The potato psyllid and its
associated pathogens
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Overview

This presentation will discuss the potato psyllid, Bactericera
cockerelli (Sulc).

— Host plants

— Life cycle

— Distribution

— Recognition

— Damage due to feeding and pathogen transmission
— Biosecurity issues

— Management
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Presenter
Presentation Notes
This presentation will teach you about the potato psyllid, Bactericera cockerelli. Various topics will be addressed, including host plants, life cycle, distribution, recognition of the potato psyllid, damage due to feeding and disease transmission, biosecurity information, and management recommendations.



What is a psyllid?

e Psyllids are known as
jumping plant lice.

e Adults are highly mobile

and jump quickly when
disturbed.

e Life stages include egg,
nymph, and adult.

Adult
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Presentation Notes
Psyllids are known as jumping plant lice because adults jump readily when disturbed. Very few psyllids are important in agriculture or home gardening, but there are a few that cause problems, such as the citrus psyllid on citrus and its relatives and the red gum lerp psyllid on eucalyptus. All psyllids progress through several life stages that include egg, nymph, and adult. 



What is a potato psyllid?

e Occur in North and Central America.
* Feed by sucking juices from plants.

e [nfest plants in the family Solanaceae,
including important crops.
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Presentation Notes
The potato psyllid is the common name for one species of psyllid that occurs in North America and parts of Central America. Primarily, it infests plants in the family Solanaceae, including some important crop plants. Psyllids feed by sucking juices (phloem) out of plants. Their mouthparts are similar to a drinking straw with a pump. 

The official ESA common name of B. cockerelli is potato psyllid. It is listed under its junior synonym Paratrioza cockerelli in the 1997 printed list. A note says that it also is called the tomato psyllid.


Hosts of the potato psyllid

e Psyllids are usually found on leaves.
e Can be on pepper fruit.

Psyllid nymphs hide under
the calyx of the peppers.

U protectus
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Presentation Notes
Psyllids usually are found on the leaves of the plants. Peppers are an important exception, because psyllid nymphs sometimes can be found under the calyx of pepper fruit. Often, there is no indication of the presence of these insects without removing the entire stem and calyx from the fruit and scrutinizing the underside of the calyx. This causes a regulatory hazard, because the insects can travel in commercial shipments of peppers.

Source: 

Susan Halbert, FDACS/DPI


Distribution map of the potato psyllid
in the Americas

e Lighter blue areas
are colonized
intermittently.

e Note that half of
North America has
no potato psyllids.
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Presentation Notes
The distribution of the potato psyllid can be seen on the map. Historically, the psyllid has overwintered only in southern Texas and northern Mexico. Migratory populations reached the southern tier of U.S. states shown in dark blue in most years, with the exception of California. (FYI: Nevada, Arizona, Utah, Colorado, New Mexico, Texas, Nebraska, Kansas, and Oklahoma). Occasionally, potato psyllids were found further north. (FYI USA: Oregon, Washington, Idaho, Wyoming, Montana, North and South Dakota, Minnesota; Canada: British Columbia, Alberta, and Saskatchewan). More recently, a population has developed that can overwinter in California. The result is that California has potato psyllids every year, and the northern areas are seeing potato psyllids more frequently. Potato psyllids also have been found in Honduras and Guatemala.

An important aspect to note about this map is the absence of potato psyllids in the eastern half of the USA. So far, there is no evidence of populations developing on solanaceous crops in the eastern states. However, there is concern that this could change. In the past, the area colonized by the potato psyllid did not produce many solanaceous vegetables sold in eastern states. Now that there is a more or less permanent population of potato psyllids in California, there is a much more likely pathway for introduction of potato psyllids into the East. Many solanaceous vegetables such as peppers move from California and northwestern Mexico to eastern states. In fact, Florida has intercepted potato psyllids on peppers from the West. There also have been interceptions of hitchhiking adult potato psyllids on lettuce from California. It is not known if the new California population also could adapt to life in the eastern states.

Sources:

Liu, D.G., Trumble, J.T., and Stouthamer, R. 2006. Genetic differentiation between eastern populations and recent introductions of potato psyllid (Bactericera cockerelli) into western North America. Entomologia Experiemntalis et Applicata 118: 177-183.

Munyaneza, J.E., J.L. Buchman, V.G. Sengoda, T.W. Fisher, and C.C. Pearson. 2011. Susceptibility of selected potato varieties to zebra chip potato disease. American Journal of Potato Research 88: 435-440.

Honduras record based on specimens in the Florida State Collection of Arthropods (FSCA).





Life cycle of the potato psyllid

The life cycle of the potato psyllid include:
— Eggs
— Nymphs
— Adults
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Presentation Notes
The life cycle of the potato psyllid includes eggs, nymphs, and adults. After hatching from the egg, there are five nymph stages during which the psyllid grows in size. During the final molt, the psyllid emerges in its winged adult form.




Life cycle of the potato psyllid

e Eggs

g j protectus.
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Presentation Notes
The eggs are small pale structures laid on stalks. The stalks absorb fluids from the plant, and the egg will die if removed from the plant. Look for eggs on the leaves. You probably will need at least a hand lens, if not a microscope, to see the eggs well. It is not possible to determine the species of psyllid authoritatively from the eggs, but no other psyllid besides the potato psyllid is known to colonize solanaceous crops in the United States. 


Sources:
� Joseph Munyaneza, USDA/ARS and Susan Halbert, FDACS/DPI


Life cycle of the potato psyllid
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Presentation Notes
Nymphs are found on leaves (and sometimes under the calyx of fruit as mentioned previously). They are orange, green, or sometimes nearly colorless. They are flat and move slowly when disturbed.







Life cycle of the potato psyllid

e Adults

:
.....
.....
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Presentation Notes
Adults are about 1/8 inch long. The total life cycle from egg to adult takes about a month, depending on temperature. The left-hand photo shows a mating pair. The male is on the right. 

Source: 

Abdallah, N.M.M. 2008. Life history of the Potato Psyllid Bactericera cockerelli (Homoptera: Psyllidae) in Controlled Environment agriculture in Arizona. African Journal of Agricultural Research 3:60-67. Accessed 20 March 2012- http://www.academicjournals.org/ajar/pdf/pdf%202008/Jan/Abdullah.pdf. 





How to recognize
potato psvllids

Potato psyllid nymphs
and adults are found on
above-ground parts of

host plants.
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Presentation Notes
Potato psyllids are only found on the above-ground parts of host plants. 

Source: 

Susan Halbert, FDACS/DPI, measurements of FSCA specimens.


How to recognize
potato psvllids

Potato psyllids have a

distinctive pattern on the
back of their head.

pr—
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Presentation Notes
The pattern on the back of the head is distinctive. Look for a dark psyllid with light patterns, especially a light-colored raised rim around the top of the head. You will need a hand lens to see the pattern on the head of the psyllid.

Source: 

Susan Halbert, FDACS/DPI





How to recognize potato psyllids

e Slide mounted specimens required for
identification.

 Trained taxonomist required.

* Notify your local county extension agent.
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Presentation Notes
Further confirmation of identification is based on slide-mounted specimens. A trained taxonomist would look for specific characteristics in wing venation, the shape of head structures, and microscopic characters found on the male genetalia. Therefore, it is critical to notify your local county extension agent so they can advise you on how to collect the insects and assist in having them identified by a professional.

You are not likely to find other species of psyllids colonizing solanaceous crops such as potatoes, tomatoes, peppers, or eggplants. If you do, please inform your local Cooperative Extension Service, NPDN lab, or the state department of  agriculture. 

Source: 

Susan Halbert, FDACS/DPI


How to recognize potato psyllids:
Are there other similar species?

e There are many similar species of psyllids on
other plants.

e Psyllids found on other plants (not
solanaceous crops) should be given to a
trained taxonomist.
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Presentation Notes
There are many species of psyllids that can look very much like the potato psyllid, but they will not colonize solanaceous crops. If you find psyllids on other plants, contact your local county extension agent who can assist in getting samples to a trained taxonomist for identification.

Source: 

Susan Halbert FDACS/DPI


Other psyllids on solanaceous crops?

e |n Eurasia, South America, and Australia, there are
other species of psyllids on solanaceous crops.

e If you find psyllids on solanaceous crops, and they
do not look like the potato psyllid, notify your local
extension agent.

South American potato psyllid

) profectus.
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Presentation Notes
In the world, there are at least four species of psyllids that colonize solanaceous crops. One species ranges throughout Europe, into the Middle East and Central Asia. It looks very much like the potato psyllid and is in the same genus. Another species is found only in South America, and a third has been found so far only in Australia, where it colonizes eggplant, but not other solanaceous crop plants.

If you find psyllids on solanaceous crop plants, and they do not match the description of the potato psyllid, they should be submitted right away to your local country extension agent.

A photo of the South American potato psyllid is shown. Note the different patterns on the head and the different shape of the head and body.

Sources:

Burckhardt, D. 1987. Jumping plant lice (Homoptera: Psylloidea) of the temperate neo tropical region Part 1: Psyllidae (subfamilies Aphalarinae, Rhinocolinae, and Aphaloidinae). Zoological Journal of the Linnean Society 89: 299-392. (Russelliana on pages 365-end).

Hodkinson, I.D. 1981. Status and taxonomy of the Trioza (Bactericera) nigricornis Förster complex (Hemiptera: Triozidae). Bulletin of Entomological Research 71: 671-679.

Kent, D. and G. Taylor. 2010. Two new species of Acizzia Crawford (Hemiptera: Psyllidae) from the Solanaceae with a potential new economic pest of eggplant, Solanum melongena. Australian Journal of Entomology 49: 73-81. Accessed March 23, 2012- http://onlinelibrary.wiley.com/doi/10.1111/j.1440-6055.2009.00739.x/pdf 





Plant damage due to potato psyllids

Damage comes from:
— Direct feeding

— Transmission of plant pathogens
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Presentation Notes
Potato psyllids do direct damage as a result of feeding on the phloem. They also damage plants by transmitting plant pathogens. 


Direct damage from potato psyllids

e Known as “psyllid
vellows.”

e Observed for
decades.

e Plants recover when
psyllids are removed.

Psyllid yellows in ‘Atlantic’ potatoes.

()protectus.
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Presentation Notes
Damage to potato crops from potato psyllids is called “psyllid yellows.” It has been recorded in North America since the 1930s. In the absence of pathogens, the plants recover when psyllids are removed. 

Sources:
Munyaneza, J.E., Crosslin, J.M., and Upton, J.E. 2007. Association of Bactericera cockerelli (Homoptera: Psyllidae) with “zebra chip,” a new potato disease in southwestern United States and Mexico. J. Econ. Entomol. 100: 656-663.

Munyaneza, J.E., Goolsby, J.A., Crosslin, J.M., and Upton, J.E. 2007. Further evidence that zebra chip potato disease in the lower Rio Grande Valley of Texas is associated with Bactericera cockerelli. Subtropical Plant Sci. 59: 30-37.

Sengoda, V.G., J.E. Munyaneza, J.M. Crosslin, J.L. Buchman, and H.R. Pappu. 2010. Phenotypic and etiological differences between psyllid yellows and zebra chip diseases of potato. American Journal of Potato Research 87: 41-49.



Pathogen transmission

e Psyllids transmit
bacteria that cause
zebra chip disorder
In potatoes.

e Symptoms occur in
foliage and tubers.

Foliar symptoms of zebra chip disorder.
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Presentation Notes
The most serious problem associated with potato psyllids is that they transmit bacteria that cause zebra chip disorder in potatoes. This disease affects both the overall health of the plant and the quality of the tubers. 

The zebra chip bacteria also affect tomato and pepper plants, resulting in greatly reduced yield. 

Sources:

Liefting, L.W., B.S. Weir, S.R. Pennycook, and G. R. C. Clover. 2009. ‘Candidatus Liberibacter solanacearum’, a liberibacter associated with plants in the family Solanaceae. International Journal of Systematic and Evolutionary Microbiology 59:2274-2276.

Hansen, A.K., J. T. Trumble, R. Stouthamer, and T.D. Paine. 2008. A new huanglongbing (HLB) species, “Candidatus Liberibacter psyllaurous”, found to infect tomato and potato is vectored by the psyllid Bactericera cockerelli (Sulc). Appl. Environ. Microbiol. 74: 5862-5865.


What are bacteria?
Will zebra chip bacteria make me sick?

e Bacteria consist of single living cells.

 Some bacteria can cause diseases in plants,
and others cause diseases in animals.

e Bacteria are too small to see without a lot of
magnification.

e Zebra chip bacteria pose no health threat to
humans or pets.

( “jprotectus.
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Presentation Notes
There are many, many kinds of bacteria in the world. Some are well known for causing disease in humans and animals. Others cause disease in plants. Bacteria are tiny living things composed of single cells. They are much too small to see without great magnification. For best results, you would need an electron microscope to see them.

Zebra chip bacteria do not pose any health threat to humans or pets, but they are very hard on potato and tomato plants.

Source:
Joseph Munyaneza, USDA/ARS and Susan Halbert FDACS/DPI


More on zebra chip disorder

 Tubers harvested from infected plants present a
striped pattern when fried.
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Presentation Notes
Zebra chip disorder gets its name because afflicted potatoes develop a striped pattern when they are fried. This occurs because the starch and sugars do not form correctly in the potato. The sugars burn and turn dark. The dark parts also may taste burned. If a farmer was growing potatoes to sell to a factory that makes potato chips or fries, he or she would not be able to sell a harvested potato crop that was affected by zebra chip disorder. The disorder also affects table (fresh market) potatoes.

Source:

Crosslin, J.M., J. E. Munyaneza, J.K. Brown, and L.W. Liefting. 2010. A history in the making: Potato zebra chip disease associated with a new psyllid-borne bacterium – a tale of striped potatoes. Accessed June 21, 2012- http://www.apsnet.org/publications/apsnetfeatures/Pages/PotatoZebraChip.aspx. 
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Presentation Notes
Here are more photos of potato chips affected by zebra chip disorder. Chips from healthy potato plants are on the plate in the lower left.  Although potatoes affected by zebra chip disorder are undesirable in the commercial market and may not have the same taste, they will not make you sick if consumed. 



Zebra chip disease also affects fries

e Potatoes affected by zebra chip disorder are
unacceptable for chips or fries.

U protectus.
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Presentation Notes
Potatoes affected by zebra chip disorder are not acceptable for fries, because of the brown staining and stripes that develop when the potatoes are fried.



If my potato plant is sick, does it
have zebra chip disease?

e Solanaceous crops are subject to many
disorders and diseases.

 Without laboratory diagnosis, it is not possible
to confirm that the problem is due to zebra
chip disorder.

e |f you see potato psyllids, and your
solanaceous crops are suffering, consult your
local extension agent.
( “jprotectus.
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Presentation Notes
Solanaceous crops are subject to many diseases. In particular, they get many kinds of viruses, carried by aphids, whiteflies, and other insects. Without laboratory diagnosis, it is not possible to determine that you have zebra chip disease.

If you see potato psyllids, and your solanaceous crops are suffering, consult your local extension agent.

Source:
Joseph Munyaneza, USDA/ARS and Susan Halbert, FDACS/DPI


Potato psyllids are on the move!

e New Zealand in 2008.

e Not found in eastern
North America.

e Have been intercepted
in Florida.

U protectus.
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Presentation Notes
Potato psyllids and the zebra chip bacteria were detected in New Zealand in 2008, where the disease has caused terrible damage to production of solanaceous crops. 
As shown in the distribution map above, Eastern North America currently does not have potato psyllids, or zebra chip disease.  The darker blue represents areas were potato psyllids are found, lighter blue areas indicate where potato psyllids intermittently colonize solanaceous plants.
However, potato psyllids have been intercepted at the in Florida on peppers and eggplants from Mexico. One of the intercepted psyllids was tested and found positive for the zebra chip bacteria. 

Sources:

Crosslin, J.M., J. E. Munyaneza, J.K. Brown, and L.W. Liefting. 2010. A history in the making: Potato zebra chip disease associated with a new psyllid-borne bacterium – a tale of striped potatoes. Accessed 23 March 2012- http://www.apsnet.org/publications/apsnetfeatures/Pages/PotatoZebraChip.aspx. 

Liu, D.G., Trumble, J.T., and Stouthamer, R. 2006. Genetic differentiation between eastern populations and recent introductions of potato psyllid (Bactericera cockerelli) into western North America. Entomologia Experiemntalis et Applicata 118: 177-183.

Susan Halbert, FDACS/DPI (Florida interception information)





How do potato psyllids move?
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Presentation Notes
Potato psyllids will ride on living plants. An example would be seedlings of solanaceous crops that are sold for home gardeners via nurseries (top right photo). Potato psyllids also can ride on commercial shipments of fruit (like the eggplant shown in the top left photo).  For example, potato psyllids travel under the calyx of peppers or may colonize the skin of the pepper itself (see bottom photo). Potato psyllids will not infest potato tubers (edible potatoes) because these grow underground, and potato psyllids are only on the above-ground parts of the plants.



Management of potato psyllids

Cannot prevent disease transmission by
psyllids.

Contact local extension agent.

Follow standard pest management strategies.

( “jprotectus.
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Presentation Notes
Questions:
How do you control for the population?  Chemical?  Biological?  Cultural?  What about the diseases?  Is there anything you can do if you get any of the diseases that this pest can transmit? 

First, zebra chip disorder does not have a cure. Once a plant is infected, there is little you can do to make it recover. Management therefore necessarily must focus on prevention of infection in the first place.

There is little that homeowners can do to prevent disease transmission other than trying to prevent psyllids from colonizing the plants in their gardens. If infective psyllids arrive from neighboring gardens, there is no way to kill them fast enough to prevent transmission. Single psyllids can transmit the zebra chip bacteria in as little as 6 hours. With 20 psyllids, it only takes one hour.

Commercial farmers of various solanaceous crops have more options. Since the most effective measures and tools can vary by location, the best practice would be to call the local county extension agent.

In general, management should follow standard pest management guidelines. Some basic information follows.

Source:

Buchman, J.L., V.G. Sengoda, and J.E. Munyaneza. 2011. Vector transmission efficiency of liberibacter by Bactericera cockerelli (Hemiptera: Triozidae) in zebra chip potato disease: effects of psyllid life stage and inoculation access period. Journal of Economic Entomology 104: 1486-1495.




Monitoring

e |tis important to monitor potato fields for
psyllids.

e Use sweep nets and vacuum devices for adults.
e Use visual inspection for eggs and nymphs.

()protectus
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Presentation Notes
As is the case with any pest management program, monitoring for the pest is the initial step. Monitoring for the presence of adult potato psyllids can be done with sweep nets and vacuum devices. For nymphs and eggs, you have to scrutinize the leaves, preferably using a hand lens. The descriptions and photos in this presentation are designed to provide the information needed to visually monitor plants for eggs and nymphs in the field.

Source: 

Joseph Munyaneza, USDA/ARS


Sweep-netting for psyllids

e Use a very fine mesh net.

Do not beat the foliage — only
touch the tips of the leaves.

e Psyllids will be startled, and
their instinct is to jump — right
into the net!

e Use an aspirator to collect the
bugs. =
) protectus.
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Presentation Notes
Sweep-netting for psyllids is not done in the same way as sweep sampling for beetles and other larger insects. First, you need a net with a very fine mesh. These are available from various biological supply companies. Do not sweep through or beat the foliage. Only touch the tips of the leaves. The idea is to startle the psyllids. Their instinct is to jump when they are disturbed, and they will jump up into the net. Use an aspirator, also available from biological supply companies, to collect the psyllids from the net.

Source: 

Susan Halbert, FDACS/DPI, based on lessons in the field from Dr. Daniel Burckhardt, Naturhistorisches Museum, Basel, Switzerland.


Potato psyllid monitoring: sticky traps

Yellow sticky traps for
adults.

— Limited sensitivity to
low populations.

A psyllid pheromone is
being developed at
ARS-Wapato.
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Presentation Notes
Yellow sticky traps collect only adults, and they may not be an effective monitoring technique when populations levels are low. The advantages of yellow sticky traps are that they are cheap and widely available. A psyllid pheromone is being developed at ARS-Wapato. It could greatly increase the sensitivity of the traps.

Source: 

Joseph Munyaneza, USDA/ARS


Monitoring: visual inspections

Visual inspection of
leaves for eggs and
nymphs. -
— 100 leaves (10 from ;

10 locations along .
field perimeter). -

— Labor-intensive.

(s / ) protectus.
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Visual inspection of leaves is another way to monitor for psyllids. Depending on the number of leaves you scrutinize, this method might detect psyllids earlier than sticky traps. It is recommended that you sample at least 100 leaves, ten from each of ten locations along the edge of the field. Psyllids colonize the edges of the field first. This method is labor-intensive, but it is the only way to find nymphs and eggs.

Source: 

Joseph Munyaneza, USDA/ARS.


Cultural control

e Some research indicates that planting date can
make a difference in incidence of zebra chip
disorder.

() protectus

Photos: Joseph Munyaneza, USDA/ARS; Nightthree, Wikimedia Commons First Delectors Protecting U,S. from Pesis


Presenter
Presentation Notes
Research by Dr. Munyaneza and others suggests that planting date sometimes can make a difference in the incidence of zebra chip disorder. The details have not been worked out yet, but it is an active area of research. Consult your local county agent to see if this factor is important in your area.

Source: 

Joseph Munyaneza, USDA/ARS


Regulatory measures
e Movement of psyllids and pathogens prohibited.

e Seed testing and certification required in potato
producing states.

— http://www.nationalpotatocouncil.org/NPC/resources_seedag
en.cfm

\ { ) protectus.
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Presenter
Presentation Notes
There are two main regulatory topics that are relevant here. 

First, there are both Federal and State regulations that prohibit movement of potato psyllids and associated pathogens into areas where they do not already occur. Some of the pathways, including bedding plants and certain produce for sale, have been discussed already.

Second, there are seed testing and seed certification requirements in most potato producing states. These are important to ensure that a farmer who buys certified seed is getting pathogen-free seed pieces. Many potato diseases can be spread by planting infected seed. Zebra chip seems to be an exception to this rule. Recent research indicates that seed does not significantly contribute to zebra chip spread, as infected tubers generally do not sprout and, if they do, produce weak but disease-free plants. That said, it is still important to give the crop a clean start.
See http://www.nationalpotatocouncil.org/NPC/resources_seedagen.cfm for a list of state agencies that provide seed testing and certification services.

Sources: 
�National Potato Council. 2012.  Seed certification agencies.  Accessed June 25, 2012- http://www.nationalpotatocouncil.org/NPC/resources_seedagen.cfm.

Susan Halbert, FDACS/DPI 



Host plant resistance

e Most cultivars are susceptible to zebra chip disorder.

* Yield loss can be greater than 50%.
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Presentation Notes
So far, there are no known popular cultivars of potatoes that show resistance to zebra chip disorder at a commercially acceptable level. There is little literature on other solanaceous crops.

Source: 

Munyaneza, J.E., J.L. Buchman, V.G. Sengoda, J.W. Fisher, and C.C. Pearson. 2011. Susceptibility of selected potato varieties to zebra chip potato disease. American Journal of Potato Research 88: 435-440.


Biological control

e Generalist predators:
lady beetle
minute pirate bug
damsel bug

lacewing
e Parasitoid wasp: Tamarixia triozae.

It has yet to be determined whether these
natural enemies are effective at mltlgatmg

disease spread. (“9) ) protectus.
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Presentation Notes
There are a number of general predators and at least one parasite known to attack potato psyllids. What is not known is whether these natural enemies are useful at slowing the spread of zebra chip disorder. In general, for plant diseases spread by insects, attempts to manage disease through biological control of the insects has not worked very well.

There is little research so far on biological control of the pathogens.

Sources:

Joseph Munyaneza, USDA/ARS and Susan Halbert, FDACS/DPI

Butler, C.D. and J.T. Trumble.  2011.  New records of hyperparasitism of Tamarixia triozae (Burks) (Hymenoptera: Eulophidae) by Encarsia spp.  (Hymenoptera: Aphelenidae) in California.  The Pan-Pacific Entomologist 87(2): 130-133. Accessed  March 12, 2012- http://faculty.ucr.edu/~john/2011/Butler&Trumble_Pan_Pac_Ent_2011.pdf


Chemical control

e Most management in commercial potato
crops is dependent on chemical control.

See:
http://www.kimberly.uidaho.edu/potatoes/INFO.htm

http://www.potatoes.com/IPM-home.cfm%5C

e Consult your local extension agent for specific
recommendations for your area.

III.
-
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Presentation Notes
Currently, most management programs for zebra chip disorder depend heavily on chemical control of psyllids. Timing and choice of material is extremely important. Consult your local extension agent for specific recommendation for your area.

Source: Joseph Munyaneza, USDA/ARS
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Educational Disclaimer and Citation

e This publication can be used for non-profit, educational use
only. Photographers retain copyright to images contained in
this publication as cited. This material was developed as a
topic-based training module Protect U.S. The authors and
website should be properly cited. Images or photographs
should also be properly cited and credited to the original
source.
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