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Huanglongbing (HLB)

“Yellow dragon” or
“yellow shoot” disease

Dramatic “greening” on fruit

Image credits:
Tree: APS Compendium of Citrus Diseases 2" edition, used with permission
Fruit: Gottwald et al., used with permission
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Presenter
Presentation Notes
Huanglongbing (HLB) is the name officially recognized for the disease of citrus that we refer to more commonly as “greening”. Symptoms of the disease were mentioned in 1919 by Reinking but thought to be of little importance as a disease of citrus.  The symptoms were also described in India in 1927 by Hussian and Nath though in their paper, these were contributed to a “poison” injected by the Asian citrus psyllid, Diaphorina citri.  

In 1956, Lin Kung Hsiang published his paper in China calling the disease “yellow shoot disease”, or “huanglongbing” (“huang” meaning yellow, “long” meaning shoot, and “bing” meaning disease in Chinese).  However,  due to the local dialect spoken by the local farmers, “long” meant dragon.  Therefore the common name became “yellow dragon disease”.  This more dramatic name stuck while original name is not really used except in historical references.  This disease is also known as “mottle leaf” in the Philippines, “dieback” in India, “likubin” in Taiwan, and “vein phloem degeneration” in Indonesia.

The original name was based on a common symptom of infected trees, the appearance of chlorotic, or yellow, branches within the canopy of the tree. Greening, the name that has been more widely used for the disease, is the name given to the disease in South Africa. This name refers to the disease symptom of poorly colored (or “greened”) fruit.  In some parts of the world, the green is very obvious, but in the United States the green is less dramatic (it is paler in color).

Information citation:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.

Husain, M.A. and Dina Nath.  1927.  “The Citrus Psylla (Diaphorina citri, Kuw.) [Psyllidae: Homoptera]”.  Memoirs of the Department of Agriculture in India.  Volume X, No. 2, July.

Lin, K.H. 1956. “Observations on yellow shoot on citrus. Etiological studies of yellow shoot on citrus”. Acta Phytopathologica Sinica 2, 1-42.  

Jove, BM. 2006. Huanglongbing: A destructive, newly-emerging, century-old disease of citrus. Journal of Plant Pathology [J. Plant Pathol.]. Vol. 88, no. 1, pp. 7-37. online access - http://www.sipav.org/main/jpp/volumes/0106/010602.pdf



C‘n/tus Liberibacter africanus (68-75°F)
Candidatus Liberibacter americanus (68-75° F)
Candidatus Liberibacter asiaticus (68-90° F)
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Image credit: Y, rote‘ :i U s
Gottwald et al., used with permission .- . et

First Dedectors Protecting LLS, from Pesis


Presenter
Presentation Notes
HLB pathogens are suspected to be bacteria that reside in the phloem (or food-conducting tissues) of citrus trees and their relatives. Three Candidatus Liberibacter spp. have been identified in citrus, all causing similar symptoms. Candidatus Liberibacter asiaticus, the most widely distributed species, originated in Asia and now occurs throughout much of the warmer subtropical and tropical citrus producing regions of the world, including the Southeastern United States. This species has a wider range of temperature tolerance than the other two -Candidatus Liberibacter africanus, which originated in Africa, and Candidatus Liberibacter americanus, which has been reported only from Brazil.  

The Candidatus part of the name indicates that the bacterium have not been cultured (even though it was discovered in 1970).  This also explains the phrase “suspected to be a bacterium” mentioned earlier.  Because it has not been cultured, we have to use this phrase.  However, there is overwhelming but indirect evidence that these bacteria are the causal agents of HLB.

These bacteria specifically attack citrus and closely related plants and pose no threat to humans or animals.

These are all images of the same bacteria, just from different angles.

Information:
Jove, BM. 2006. Huanglongbing: A destructive, newly-emerging, century-old disease of citrus. Journal of Plant Pathology [J. Plant Pathol.]. Vol. 88, no. 1, pp. 7-37. Mar 2006.  online access: http://www.sipav.org/main/jpp/volumes/0106/010602.pdf   

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.

http://www.cdfa.ca.gov/phpps/acp/docs/usda/faq_citrus_greening.pdf 


Yellow shoots

(individual branches or sectors of the tree)

Image credits:
Right: APS Compendium of Citrus Diseases 2" edition, used with permission
Left: Gottwald et al., used with permission
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Presenter
Presentation Notes
One of the first visible symptoms of HLB is the appearance of “yellow shoots” on individual branches or sectors of a tree.  Other symptoms such as leaf drop on one side of the tree (or a single sparse branch usually in the inner most shoots of the tree) may also give an early indication of greening disease.  These symptoms may indicate other problems besides greening, however.  It is important to remember that symptoms may not be visible for several months or even years after the tree has become infected.


Information citations:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.

Susan Halbert – Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication.


Leaf halves are not mirror
Images of each other

Blotchy mottling that ext
across veins

protect us.

Image credits:

Top: Florida Department of Agriculture and Consumer Services, Division of
Plant Industry -
http://www.freshfromflorida.com/pi/chrp/greening/cgphotos.html

Right: Gottwald et al., used with permission
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Presentation Notes
Closer examination of the affected leaves of the “yellow shoots” reveal the characteristic yellow and green, asymmetrical blotchy mottling symptom, a pattern that is not restricted by the leaf veins. The pattern of mottling is not the same on the two halves of the leaves so that they are not mirror images of each other. This symptom show up in the inner most shoots first.  

Information citations:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.

Susan Halbert – Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication.

Jove, BM. 2006. Huanglongbing: A destructive, newly-emerging, century-old disease of citrus. Journal of Plant Pathology [J. Plant Pathol.]. Vol. 88, no. 1, pp. 7-37. Mar 2006.  online access: http://www.sipav.org/main/jpp/volumes/0106/010602.pdf

http://www.freshfromflorida.com/pi/chrp/greening/cgphotos.html

Zinc deficiency

Image credits:
Left: Gottwald et al., used with
permission

Right: Don Ferrin, LSU AgCenter
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Presenter
Presentation Notes
The HLB-bacteria apparently causes degradation of the phloem, disrupting the transport of nutrients within the tree. This disruption results in the expression of various symptoms commonly associated with nutrient deficiency (such as zinc deficiency, shown here).  However, with nutrient deficiency symptoms, the two halves of the leaf tend to mirror each other, and the chlorosis does not extend across the leaf veins.  


Information citations:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases , 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.

Halbert, Susan and Keremane L. Manjunath.  2004.  “Asian Citrus Psyllids (Sternorrhyncha: Psyllidae) and Greening Disease of Citrus: A Literature Review and Assessment of Risk in Florida”.  Florida Entomologist, Volume 87, No.3.   
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Presenter
Presentation Notes
If the addition of nutrients to the tree does not alleviate the symptoms, then citrus greening might be a suspect. 

Information citation:
Susan Halbert – Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication.



Thickening of
veins
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Beth Grafton-Cardwell, Kearney Agricultural Research and
Extension Center, University of California
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Presentation Notes
Depending on the variety of citrus, leaf symptoms may also include pronounced thickening of the veins.

Information citations:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.



“Greening” of

Reduction in fruit size, fruit are
bitter, green color may be pale or

dramatic
Left images: Gottwald et al., used with permission
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Presentation Notes
HLB symptoms also include a marked reduction in the size and quality and quantity of the fruit (as the diseased fruit usually falls off the tree). Fruit from infected trees are smaller, fail to color up properly at maturity (uneven ripening) and the juice can have a very bitter taste.  You usually see fruit that is green on the bottom and orange on the top.  The green color may not be as dramatic in the United States as it is on other parts of the world.  In fact, it can be a pale to medium color green.  Most of the fruits with severe symptoms drop from the tree and never make it to the processing plant.  



Information citations:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.

Susan Halbert – Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication.


http://www.freshfromflorida.com/pi/chrp/greening/cgphotos.html

Lopsided sections

Image credit:
Gottwald et al., used with permission

Orange-brown staining
of columella

Death of seeds
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Presentation Notes
When fruit from infected trees are cut in half, three additional symptoms may be observed. Individual sections within the fruit may be lopsided, an orange-brown staining may be visible in the columella (the columnlike structure forming the central axis of the fruit), and the seeds may die and be aborted.     

Information citations:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.




Defoliation, fruit drop, twig dieback and
reduction in the health and vigor of the tree

Click here for a video that reviews citrus greening
symptoms. —
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Image credit:
Gottwald et al., used with permission
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Presentation Notes
Trees infected with HLB exhibit a pronounced and rapid decline in vigor and productivity.  Initially this may involve premature defoliation and fruit drop as well as twig and branch dieback.  This can result in the death of the tree, usually within 3 to 5 years after infection, depending on the initial age and health of the tree.  All ages and all known varieties of citrus (and many citrus relatives) are susceptible to huanglongbing disease.  The incubation period for the disease can be long and variable.   

Information citations:

Garnier, M., and Bové, J.M. 2000. Huanglongbing (Greening). Pages 46-48 in: Compendium of Citrus Diseases, 2nd ed. L.W. Timmer, S.M. Garnesy and J.H. Graham, eds. APS Press, St. Paul, MN. 

Gottwald, T. R., da Graça, J. V., and Bassanezi, R. B. 2007. Citrus Huanglongbing: The pathogen and its impact. Online. Plant Health Progress doi:10.1094/PHP-2007-0906-01-RV.

http://www.cdfa.ca.gov/phpps/acp/docs/usda/faq_citrus_greening.pdf

http://www.youtube.com/user/protectingusnow

Management of HLB

There is no known cure for an infected tree.

Because this disease resides in the vascular tissue of
the tree, there is a high risk of disease transfer by
certain insects such as the Asian citrus psyllid.

These particular insects go from tree to tree consuming
the plant sugars contained in the phloem tissue. In the
process, they can and do transmit the disease from one
plant to another.

In managing the disease, the monitoring and control of
this vector is extremely important in preventing the
spread of the disease to new areas. { i pl'Oi'eC'f US.
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Presenter
Presentation Notes
The only truly reliable way to manage HLB is to prevent its introduction into an area.  Once it has become established, it is virtually impossible to eradicate. Management currently relies on slowing the spread of the pathogen by controlling its insect vector and removing infected trees as soon as they are detected.  Monitoring for signs of the vector thus becomes crucial in the management of this disease.   

Information citation:
Hummel N.A. and Don Ferrin.  “Pest Alert: Get the facts about citrus greening (or Huanglongbing)”.  Louisiana State University Agricultural Center.  Publication 3079.  July 2008
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Presenter
Presentation Notes
The Asian citrus psyllid (ACP) was originally described from Taiwan and is native to tropical and subtropical Asia.  However, its distribution has expanded over the last century to include Saudi Arabia, Central and South America, and the Caribbean basin.  It has been present in Florida since 1998 and Texas since 2001.  As of October 2010, it also was found in Louisiana, Georgia, Alabama, Mississippi, South Carolina, Hawaii, Arizona, and California.  In addition, it has been reported from American Samoa, Guam and the Northern Marianas islands, Puerto Rico, and the U.S. Virgin Islands.  

As of March 2011, in the U.S. and its territories, the disease that it vectors, has spread so far only to Florida, Louisiana, Georgia, South Carolina, Puerto Rico, and the U.S. Virgin Islands.  

Probably the disease and its psyllid vector came in to Florida as a result of illegal importation of plants and plant material such as budwood.  Safeguards are currently in place to slow or prevent the spread of this disease from states that currently have it to other citrus producing states such as Texas, Arizona, and California where it does not occur.  However, the continuing threat of it being independently introduced to these states is worrisome.

For example, according to a study in 2010, Asian citrus psyllids that tested positive for greening bacteria were collected off of seven loaded trailers of oranges inspected at 2 processing plants in Hendry County, Florida.  That means that as the trucks were driving to the processing plant from the orchard of origin, they carried with them not only the fruit but ACP that were positive for the greening bacterium thus allowing for dispersal of ACP and greening disease to other areas.  Florida already has citrus greening, so these findings are not that troublesome.  However, the implication of this report for those states that do not have citrus greening already is frightening.  In 2007 and 2008, 48,786 shipments of Mexican citrus fruit came across the border into the United States (including California, Texas, and Arizona).  Though there are no interception records for ACP, Mexico does have citrus greening as well as ACP.  As of August 2010, the disease has been reported in Yucatan, Quintana Roo, Jalisco, Nayarit, Campeche, Sinaloa, and Colima.  What are the odds of a shipment of citrus from Mexico carrying ACP that is positive for greening coming into one of the citrus producing states where the disease does not already occur?

In addition, ACP can also come in or be transported to a new area through trade in citrus trees and their relatives for home landscapes (i.e. garden centers).  This applies to mail order trade in plants as well.  People who purchase a citrus plant or one of their relatives from a roadside stand when visiting an ACP or greening quarantined area can also move the disease and its vector.  
 
Information citation:
http://www.aphis.usda.gov/plant_health/plant_pest_info/citrus_greening/index.shtml

http://www.aphis.usda.gov/publications/plant_health/content/printable_version/faq_citrus_greening.pdf  

http://www.tradejunction.apeda.com/MarketReport/jul_aug_2010/Mexico%208-19-2010.pdf  

Halbert, Susan E., Keremane L. Manjunath, Chandrika Ramadugu, Matthew W. Brodie, Susan E. Webb, and Richard F. .Lee.  2010.  “Trailers Transporting Oranges to Processing Plants Move Asian Citrus Psyllids”.  Florida Entomologist, Volume 93, No.1.  

http://ucanr.org/freepubs/docs/8205.pdf

Halbert, Susan E. and Carmelo A. Nunez.  2004.  “Distribution of the Asian Citrus Psyllid, Kuwayama (Rhynchota: Psyllidae) in the Caribbean Basin”.  Florida Entomologist, Volume 87, No. 3.  

http://entnemdept.ufl.edu/creatures/citrus/acpsyllid.htm

http://www.aphis.usda.gov/plant_health/plant_pest_info/citrus_greening/downloads/pdf_files/nationalquarantinemap.pdf
http://www.aphis.usda.gov/plant_health/plant_pest_info/citrus_greening/downloads/pdf_files/nationalquarantinemap.pdf

Asian Citrus Psyllid
Diaphorina citri

Wings held at 45°angle to leaf/stem
v - Black tips on
Pattern on wings - - ) ) antennae
Red eyes : |
T S

Image credits:
Lyle Buss, University of Florida
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Presentation Notes
The Asian citrus psyllid, Diaphorina citri Kuwayama (Hemiptera: Psyllidae), is a phloem-feeding insect that can acquire the HLB bacteria by feeding on an infected plant as 4th and 5th instar nymphs or as adults.  It is thought that the bacteria multiply in the psyllid once introduced though in recent research, adults who tested positive for the bacteria lost transfer effectiveness over time if they fed on non-infected plants.  It was also noted in the research that if adults acquired the bacteria as an adult (vs. a nymph), the bacteria did not reproduce in their system and they did not transmit the disease to the tree.  That same study, however, indicated that in nymphs who acquire the bacteria, the bacteria does multiply and when they become an adult, they can transfer the bacteria quite easily.  Transmission of the bacteria from parent to offspring has also been demonstrated in research though the transference rate is low.  

Adult citrus psyllids rest on the leaf at a 45 degree angle which is due to the shape of the head and the location of its piercing, sucking mouthpart.  The wings have a dark brown and white mottled pattern (white on the interior, dark along the margins).  Adults measure 2-3mm in length, while late-instar nymphs are slightly smaller at around 2mm in length.  The adults have black-tipped antennae.  Both adults and nymphs have red eyes.  These last characteristics are hard to see without magnification.

It is interesting to note that feeding by adults and nymphs can cause curling of leaves similar to but different from aphid, thrips, or leafminer damage.  This is a symptom to look for when monitoring for HLB in addition to the psyllid itself.  Asian citrus psyllid also cause characteristic notching on the edges of the leaves.  The damage remains for the life of the leaf, so it is possible to see that the psyllids have been present even after they are gone.      

Information citation:
Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf

http://www.doacs.state.fl.us/pi/enpp/ento/dcitri.htm

Pelz-Stelinski, K.S., R.H. Brlansky, T.A. Ebert, and M.E. Rogers.  2010.  “Transmission Parameters for Candidatus Liberibacter asiaticus by Asian Citrus Psyllid (Hemiptera: Psyllidae)”.  Journal of Economic Entomology, Volume 103, No. 5.    

Inoue, H., J. Ohnishi, T. Ito, K. Tomimura, S. Miyata, T. Iwanami, and W. Ashihara.  2009.  Enhance Proliferation and Efficient Transmission of Candidatus Liberibacter asiaticus by adult Diaphorina citri after Acquisition Feeding in Nymphal Stage”.   Annals of Applied Biology, 155, pp. 29-36. 

Hummel N.A. and Don Ferrin.  “Pest Alert: Get the facts about citrus greening (or Huanglongbing)”.  Louisiana State University Agricultural Center.  Publication 3079.  July 2008
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Adults are 2-3mm in length
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Presentation Notes

Information citation:
Hummel N.A. and Don Ferrin.  “Pest Alert: Get the facts about citrus greening (or Huanglongbing)”.  Louisiana State University Agricultural Center.  Publication 3079.  July 2008



Asian citrus psyllid
nymphs
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Presenter
Presentation Notes
Nymphs develop through five instars and measure 0.25 to 1.7mm in length.  You can usually recognize them by their bright yellow-orange color and red eyes.  As each instar matures, they tend to darken and develop a tan or brown color pattern.  Their bodies have a greenish tint just before they molt to become adults.


Information 
http://entnemdept.ufl.edu/creatures/citrus/acpsyllid.htm  

Susan Halbert – Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication.



Mature nymphs are almost 2mm
in length

oS

{ "jprofectus.

L

e

First Detectors Frofecting LLS. fom Pests


Presenter
Presentation Notes
Information 
http://entnemdept.ufl.edu/creatures/citrus/acpsyllid.htm  



Waste product
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Image credit: Lyle Buss, University of Florida



Presenter
Presentation Notes
Late instar nymphs will have large wing pads.  Sometimes nymphs are confused with scale insects; however, psyllids will move when they are disturbed, whereas scales (except for the crawlers which describes early instar scales) tend to stay put.



Information citation:
http://entnemdept.ufl.edu/creatures/citrus/acpsyllid.htm

Susan Halbert – Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication.
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Presenter
Presentation Notes
Nymphs also exude an interesting curled waxy tubule with a bulb at the end.  The purpose of this is to protect the nymph from drowning in its own honeydew.  Since this type of tubule is unique to the Asian citrus psyllid, it is a sign of its presence.  You can also see the different instar nymphs (the orange objects) on this heavily infested plant.   

Being able to detect the signs of Asian citrus psyllid as well as the insect itself is key to preventing the spread of this disease.   

Information citation:
http://entnemdept.ufl.edu/creatures/citrus/acpsyllid.htm



Eggs laid by the Asian Citrus Psyllid
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Image credit: Lyle Buss, University of Florida
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Presentation Notes
Eggs are laid on new flush growth, generally along the tip of the flush. They are first pale yellow then gradually turn yellow to orange before hatching into nymphs.



Life Cycle

Adults live 1-2

Nymphs
mature into mo.
adults ACP lay eggs

on new flush

Can complete a
new generation
with every flush,
(16-49 d) up
to 30 /yr

Eggs hatch
into nymphs

Image credit: Natalie Hummel, LSU AgCenter st Detecions: FIOIGCg LS. Trom Fests


Presenter
Presentation Notes
Adult ACP are attracted to the flushing leaf tissue (when the leaves break bud and begin growing) and will deposit eggs among the tiny new leaves.  A single female can lay from 500 to 800 eggs in her lifetime.  Understanding the connection between flushing and oviposition is critical to developing an effective management plan because flush cycles determine ACP population fluctuations.  Ideally, you need to control the adults before a flush to prevent oviposition in the first place.  At the very least, you would want nymphs that fed on an infected tree not to become adults which could move to another tree that was not infected.   

Nymphs hatch from eggs in four to seven days – depending on the temperature.  Nymphs then mature through five nymphal instars before developing into an adult.  The entire lifecycle requires 16 to 49 days for completion, depending on the temperature.  It is possible to complete up to 30 generations (one entire lifecycle) in a single year, if flushing material is present continuously.   

Information citation:
http://ccpp.ucr.edu/news/PsyllidbrochureAug05.pdf  

Tsai, James H. and Ying Hong Liu.  2000.  “Biology of Diaphorina citri (Homoptera: Psyllidae) on Four Host Plants”.  Journal of Economic Entomology, Volume 93, No. 6.

Inoue, H., J. Ohnishi, T. Ito, K. Tomimura, S. Miyata, T. Iwanami, and W. Ashihara.  2009.  Enhance Proliferation and Efficient Transmission of Candidatus Liberibacter asiaticus by adult Diaphorina citri after Acquisition Feeding in Nymphal Stage”.   Annals of Applied Biology, 155, pp. 29-36. 
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Presentation Notes
Asian citrus psyllid is not the only vector of HLB or citrus greening.  Another psyllid, Trioza erytreae (del Guercio), the African citrus psyllid, also can transmit HLB pathogens from tree to tree.  This species of psyllid has only been found in South Africa and currently is NOT found in the United States.    

The African citrus psyllid does not tolerate high temperatures well.  It prefers cool, moist environments whilst D. citri can survive in hot and dry environments.  

Dodder (Cuscuta spp.), a parasitic plant, has also been used in laboratory experiments to transmit greening pathogens.

Information citation:
Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A Preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf

Garnier, Monique and Joseph M. Bové.  1983.  “Transmission of the Organism Associated with Citrus Greening Disease from Sweet Orange to Periwinkle by Dodder”.  Phytopathology 73: 1358-1363.

Zhou, L.J., D.W. Gabriel, Y.P. Duan, S.E. Halbert, and W.N. Dixon.  “Disease Notes: First Report of Dodder Transmission of Huanglongbing from Naturally Infected Murraya paniculata to Citrus”.  Plant Disease, Volume 91, No. 2.
  

http://www.bugwood.org/
http://www.bugwood.org/
http://www.bugwood.org/
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Image credits:

Brown citrus aphid: Louisiana Department of Agriculture and Forestry

Citrus black fly: Division of Plant Industry (Florida), www.bugwood.org, #5194005

Citrus white fly, black citrus aphid and Asian citrus psyllid images: Lyle Buss, University of Florida



Presenter
Presentation Notes
Being able to identify the Asian citrus psyllid from other citrus pests is critical.  All of these are pests that can be found on citrus, but only one is the Asian citrus psyllid.

Brown citrus aphid – Toxoptera citricida  (Kirkaldy)
Adults are small, pear shaped, shiny black, with long antennae that has conspicuous stripes (on segments I, II and III), and two tail like projections (siphunculi or cornicles) coming of the abdomen.  The wings have a brown patch along the margin of the lower part of the wing.  This species is currently found only in Florida.     

Black citrus aphid – Toxoptera aurantii (Boyer de Fonscolombe) 
Adults are small, pear shaped, dull black, with long antennae and legs that are conspicuously striped, and two tail like projections (siphunculi or cornicles) coming of the abdomen.  The wings have a black patch along the margin of the lower part of the wing.  This species is currently found in Alabama, Arizona, California, District of Columbia, Florida, Georgia, Hawaii, Louisiana, Maryland, New York, North Carolina, Oregon, Texas, and Washington.    

Citrus blackfly – Aleurocanthus woglumi Ashby
Adults resemble tiny moths with wings that are held rooflike over the body.  The wings do not come together over the body, but instead leave a space between them (you can see the abdomen and thorax underneath).  On emergence, the adults have a pale yellow head, whitish legs, and reddish-brown eyes.  Within 24 hours, it is covered in a wax powder that gives it a slate blue appearance.  The wings have a white band across them.  They are usually found on the underside of leaves.  This species is a native of southeast Asia, but has been found in Texas, Florida, and Hawaii.

Citrus whitefly – Dialeurodes citri (Ashmead)
Adults resemble tiny moths with wings that are held rooflike over the body.  The wings do not come together over the body, but instead leave a space between them (you can see the abdomen and thorax underneath). They are white to cream in color with dark eyes.  They are usually found on the underside of leaves. This species is a native of India, but has been found in Alabama, California, Colorado, Texas, Florida, Georgia, Illinois, Louisiana, Mississippi, North Carolina, South Carolina, Virginia, and Washington, D.C.

These differ from Asian citrus psyllid (ACP) adults in that ACP adults have brown and white patterned wings held above the body in a tent-like posture (no space between the wings).  Psyllids do not have cornicles (or siphunculi – which the aphids have), long antennae or long legs.  Both males and females have several different abdominal color phases.  The physiological basis for these colors is not well understood.  The feeding position also is unique to ACP among the citrus pests featured here.


Information citations:
http://entnemdept.ufl.edu/creatures/citrus/bc_aphid.htm
http://edis.ifas.ufl.edu/ch055
http://edis.ifas.ufl.edu/ch058
http://entnemdept.ufl.edu/creatures/citrus/citrus_blackfly.htm
http://www.entomology.umn.edu/cues/inter/inmine/Whitefe.html
http://edis.ifas.ufl.edu/in241
http://insects.tamu.edu/fieldguide/aimg96.html
http://ucanr.org/freepubs/docs/8205.pdf   

Wenninger, Erik. J. and David G. Hall.  2007.  “Daily Timing of Mating and Age at Reproductive Maturity in Diaphorina citri (Hemiptera: Psyllidae)”.  Florida Entomologist Volume 90, No.4.

Stotzel, Manya B. 1994.  “ Aphids (Homoptera: Aphididae) of Potential Importance on Citrus in the United States with Illustrated Keys to Species.”  Proceedings of the Entomological Society of Washington, Volume 96, No. 1, pp. 74-90  

http://www.eppo.org/QUARANTINE/insects/Aleurocanthus_woglumi/ALECWO_ds.pdf
http://entnemdept.ufl.edu/creatures/citrus/citrus_whitefly.htm

http://www.bugwood.org/
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citrus black fly nymph

Image credits:

Asian citrus psyllid nymph - Lyle Buss,
University of Florida

Green scale nymph - Jeffrey W. Lotz, Florida
Department of Agriculture and Consumer
Services, www.bugwood.org, #5385208

citrus whitefly nymph and citrus blackfly nymph
— Florida Division of Plant Industry Archive,
www.bugwood.org, #5194033 and #5194011
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Presentation Notes
Being able to identify the Asian citrus psyllid from other pests on citrus is critical.  All of these are pests that can be found on citrus, but only one is the Asian citrus psyllid.

Green scale nymph – Coccus viridis (Green)
Nymphs are oval, flat, and yellowish green in color with six short legs.  It is currently found in Florida 

citrus whitefly nymph - Dialeurodes citri  (Ashmead)
Nymphs are flattened, oval, translucent in outline, lacking legs and antennae.  The color of the leaf shows through the translucent outline often making it difficult to see the nymph. This species is a native of India, but has been found in Alabama, California, Colorado, Texas, Florida, Georgia, Illinois, Louisiana, Mississippi, North Carolina, South Carolina, Virginia, and Washington, D.C.  

citrus blackfly nymph - Aleurocanthus woglumi Ashby
Nymphs are flattened, oval in shape, dull black, with patches of yellow and spines.  The pupal stage is oval and shiny black with a fringe of white wax around the margin. This species is a native of southeast Asia, but has been found in Texas, Florida, and Hawaii. 

Asian citrus psyllid nymphs are yellow to yellow brown (maybe with a greenish tinge just before molting) with red eyes.

Added Information citation:
http://edis.ifas.ufl.edu/ch058
http://edis.ifas.ufl.edu/in241
http://insects.tamu.edu/fieldguide/aimg96.html  
http://edis.ifas.ufl.edu/in436

Ben-Dov, Yair.  1993.  A Systematic Catalogue of the Soft Scale Insects of the World.  Flora and Fauna Handbook No. 9, Sandhill Crane Press, Inc.  

http://www.eppo.org/QUARANTINE/insects/Aleurocanthus_woglumi/ALECWO_ds.pdf
http://entnemdept.ufl.edu/creatures/citrus/citrus_whitefly.htm

http://www.bugwood.org/
http://www.bugwood.org/
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Image credits:
Right: Stephanie Stocks, University of Florida
Left: Forest & Kim Starr, U.S. Geological Survey, www.bugwood.org, #5420227
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Presentation Notes
The most common hosts for Asian citrus psyllid are citrus species, but they also feed and reproduce on Citropsis sp. (cherry orange) and Murraya.  Murraya paniculata, orange jasmine (or jessamine), is a preferred host of Asian citrus psyllids.  It is also a host for citrus greening pathogens.  If you have orange jasmine growing near a citrus planting in an infested area, it is recommended that you remove the plants.  They can serve as a serious harborage of insects and disease.  The host range of various strains of greening seems to be variable.  It cannot be assumed that any species of citrus or citrus relative is immune to citrus greening. 

The unrestricted sale of orange jasmine in the plant trade and the fact the Asian citrus psyllid and the HLB pathogen are found in association with this plant contributes to the spreading of D. citri and citrus greening to uninfected areas.  The plant itself seems to be asymptomatic (without symptoms) for greening.  

For a complete list of plants that harbor HLB, click on the LIST OF HLB HOST PLANTS link on this page:  http://www.doacs.state.fl.us/pi/chrp/greening/cgmaps.html or go to http://www.doacs.state.fl.us/pi/chrp/greening/hostlist.pdf.


Information citation:
Hummel N.A. and Don Ferrin.  “Pest Alert: Get the facts about citrus greening (or Huanglongbing)”.  Louisiana State University Agricultural Center.  Publication 3079.  July 2008

Zhou, L.J., D.W. Gabriel, Y.P. Duan, S.E. Halbert, and W.N. Dixon.  2007.  “First Report of Dodder Transmission of Huanglongbing from Naturally Infected Murraya paniculata to Citrus”.  Plant Disease Volume 91, No. 2.

Damsteegt, V.D., E.N. Postnikova, and A.L. Stone.  2010.  “Murraya paniculata and Related Species as Potential Hosts and Inoculum Reservoirs of Candidatus Liberibacter asiaticus, Causal Agent of Huanglongbing”. Plant Disease, Volume 94, No. 5. 
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" Click here and here for videos of how to scout for
Asian citrus psyllids.
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Image credits: Stephanie Stocks, University of Florida U ;
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Presentation Notes
Both adults and nymphs feed and are found on tender new growth including leaves and stems.  This is where the females will lay their eggs, so monitoring the flush for the presence or sign of Asian citrus psyllid is important.

It is also important to note that the nymphs of the Asian citrus psyllid are quite small.  Look for the waxy tubules discussed earlier when going through the folded leaves of the new growth.  You will probably be able to see the waxy tubules before you notice the nymphs themselves.


 Information citation:
Arevalo, H.A., J.A. Qureshi, and P.A. Stansly, 2010.  “Sampling for the Asian citrus psyllid (ACP) in Florida citrus groves”.  Univeristy of Florida – IFAS – EDIS publication. http://edis.ifas.ufl.edu/in867

Stephanie Stocks – personal observation

http://www.youtube.com/user/protectingusnow
http://www.youtube.com/user/protectingusnow

Scouting for Asian citrus psyllid
aduhs

CW here to view the stem tap tec nlque and click
here to view the results of the stem tap technlque.

- proteci Us.

T b Ly = =k}

Image credits: Stephanie Stocks, University of Florida
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Presentation Notes
To sample for adult psyllids, use the stem-tap technique.  To do this, you hold a laminated sheet of paper one foot under the branch and tap the branch with a length of PVC pipe three times to dislodged the ACP.  The insects can be counted easily before they jump away.  Be sure to disinfect the PVC pipe between tappings to avoid spreading citrus canker.  

In addition, immature stages (eggs and nymphs)  may visually be monitored on expanding flush shoots.


Information citations:

Qureshi, Jawwad A. and Philip A. Stansly.  2007.  “Integrated Approaches for Managing the Asian Citrus
Psyllid Diaphorina citri (Homoptera: Psyllidae) in Florida”.  Proceedings of the Florida State Horticultural Society,  120, pp. 110-115.

Arevalo, H.A., J.A. Qureshi, and P.A. Stansly, 2010.  “Sampling for the Asian citrus psyllid (ACP) in Florida citrus groves”.  Univeristy of Florida – IFAS – EDIS publication. http://edis.ifas.ufl.edu/in867



http://www.youtube.com/user/protectingusnow
http://www.youtube.com/user/protectingusnow

Management of Asian citrus psyllid
* |[PM options

— Chemical control

e control adults before and between flushes, before they lay their eggs
— Requires constant monitoring during growing season

— Also done during the winter, at least once (at the end of the season or
more importantly before the first leaf flush in the spring)

e Rotation of insecticide classes is essential to avoid resistance

— Cultural control
e Scouting and cutting infected trees
e Removing overwintering hosts
e Clean budwood
e Click here to find out about upcoming micronutrient research

— Biological control _
e Specialists prOteCf Us.

e Generalists 2
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Presentation Notes
Several options are available to help control ACP populations in the long term as eradication is not possible at this point.  These long term options are referred to as Integrated Pest management (IPM) solutions and include chemical control, cultural control, and biological control.

Chemical control - In nonbearing trees, there are more options for chemical use.  Soil-applied systemic insecticides will provide the longest lasting control of psyllid without impacting beneficial arthropods that may feed on the psyllids.  There are two insecticide active ingredients to look for when treating for psyllids: imidacloprid and thiamethoxam.  

Imidacloprid and thiamethoxam are both neonicotinoid insecticides (both are a nicotine based insecticide, therefore they have the same MOA) which can be applied as either soil-drench (most effective) or foliar applications.  Formulations using imidacloprid and thiamethoxam are available both commercially and for the homeowner.  Imidacloprid is only effective in smaller trees.  In bearing trees, the choices for chemical control are more restricted.  Always check with your local extension agent before applying any chemical as they may require application by a certified pesticide applicator. 

The best (and most important) time to spray is during the winter, when females cannot lay their eggs due to lack of flushing material and the population is at its lowest level.  In areas that also experience winter leaf drop, the foliar spray applied can actually get to the interior of the crown more easily at this time.  This can be combined with other winter pesticide applications to control pests such as citrus rust mite.  Be sure to rotate the mode of actions (MOA) for the insecticides that you use to avoid selecting for resistance  In addition, make sure to adjust the pH of the water as some insecticides are less affective in high alkaline or acid conditions.

After that winter treatment, monitoring for adult ACP during the growing season should be done every two weeks using the stem tap method (discussed previously).  In addition, observing flush growth and monitoring for the damage caused by ACP immatures to flush growth is also important.  These techniques will let you know if you have an increasing population of ACP (adults and immatures) and when to apply more pesticides.  Monitoring protocols for large scale farms for both adults and immatures should require at least 100 samples per block divided into 5 stops on the perimeter and 5 in the interior.

Cultural control - Removing overwintering hosts of ACP such as orange jessamine is an important cultural control for citrus greening.  Removing infected trees is also important in controlling the disease.  If you are a farmer, working with homeowners that have citrus trees  or their relatives in their yards will have to be included in a management plan because ACP will move from tree to tree.  An orchard that controls for ACP will become reinfested if the other orchards around him or homeowners with citrus trees in their yard do nothing.

Cultural control also includes beginning with citrus stock that is certified as being free from greening pathogens.  For example, Florida has a program (Bureau of Citrus Registration) that protects budwood stock from greening and other pathogens by keeping them in greenhouses and distributing it to registered nurseries only for multiplication purposes.

There is also research that is being conducted on the efficacy of nutritional material to prolong the life of the fruit trees after they become infected.  This will probably be partnered with other types of psyllid control.    

Biological control also helps in managing Asian citrus psyllid populations.  Biological control is the use of predators or diseases (sometimes introduced from the pest’s native range) to control pest populations. Though there are biological control agents of Asian citrus psyllids, none of them decrease the ACP populations enough to make an appreciable difference. 

There is one natural enemy which is a specialist on Asian citrus psyllid:  
Tamarixia radiata (Waterston) (Hymenoptera: Eulophidae).  This wasp is considered to be a biological control specialist.

There also are several biological control generalists for Asian citrus psyllid:
5 species of Coccinellidae beetles: Cycloneda sanguinea (L.) (native species that is being displaced by H. axyridis), Harmonia axyridis (Pallas) (native to Asia), Olla v-nigrum (Mulsant) (native species), Curinus coeruleus (Mulsant) (introduced for biological control), and Exochomus childreni Mulsant (native).

4 species of spider: Hibana velox (Becker) (Anyphaenidae), Cheiracanthium inclusum (Hentz) (Clubionidae), Hentzia palmarum (Hentz) (Salticidae) and Oxyopes sp. (Oxiopidae).

1 species of Hoverfly: Allograpta obliqua (Say) (Diptera: Syphidae)



Information citation:

Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A Preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf

Michaud, J.P. and L.E. Olsen.  2004.  “Suitability of Asian citrus psyllid, Diaphorina citri, as prey for ladybeetles”.  Biocontrol, Volume 49, pp. 417-431.

http://ipm.ifas.ufl.edu/agriculture/citrus/asian.shtml
http://www.texascitrusgreening.org/files/CG_Action_Plan.pdf  
http://edis.ifas.ufl.edu/in858  
http://edis.ifas.ufl.edu/in668
http://edis.ifas.ufl.edu/in686

Gottwald, Tim R.  2010.  “Current Epidemiological Understanding of Citrus Huanglongbing”.  Annual Review of Phytopathology Volume 48, No. 6.

Halbert, Susan and Keremane L. Manjunath.  2004.  “Asian Citrus Psyllids (Sternorrhyncha: Psyllidae) and Greening Disease of Citrus: A Literature Review and Assessment of Risk in Florida”.  Florida Entomologist 87(3), September.   

Susan Halbert – Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication.

http://www.freshfromflorida.com/onestop/plt/budwood.html
http://npic.orst.edu/factsheets/imidagen.pdf
http://www.epa.gov/oppsrrd1/REDs/aldicarb_red.pdf
Catharine Mannion, University of Florida, IFAS, Tropical Research and Education Center, ppt presentation titled - Neonicotinoid Insecticides for Ornamentals: The Good, Bad and Ugly

http://www.texascitrusgreening.org/files/CG_Action_Plan.pdf

Arevalo, H.A., J.A. Qureshi, and P.A. Stansly, 2010.  “Sampling for the Asian citrus psyllid (ACP) in Florida citrus groves”.  Univeristy of Florida – IFAS – EDIS publication. http://edis.ifas.ufl.edu/in867 

Qureshi, Jawwad A. and Philip A. Stansly.  2010.  “Dormant season foliar sprays of broad-spectrum insecticides: An effective component of integrated management for Diaphorina citri (Hemiptera:Psyllidae)
in citrus orchards”.  Crop Protection, 29, pp. 860-866.

Sétamou M., D. Rodriguez, R.R. Saldana, G. Schwarloze, D. Palrang, and S. Nelson. 2010. “Efficacy and uptake of soil-Applied imidacloprid in the control of Asian citrus psyllid and a citrus leafminer, two foliar-feeding citrus pests”. Journal of Economic Entomology 103 (5): 1711-1719 .



Biological control specialist:
Tamarixia radiata

Tamarixia radiata in an Asian citrus psyllid nymph and exit holes.
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Presentation Notes
Tamarixia radiata is a wasp parasitoid of Asian citrus psyllid that is native to Asia and India and has been introduced into Florida (on purpose) and Texas (by accident).  This wasp is known to feed on nymphs of ACP as well as laying their eggs on them (thus parasitizing them).  This parasitism kills the nymph as well.

Another wasp, Diaphorencyrtus aligarhensis (Shafee, Alam, Agarwal) (Hymenoptera: Eulophidae) was also introduced into Florida, but does not seem to have become established. 


Information citations:

Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf  

http://ipm.ifas.ufl.edu/agriculture/citrus/asian.shtml

http://www.texascitrusgreening.org/files/CG_Action_Plan.pdf  

http://edis.ifas.ufl.edu/in858
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beetles "
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Cycloneda sanguinea
Spotless lady
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Cycloneda sanguinea and Olla v-nigrum adult (top, right): Lyle Buss, University of Florida
Olla v-nigrum adult and larvae (bottom right): Peter J. Bryant

Olla v-nigrm
Ashy gray ladybird beetle
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Presentation Notes
Cycloneda sanguinea adult and Olla v-nigrum adult and larvae (with color variations) are both native species that feed readily on Asian citrus psyllid nymphs and are found around citrus groves. Cycloneda sanguinea is found in the southern United States along the coast from southern California across to Florida and up to Virginia. Olla v-nigrum is found across all of the United States except Maine and most of Washington and Oregon.   

Information citation:
Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A Preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf

Michaud, J.P. and L.E. Olsen.  2004.  “Suitability of Asian citrus psyllid, Diaphorina citri, as prey for ladybeetles”.  Biocontrol, Volume 49, pp. 417-431.  

Qureshi, Jawwad A. and Philip A. Stansly.  2007.  “Integrated Approaches for Managing the Asian Citrus
Psyllid Diaphorina citri (Homoptera: Psyllidae) in Florida”.  Proceedings of the Florida State Horticultural Society,  120, pp. 110-115.

http://bugguide.net/node/view/8744
http://bugguide.net/node/view/8874






Biological control generalists:
beetles

Harmonia axyridis
Multicolored Asian lady beetle adult showing variation in pattern and larvae

Click here and here for a video that discusses the importance of lady
beetles as a control of ACP populations.

U protectus.

Adults: Louis Tedders, USDA Agricultural Research Service, www.bugwood.org, #0908098
Larvae: Gerald J. Lenhard, Louisiana State University, www.bugwood.org, #0014068
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Presentation Notes
Harmonia axyridis adults with color and spot variations (left) and larvae (right).  These are not native (they are from Asia) and are outcompeting the native Cycloneda sanguinea (Spotless lady).  They will, however, readily feed on Asian citrus psyllids and are also found around citrus groves.  This species is found throughout the United States.
   
Information citation:
Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A Preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf

Michaud, J.P. and L.E. Olsen.  2004.  “Suitability of Asian citrus psyllid, Diaphorina citri, as prey for ladybeetles”.  Biocontrol, Volume 49, pp. 417-431.

Qureshi, Jawwad A. and Philip A. Stansly.  2007.  “Integrated Approaches for Managing the Asian Citrus
Psyllid Diaphorina citri (Homoptera: Psyllidae) in Florida”.  Proceedings of the Florida State Horticultural Society,  120, pp. 110-115.

http://entnemdept.ufl.edu/creatures/beneficial/multicolored_asian_lady_beetle.htm



http://www.youtube.com/user/protectingusnow
http://www.youtube.com/user/protectingusnow
http://www.bugwood.org/
http://www.bugwood.org/

Biological control generalists:
beetles

Curinus'coeruleus
Metallic blue lady beetle

Exochomus childreni

Left Forest & Kim Starr, Starr Environmental, www.bugwood.org, #5219057
Right: Lyle Buss, University of Florida
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Presentation Notes
Curinus coeruleus (Mulsant) (left) was introduced for biological control in 1953, however, it was unsuccessful.  Sometime over the next several years after that failed attempt, it was detected in southern Florida.  It is native to Mexico.  

Exochomus childreni Mulsant (right) is native to the southern United States and has 2 subspecies: childreni (known from Florida) and guexi (known from Texas and Louisiana).


Information citation:
Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A Preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf

Michaud, J.P. and L.E. Olsen.  2004.  “Suitability of Asian citrus psyllid, Diaphorina citri, as prey for ladybeetles”.  Biocontrol, Volume 49, pp. 417-431.

Qureshi, Jawwad A. and Philip A. Stansly.  2007.  “Integrated Approaches for Managing the Asian Citrus
Psyllid Diaphorina citri (Homoptera: Psyllidae) in Florida”.  Proceedings of the Florida State Horticultural Society,  120, pp. 110-115.

Gordon, R.D. 1985. The Coccinellidae (Coleoptera) of America north of Mexico. Journal of the New York Entomological Society 93: 1-912
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Hentzia palmarum

Biological control generalists:

spid

Cheiracanthium inclusum
Black footed yellow sac
spider

ers

| bxyopeslsp. ,
lynx spider

Image credits:

Hibana velox: Lyle Buss, University of Florida

Cheiracanthium inclusum: Joseph Berger, www.bugwood.org,
#5370388

Hentzia palmarum: David Cappaert, Michigan State University,
www.bugwood.org, #2146029

Oxyopes sp.: Joseph Berger, www.bugwood.org, #5386064
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These spiders have been observed feeding directly on Asian citrus psyllid nymphs in Florida citrus groves.     

Hibana velox (Anyphaenidae) occurs in the southeastern U.S. from Texas across to North Carolina.  Hentzia palmarum (Salticidae) occurs in the eastern U.S. from Maine to Florida, across to Minnesota, and down to Texas.  Cheiracanthium inclusum (Miturgidae) occurs in all but the most northern parts of the U.S.  Thirteen species of Oxyopes (Oxyopidae) occur in the U.S.  This genus has representatives found all across the continental U.S.

Because spiders are predators of pretty much any insect, having a healthy population of spiders in general could help aid in the control ACP populations.


Information citation:
Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf  

http://www.pestvictoria.com/Spider%20Guide-Wegner-BASF.pdf  

Richman, David B.  1989.  “A Revision of the Genus Hentzia (Araneae, Salticidae)”. Journal of Arachnology 17:285-344.    

http://kaston.transy.edu/spiderlist/anyphen.htm

Edwards, R. J. 1958. The spider subfamily Clubionidae of the United States, Canada and Alaska (Araneae: Clubionidae). Bulletin of the Museum of Comparative Zoology 118: 365-436.

Ubick, D., P. Paquin, P.E. Cushing, and V. Roth.  2005.  Spiders of North America: An Identification Manual.  Published by the American Arachnological Society.  

http://www.bugwood.org/
http://www.bugwood.org/
http://www.bugwood.org/

Biological control generalists:
hoverfly

protectus.

Image credits: COMMLNITimvasve speces. network

Allograpta obliqua adult: Susan Ellis, www.bugwood.org, #1366030
Allograpta obliqua larvae: James Price, University of Florida First Detecfors: Frofecting LS. from Pests
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The larvae of the hover fly, Allograpta obliqua (Say) (Diptera: Syrphidae), have been observed feeding on Asian citrus psyllid nymphs.  This species is found across the U.S. and in Hawaii.  The image above shows the adult and the larvae.

Information citation:
Michaud, J.P.  2002.  “Biological Control of Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Psyllidae) in Florida: A preliminary Report”.  Entomological news 113(3):216-222, May and June 2002.  web access - http://swfrec.ifas.ufl.edu/hlb/database/pdf/00000239.pdf

http://www.bugwood.org/

Management of Asian citrus psyllid in
organic production

e Qils, kaolin clay, and pyrethrin based products
— Different treatments target different life stages

— In Florida they spray on a weekly basis

e Treatment needs to coincide with other citrus
groves in the area (even if they are not organic)

(") protectus.
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Organic orchards have Pyrethrin based products, kaolin clay, and various oils (neem, petroleum, botanical) they can use to combat the psyllid.  It is optimal to treat one to two days before insecticides will be applied in neighboring conventional groves.  Asian citrus psyllids exhibit dispersal behavior in response to kaolin clay and oil applications.  Therefore, if they disperse to groves that are treated with conventional applications, population control is more effective.  It is best to treat all groves in an area at the same time to prevent the psyllid from moving from one grove to another.  A second treatment is usually made within two weeks of the initial treatment to control any residual adult psyllids in the organic orchard.  Double check with the National Organic Standards as to what oils and pyrethrins are allowed in an organic grove. 

Oils will not provide residual insecticide control of adults, and for this reason, it is recommended to scout ten to twelve days after the first spray and reapply when necessary.  Scientists in Texas have found some control with Neem and Kaolin clay.  Kaolin clay can act as a repellent for oviposition and is used to protect the flush, however, this product must be applied fairly constantly which may make it undesirable to use.

Pyrethrin based products affect both nymphal and adult stages but have no long-term residual activity. 

Homeowners have access to these chemicals for treatment of ACP in their home landscape. 

Information citation: 
http://www.aphis.usda.gov/plant_health/plant_pest_info/citrus_greening/downloads/pdf_files/twg/Psyllid%20Area%20Wide%20Control2.09.09.pdf   

http://www.texascitrusgreening.org/files/CG_Action_Plan.pdf


Review

Click here for a video that reviews ACP and
the symptoms of greening disease.

(_)protectus
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http://www.youtube.com/watch?v=2ytGqDOS0bw

If you suspect citrus greening...

* Or if you think you have an infestation of Asian

citrus psyllids, you should contact your local
county extension agent.

— http://www.csrees.usda.gov/Extension/

 They can contact the appropriate agencies (such
as the National Plant Diagnostic Network) to help
identify the disease or the insect in question and
make recommendations as to what to do next.

— www.npdn.org

* Homeowners, we need your help, too!
Jprofecius.
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Monitoring for citrus greening and the Asian citrus psyllid needs to be done not only by farmers, but by homeowners as well.  Citrus trees and their relatives are planted in the home landscape.  These plants can be reservoirs for ACP populations as well as the bacterium that causes greening (especially if they are not part of the management effort) which can spread to commercial fields.  

http://www.csrees.usda.gov/Extension/
http://www.npdn.org/

Future work

Click fr 7 vi'deo on some of the futr rk
planned to manage citrus greening. —

IMyASIVE SDas.
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Work on developing resistant citrus varieties are underway as is work on nutrient management strategies as a way for the plant to tolerate the disease (though this will not cure the plant with greening).

Additional efforts on trying to culture the bacteria are also being looked at.  Should the bacteria be cultured, much more work can be done to find a way to stop the disease.


Information sources:

http://www.ajol.info/index.php/ajb/article/viewFile/62112/50151

http://www.youtube.com/user/protectingusnow

Additional information resources

* USDA

— http://www.aphis.usda.gov/plant health/plant pest info/citrus gree
ning/index.shtml

e For various states and territories of the U.S. that grow citrus:

— Arizona
e http://www.azda.gov/psd/acp.htm

— California
e http://www.cdfa.ca.gov/phpps/acp/

e http://www.californiacitrusthreat.org

— Florida
e http://www.doacs.state.fl.us/pi/chrp/greening/citrusgreening.html

e http://www.citrusgreeningtraining.org/

— Hawaii
e http://hawaii.gov/hdoa/pi/ppc/npa-1/npa06-01-ACP.pdf

(") protectus.
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http://www.aphis.usda.gov/plant_health/plant_pest_info/citrus_greening/index.shtml
http://www.aphis.usda.gov/plant_health/plant_pest_info/citrus_greening/index.shtml
http://www.azda.gov/psd/acp.htm
http://www.cdfa.ca.gov/phpps/acp/
http://www.californiacitrusthreat.org/
http://www.doacs.state.fl.us/pi/chrp/greening/citrusgreening.html
http://www.citrusgreeningtraining.org/
http://hawaii.gov/hdoa/pi/ppc/npa-1/npa06-01-ACP.pdf

Additional information resources

For states and territories of the U.S. that grow citrus (cont’d):

— Louisiana

e http://www.lsuagcenter.com/en/crops livestock/crops/citrus/asian citrus
psyllid and greening disease/

— Texas

e http://www.agr.state.tx.us/agr/main render/0,1968,1848 28009 0 0,00.
html?channelld=28009

e http://www.texascitrusgreening.org/

Other sources of information:

— http://saveourcitrus.org/

— http://www.citrusgreening.org/

— http://cisr.ucr.edu/citrus greening.html

— http://swfrec.ifas.ufl.edu/entomology/extension/hlb/

() protectus.
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http://www.lsuagcenter.com/en/crops_livestock/crops/citrus/asian_citrus_psyllid_and_greening_disease/
http://www.lsuagcenter.com/en/crops_livestock/crops/citrus/asian_citrus_psyllid_and_greening_disease/
http://www.agr.state.tx.us/agr/main_render/0,1968,1848_28009_0_0,00.html?channelId=28009
http://www.agr.state.tx.us/agr/main_render/0,1968,1848_28009_0_0,00.html?channelId=28009
http://www.texascitrusgreening.org/
http://saveourcitrus.org/
http://www.citrusgreening.org/
http://cisr.ucr.edu/citrus_greening.html
http://swfrec.ifas.ufl.edu/entomology/extension/hlb/

Questions?

e For more information, check out
WWW.protectingusnow.org

* You can also contact:

— Stephanie D. Stocks, University of Florida,
sstocks@ufl.edu

— Amanda Hodges, SPDN, University of Florida,
achodges@ufl.edu

) profect us.
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Educational Disclaimer and Citation

e This presentation can be used for educational
purposes for NON-PROFIT workshops,
trainings, etc.

e Citation:

— Hummel, Natalie and Don Ferrin. 2011. The Asian
Citrus Psyllid & Huanglongbing. Updated
December 2011. accessed (add the date) —
WWW.protectingusnow.org.
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Our Partners

Much of the authorship of e-learning content has occurred through partnerships. Some
of our partnering organizations have included:
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http://www.ipmcenters.org/
http://www.ipmcenters.org/
http://www.ipmcenters.org/
http://www.aphis.usda.gov/
http://www.aphis.usda.gov/plant_health/plant_pest_info/pest_detection/pestlist.shtml
http://www.aphis.usda.gov/plant_health/plant_pest_info/pest_detection/pestlist.shtml
http://eden.lsu.edu/Pages/default.aspx
http://eden.lsu.edu/Pages/default.aspx
http://nationalplantboard.org/index.html
http://nationalplantboard.org/index.html
http://nationalplantboard.org/index.html
http://nationalplantboard.org/index.html
http://www.bugwood.org/
http://www.bugwood.org/
http://www.bugwood.org/
http://www.bugwood.org/
http://www.bugwood.org/
http://www.bugwood.org/
http://www.npdn.org/
http://www.npdn.org/
http://www.dhs.gov/index.shtm
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