bell pepper, potato and tomato (Butler
and Trumble 2012b; Prager, Butler et al.
2013, 2014). A sequential sampling plan
helps growers to determine pest infestation numbers and make treatment decisions accordingly. However, it is unclear
to what extent sequential sampling plans
are being used by growers.

Insecticide treatments
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Management of potato psyllid and
zebra chip disease is an active research
topic. Researchers are looking into putatively resistant and tolerant varieties
of potato (Diaz-Montano et al. 2013) and
RNAi-based mechanisms of psyllid control (Wuriyanghan et al. 2011). However,
Feeding by potato psyllid can stunt the growth
of potato leaves and cause leaflets to roll upward
and turn yellow.
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Psyllid adult, left, and psyllid nymphs, right. Adult potato psyllids are cicadalike in appearance. Although feeding by adults usually does not damage potato
plants, their presence indicates a need to check for nymphs. Potato psyllid nymphs have a flattened, scalelike appearance.

currently there are no commercially available cultivars that exhibit resistance or tolerance to either the psyllid or Lso. Thus,
control of potato psyllids is based on the
application of insecticides (Guenthner et
al. 2012).
In potatoes, where zebra chip disease
is a particular threat, the set of insecticidal materials commonly used has been
extensively tested and a list of recommended materials has been generated that
includes systemic materials and those
specific to sucking insects (Gharalari et al.
2009; Goolsby et al. 2007). In potatoes, the
use of selective materials is practical, as
the materials are effective against many of
the common pest insects that threaten potatoes. Unfortunately, in bell pepper and
tomatoes, these materials are not effective
against many of the other insect pests that
must be managed.
Grower resources such as the
California UC IPM Pest Management
Guidelines (ipm.ucanr.edu/PMG/crops-agriculture.html) incorporate best practices
into their recommendations for pesticide
use, but little information is available to
growers that focuses on psyllid suppression while managing multiple other pests.
Consequently, most of the current control
strategies used by growers of bell peppers
and tomatoes rely on broad-spectrum
materials.
For example, in 2012 in bell peppers
in California, the top insecticides applied
(by weight) included the broad-spectrum
materials permethrin (fifth most applied)
and carbaryl (sixth most applied) (DPR
2013). Additionally, methomyl, a restricted

use, highly toxic broad-spectrum material, was the 18th most applied pesticide when considered by area treated.
Similarly, in 2012 in potatoes, the top 10
insecticides applied by weight included
the broad-spectrum materials phorate,
carbaryl, esfenvalerate and methomyl.
In potatoes, as mentioned above, new
materials that are target-specific or systemic (and thus less harmful to beneficial
insects) have been evaluated for control
of potato psyllids. Among the small list
of materials recommended or commonly
used are two neonicotinoid materials
(imidacloprid and thiamethoxam), two
materials targeted at sucking insects
(pymetrozine and spirotetramat) and the
bacterial-derived abamectin (Guenthner
et al. 2012). Some of these materials have
been examined in greater detail than others. Imidacloprid and thiamethoxam have
been tested for potential resistance development by the psyllid (Prager, Vindiola et
al. 2013). These studies indicate that substantial resistance has developed to imidacloprid in southern Texas, and that the
same population may also be developing
resistance to thiamethoxam. Currently,
there is no evidence of resistance in
California.
Studies of the materials have led to
more refined management recommendations. It has been determined that the
method of application (drip versus soil
drench) substantially affects the levels
of active ingredient realized in the plant,
with application through drip irrigation
resulting in better control in potatoes and
higher concentrations of the materials

in plants (Prager, Vindiola et al. 2013).
Foliar applications should be minimized
or avoided as these are expensive and
repeated use is believed to be one cause
of the pesticide resistance development in
Texas.

Biological control
There are no commercially available
biological control agents available for
potato psyllid. Biocontrol agents are available for purchase for some other pests,
such as whiteflies and leafminers, that
cause problems in potatoes, tomatoes and
bell peppers, but in many cases these are
not necessary if the native biological controls are not killed by pesticides (Trumble
1990).
For some insects like the beet armyworm, entire IPM programs have been
developed based on the use of organically-approved microbial controls such
as Bacillus thuriengiensis (Trumble et al.
1994), but pesticides still may be needed if
other pests are present. When psyllids are
present, conservation of existing natural
enemies, such as spiders, lacewings and
the parasitoid Tamarixia triozae, can provide additional control, though pesticides
are the only currently available strategy to
adequately reduce psyllids and suppress
Lso. Therefore, it is critical to select pesticides that maximize the effects on the
psyllids while minimizing the effects on
beneficial arthropods.

Low-input IPM program
We have had success using a low-input
IPM program based on pest monitoring
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and, as necessary, using pesticides (no
organophosphates, carbamates or pyrethroids) that have few detrimental effects
on beneficial insects, since beneficials
have been shown to help reduce psyllid populations (Butler and Trumble
2012c). The low-input program uses an
Insecticide Resistance Action Committee
(IRAC) strategy for alternating the mode
of action of pesticides to slow development of pesticide resistance. These
concepts of resistance management and
maximizing the effects of existing beneficial arthropods are incorporated in the
program and do not require any specialized knowledge or action on the part of
the grower adopting the program.
To use this program, pest control advisers (PCAs) first scout the fields, using
a sequential sampling plan or similar
approach, determine which pests are
present, and then use a schematic
(fig. 1) to choose the appropriate rotational strategy for the
pest(s) present. When circles
overlap, the rotation is expected to be effective against

both pests. When a material appears in
multiple circles, it can be expected to
function for control against both (all)
pests. When there is no overlap, pestspecific materials can be chosen for a
single pest. This approach simplifies the
selection of pesticides and minimizes the
potential for unnecessary applications.
Our research group has used the program successfully in field trials of several
vegetable crops, including peppers, celery
and tomato.
Tomato field trial. In multiple tomato
field trials at the UC South Coast REC,
we compared the low-input program
with the standard chemical treatment
of methomyl plus permethrin. There
were four replicates per treatment, plots

Thrips control

Psyllid control
1. Admire Pro 7 oz
• Greenhouse application
• Field application at transplant via
the drip
• Banded on the beds
2. Agrimek 16 oz
3. Movento 240 SC 5 oz × 2
4. Vydate L
5. Platinum 240 SC 11 oz
6. Radiant 2SC 6 oz

1. Admire Pro 7 oz
• Greenhouse application
• Field application at transplant via the drip
• Banded on the beds
2. Agrimek 0.15 EC 16 oz
3. Radiant 2SC 6 oz
4. Neemix 16 oz
5. Trilogy (1%–2%)

were four rows wide on 5-foot (1.58-meter) centers and 65 feet (20 meters) long
and all applications were made with
a commercial tractor-mounted boom
sprayer. Yield measurements were taken
at harvest from the two center rows of
each plot. An economic analysis was
made, including calculation of production
costs and the dollar value of yields; see
figure 2.
The results were encouraging. Across
the range of carton values, the net profit
was greater for the low-input IPM program than for the standard chemical
treatment. In our experience, growers
readily adopt such programs when provided evidence of an economic benefit
(Trumble 1998).
Potato and bell pepper field trials. In
2011 and 2014, we conducted trials on potatoes and bell peppers at South Coast
REC, comparing plots treated with
the broad-spectrum insecticides
methomyl (Lannate, Dupont
Crop Protection, Wilmington,
Delaware) and permethrin (Pounce, FMC Corp.,

Whitefly control
1. Admire Pro 7 oz
• Greenhouse application
• Field application at transplant via the drip
• Banded on the beds
2. Movento 240 SC 5 oz × 2
3. Platinum 5–11 oz
4. Coragen SC

Worm control
Leafminer control
1. Agrimek 0.15 EC 16 oz
2. Radiant 2SC 6 oz (south and desert)
3. Coragen SC
4. Verimark (soil), Exirel or Benevia

1. Avaunt DG 3.5 oz
2. Synapse 24 WG 3 oz
3. Xentari DF 1 lb
4. Radiant 2SC 6 oz
5. Intrepid 240F 8–16 oz
6. Coragen SC
7. Verimark (soil), Exirel or Benevia
Weevil control
1. Actara
• Provides some worm control

Fig. 1. A low-input IPM program for controlling potato psyllid in California bell peppers, tomatoes and potatoes includes selecting pesticides to match the
pest population present and using materials with the least detrimental effects on beneficial insects. Each circle indicates an optimized IPM rotation for that
particular pest. Numbers indicate order of application within the rotational strategy and do not imply efficacy (higher number ≠ greater efficacy). When
circles overlap, the rotation is expected to be effective against both pests. When a material appears in multiple circles, it can be expected to function for
control against both (all) pests. When there is no material in common between two circles, it may be necessary to make an additional application using a
material from each of the pests’ circles (rotation). Always check the insecticide label for specific crop use and rates.
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were examined from each treatment plot
(400 per treatment). Additional pests identified in the fields included Lepidoptera,
aphids and lygus bugs.
These trials indicated that the use of
broad-spectrum insecticides were associated with increased psyllid populations.
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Fig. 2. Net profit per hectare in a tomato trial comparing a low-input IPM program and a standard
chemical program (methomyl plus permethrin) for managing potato psyllid. Control plots (with
no pesticide applications) were included to show whether the costs of pest management were
warranted. The net profit was determined as the value of the marketable portion of the crop minus
the horticultural costs (including the costs of pesticides and their application) needed to produce and
harvest the crop. The dollar value of a 25-pound (11.3-kilogram) carton varies during the season and
between years, but it generally ranges between $6.00 and $14.00.
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Increased potato psyllid egg and nymph
densities were documented midway (approximately 60 days) into the growing
season in 2011 and 2014 bell pepper plots
where methomyl and permethrin applications were made (fig. 3). In addition, increased nymph densities were associated
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Philadelphia, Pennsylvania) to untreated
control plots and to plots managed with
the low-input IPM treatment described
above as well as several chemicals commonly used in the control of psyllids in
potatoes.
Potatoes (‘Atlantic’) and bell peppers
(‘Cal Wonder’ in 2011, ‘Baron’ in 2014)
were planted in identical-sized plots (4
rows wide, 5-foot centers, 65 feet long),
four replicates per treatment, using methods that approximate a commercial operation. Both bell peppers and potatoes were
drip irrigated, and in 2014 potatoes were
also sprinkler irrigated until approximately 1 week after emergence.
Insecticides were applied at labeled
rates, using commercial application equipment, via a tractor-mounted boom, drip
irrigation, or a soil drench as appropriate.
Materials applied as either a drench or
through chemigation were applied once
at planting. All other sprays were made
weekly, weather permitting. The combination methomyl and permethrin treatment
was applied a minimum of six times.
Bell pepper and potato fields were
sampled each year for the presence of
potato psyllid. During sampling, five randomly selected whole plants per replicate
(20 plants per treatment on every sample
date) were inspected for the presence of
eggs, nymphs and adults. In 2011 and
2014, mature-green to ripe bell pepper
fruit were harvested from the center row
of each replicate and examined for the
presence of potato psyllid; in 2011, 200
fruit were examined from each replicate
plot (800 per treatment); in 2014, 100 fruit
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Chemical

Lepidoptera
control

IPM

Methomyl +
permethrin

Fig. 3. The number of potato psyllid eggs and nymphs in field counts of bell peppers in (A) 2011 (GLM: X2 = 22.8, d.f. = 3, 74, p < 0.001) and (B) 2014 (GLM: X2
= 33.0, d.f. = 4, 93, p < 0.001). Control = untreated with any insecticide; chemical = insecticidal materials used but without applying the IPM strategy; and
Lepidoptera control = the application of materials selected with a focus on controlling Lepidopteran pests. Letters indicate significant differences with the
methomyl and permethrin treatment at p < 0.05. Asterisks indicate significant difference with the control at p < 0.05.
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with the methomyl and permethrin treatment in bell pepper fruit at harvest in
2014 (fig. 4).
In 2014 and 2015, bell pepper growers
in the Central Valley reported outbreaks
of potato psyllids with large numbers of
nymphs, adults and honeydew on plants
and especially fruit. The growers were
targeting numerous pests, including pepper weevil and potato psyllid, and applying many materials, including some
broad-spectrum insecticides. It had been
previously suggested, before our trials,
that some broad-spectrum insecticidal

In our potato plots . . . treatments of methomyl and permethrin
resulted in a statistically significant increase in the number of
psyllid nymphs compared to the other treatments.
materials may lead to increased potato
psyllid populations; the study was done
in greenhouses in Colorado (Al-Jabr and
Cranshaw 2007), but the effect was not
tested in the field.
In our potato plots at South Coast
REC in 2014, as in peppers, treatments
of methomyl and permethrin resulted in
a
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Methomyl +
permethrin

Fig. 4. The number of potato psyllid nymphs in bell pepper fruit at harvest in 2014. There is an overall
significant trend (GLM: X2 = 87.4, d.f. = 5, 29, p < 0.001). The insects rarely, if ever, oviposit on the
fruit, so there are no data on egg numbers. Control = untreated with any insecticide; chemical =
insecticidal materials used but without applying the IPM strategy; Lepidoptera control = the application
of materials selected with a focus on controlling Lepidopteran pests. Letters indicate significant
differences with the methomyl and permethrin treatment at p < 0.05. Asterisks indicate significant
difference with the control at p < 0.05.
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Fig. 5. The number of potato psyllid eggs and nymphs in field counts of potatoes in 2014. Chemicals 1, 2
and 3 are commonly used in the control of psyllids in potatoes, including some neonicotinoid materials,
while “No neonic” includes similar common materials but no neonicotinoid insecticides. Letters indicate
significant differences with the methomyl and permethrin treatment at p < 0.05. Asterisks indicate
significant difference with the control at p < 0.05.
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a statistically significant increase in the
number of psyllid nymphs compared to
the other treatments (GLM: X2 = 64.8, d.f.
= 11, 226, p < 0.001; fig. 5). This pattern
was also observed with respect to the
number of eggs (GLM: X2 = 49.8, d.f. = 11,
226, p < 0.001; fig. 5), with significantly
more eggs counted in the methomyl and
permethrin treatment than in the other
treatments. Greater numbers of nymphs
and eggs are likely to have been associated with greater numbers of adults as
well, although this was not examined
because adults are quite difficult to count
in the field.
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Management of potato psyllid in
California is likely to become increasingly
difficult due to a combination of factors:
limits and regulations on pesticide applications, the apparently increasing range
of the pest (in 2011 it was found overwintering in Washington state and Idaho), its
recently acquired habit of overwintering
in California rather than migrating, and
the relative abundance of host crops.
Additionally, since the psyllid is not the
sole pest on many of its host crops, it must
be managed in conjunction with other
pests.
Feeding damage, and the “mechanical
damage” of sooty molds, can be managed
with limited insecticide applications and
moderate economic thresholds. This is
because the damage is associated with
relatively high densities of psyllids; this
is the case in both tomatoes and bell peppers. In potatoes, since zebra chip is a
concern, a more conservative approach
may be necessary. Our studies indicate
that in peppers and tomatoes, a low-input
IPM strategy can be adopted that is economically viable and effective against the
complex of potential pests. The approach
may also be suitable to potatoes when Lso
is not a consideration, but is unlikely to be
effective or adopted in areas (or cultivars)
in which Lso is a particular risk.
Lso-susceptible crops present a different challenge. Lso can be rapidly transmitted by even a single psyllid given an
exposure of just a few hours (Butler et

al. 2012). The resulting infected plants
currently cannot be cured of the infection. These severe consequences dictate
a near zero-tolerance approach in crops
such as potatoes grown for chipping or
French fries — meaning that the lowinput IPM approach we present here may
not be practical. Further, the nature of
Lso influences the insecticidal materials
that a grower can use. For example, some
systemic insecticides have proven effective against potato psyllid, yet they must
be ingested by the insect — but feeding
increases the risk of pathogen transmission. Some insecticidal compounds, such
as imidacloprid, have been shown to have
anti-feedant properties in addition to toxicity (Butler et al. 2012). Other anti-feedant
materials, such as pymetrozine (Fulfill,

Syngenta AG, Basel, Switzerland), may result in low insect mortality: We examined
pymetrozine on tomato and potato plants
in controlled greenhouse experiments,
with the maximum allowable label rates,
and found that following both 24-hour
and 48-hour exposures, adult psyllids
survived as well as those exposed to untreated control plants sprayed with water.
However, it has yet to be determined
if psyllids can transmit Lso following
exposure to pymetrozine; it is possible
that exposure to pymetrozine results in
increased psyllid populations but not in
the spread of Lso. In such a scenario, the
efficacy would differ among crops based
on the perceived threat from Lso.
Finally, it is increasingly important
that management of the potato psyllid

take an area-wide approach that considers
all potential host crops. Psyllid movement
between crops, timing of crop planting,
and which crops are adjacent to others
all need to be considered. There is much
research that still needs to be done to address potato psyllid control. c
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