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Bagrada bug

e Native to Africa, India,
and Asia

 First detected in the
Western Hemisphere in

southern coastal
California in 2008

A known pest of
cruciferous crops
(Brassicaceae) wherever
It occurs.
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Presenter
Presentation Notes
Bagrada hilaris  (Burmeister) is a plant-feeding stink bug that was recently introduced into the United States.  It is native to Africa, India, and Asia  where it is known by various names, including bagrada bug, painted bug, or harlequin bug (not to be confused with the harlequin bug Murgantia histrionica, which is native to Mexico and Central America).  Since the early 1900s, B. hilaris has been reported as an important pest of cruciferous crops (Brassicaceae), particularly in India and Pakistan. Before its arrival in the United States, the most recent problems have occurred in Africa, while India also has suffered occasional outbreaks. Its presence has also been reported in southern Europe (specifically the island of Pantellaria in Italy), Australia, the Middle East, and Southeast Asia .

In the United States, it was first detected in Los Angeles County, California  in 2008.  It has since spread throughout southern and central California and Arizona and has been found in New Mexico, Nevada, Utah, Texas and northern Mexico. 

To date this new pest has caused significant economic damage to cole crop production in the desert southwest.  Reports  from Yuma, Arizona and the Imperial Valley of California estimated 90% of the broccoli acreage planted in 2010 to 2012 was infested by B. hilaris, resulting in stand losses and plant injury exceeding 10% in direct-seeded crops. 


Information sources:

Arakelian, G. 2010. Bagrada bug, Bagrada hilaris. accessed 15 May, 2014 
https://cisr.ucr.edu/bagrada_bug.html 

Halbert, S. E., and J. E. Eger. 2010. Bagrada bug (Bagrada hilaris) (Hemiptera:Pentatomidae) an exotic pest of Cruciferae established in the western USA. Pest Alert, Florida Department of Agriculture and Consumer Services, Division of Plant Industry. Accessed 15 May, 2014 
http://www.freshfromflorida.com/ content/download/23898/486239/bagrada-bug-pest-alert.pdf 

Hill, D. 1983. Agricultural insect pests of the tropics and their control. Cambridge University Press, Cambridge. 516 p. 

Natwick,E., J. Palumbo and S. Dara. 2013. Bagrada Bug in Agriculture. University of California, Agriculture and Natural Resources, Cooperative Extension, UCIPM Online. Accessed 15 May, 2014. 
http://www.ipm.ucdavis.edu/EXOTIC/bagradabuginag.html

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Palumbo, J. C. 2013.   Impact of the Bagrada Bug on Desert Cole Crops from 2010 - 2012: A Survey of PCA and Growers. The University of Arizona Vegetable IPM Updates.  Accessed May 14, 2014
http://cals.arizona.edu/crops/pdfs/052913%20Bagrada%20Bug%20Survey_2013_Report.pdf 

Perring, T.M., D. Reed, J.C. Palumbo, T. Grasswitz, C.S. Bundy, W. Jones, M. Pappas, and T. Royer . 2012. Bagrada Bug, Bagrada hilaris (Burmeister) Family Pentatomidae. USDA-NIFA, National Pest Alert, 2 pp., accessed 15 May, 2014 
http://www.ncipmc.org/alerts/bagradabug.pdf

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007
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Presenter
Presentation Notes
First identified in Los Angeles County, California in 2008, this pest was first found causing economic damage to commercial cole crop production in the southwestern desert growing regions of California and Arizona in 2009.  

The geographic distribution of this bug has expanded eastward, and by 2012, it was found across southern regions of California, Arizona, Nevada, Utah, New Mexico, and northwestern Mexico wherever brassicaceous plants (wild mustards and cultivated cole crops) were found.  By 2013, it had spread into the agricultural central valley and central coastal regions of California and into west Texas. It appears to have become established in most of these areas.

Most recently (2014) bagrada bugs have been reportedly found attacking broccoli and cabbage plants in the northeastern Mexican state of Coahuila (S. Sanchez, personal comm.).  

Given it’s propensity to feed on crops and weeds in the mustard family (Brassicaceae) throughout the desert and coastal regions of California, the pest has the potential to spread to other cole crop growing regions throughout the southern U.S., Mexico and Central America.  In Florida, it has been intercepted in shipments coming from California (S. Halbert, personal comm.)


Information sources:
        
Arakelian, G. 2010. Bagrada bug, Bagrada hilaris. accessed 15 May, 2014 
https://cisr.ucr.edu/bagrada_bug.html 

Bundy, C. S., T. R. Grasswitz, and C. Sutherland. 2012. First report of the invasive stink bug Bagrada hilaris (Burmeister) (Heteroptera: Pentatomidae) from New Mexico, with Notes on its Biology. Southwestern Entomologist 37: 411–414.

Natwick,E., J. Palumbo and S. Dara. 2013. Bagrada Bug in Agriculture. University of California, Agriculture and Natural Resources, Cooperative Extension, UCIPM Online. Accessed 15 May, 2014. 
http://www.ipm.ucdavis.edu/EXOTIC/bagradabuginag.html

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Perring, T.M., D. Reed, J.C. Palumbo, T. Grasswitz, C.S. Bundy, W. Jones, M. Pappas, and T. Royer . 2012. Bagrada Bug, Bagrada hilaris (Burmeister) Family Pentatomidae. USDA-NIFA, National Pest Alert, 2 pp., accessed 15 May, 2014 
http://www.ncipmc.org/alerts/bagradabug.pdf

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007




Host Range

e The bagrada bug primarily attacks plants in the family Brassicaceae
 Important crop hosts include broccoli, cauliflower and cabbage

e Weed hosts include London rocket and Indian mustard

e Ornamental hosts include stock and sweet alyssum

e (Can survive on some grasses (corn and Sudan grass )
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Presentation Notes
Bagrada hilaris has become a serious pest of cole crops grown during fall and winter in the desert valleys of southern California and Arizona. The bagrada bug primarily attacks plants in the family Brassicaceae where it feeds on a number of weeds and cultivated mustards. Nymphs and adults have been found feeding on all known commercial brassicaceous cultivars grown in Arizona and California including:

arugula, Eruca sativa 
broccoli, Brassica oleracea (Italica group)
brussels sprouts, B. oleracea (Gemmifera group)
cabbage, B. oleracea (Botrytis group)
canola, B. napus
cauliflower, B. oleracea (Capitata group)
collards, B. oleracea (Botrytis group)
red mustard, B. juncea var. rugosa 
green mustard, B. juncea var. rugosa
kale, B. oleracea (Acephala group)
kohlrabi, B. oleracea var. gongylodes 
mizuna, B. juncea (japonica group)
napa cabbage, B. rapa var. pekinensis
radish, Raphanus sativus var. sativus 
turnip, B. rapa (Rapa group)

It also been found feeding on a number of brassicaceous weeds such as: 
London rocket, Sisymbrium irio 
shepherd’s purse, Capsella bursa-pastoris 
Sahara, Brassica tournefortii 
Shortpod, Hirschfeldia incana 
and various other mustard sp. 

Bagrada hilaris has become increasingly problematic in residential areas and commercial ornamental nurseries in southern California.  Many ornamental plants, such as candytuft (Iberis spp.), stock (Matthiola spp.), and sweet alyssum (Lobularia  maritima), have been damaged by bagrada bug adults and nymphs.

In the U.S., in the absence of brassicaceous crop and weed hosts, bagrada bugs can survive for extended periods of time on grasses such as field corn (Zea mays), sweet corn (Zea mays), Sudan grass (Sorghum bicolor v. sudanense), Piper and Bermuda grass (Cynodon dactylon).  It can also survive on other plant hosts such as artichoke (Cynara scolymus), common groundsel (Senecio vulgaris), sunflower (Helianthus annuus), cowpea (Vigna unguiculata), cotton (Gossypium sp.), cheeseweed (Malva parviflora),  and vetch (Vicia sp.).  (T. Perring, unpublished data).   

In other countries, it has been reported on artichokes (Cynara cardunculus var. scolymus), capers (Capparis spinosa), potatoes (Solanum tuberosum), cotton (Gossypium hirsutum), peas (Pisum sativum) and other legumes, wheat (Triticum sp.), rice (Oryza sativa), and coffee (Coffea sp.).


Information sources:

Arakelian, G. 2010. Bagrada bug, Bagrada hilaris. accessed 15 May, 2014 
https://cisr.ucr.edu/bagrada_bug.html 

Bealmear, S., P. Warren and K. Young. 2012. Bagrada Bug: A New Pest for Arizona Gardeners.  University of Arizona Cooperative Extension AZ1588. accessed May 14, 2014.
http://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1588.pdf 

Daiber, K. C. 1992. Insects and nematodes that attack cole crops in Southern Africa—a research review. Journal of Plant Diseases and Protection 99: 430–440.

Hill, D. 1983. Agricultural insect pests of the tropics and their control. Cambridge University Press, Cambridge. 516 p. 

Huang, T., D.A. Reed, T.M. Perring, and J.C. Palumbo.  2014. Host selection behavior of Bagrada hilaris (Hemiptera: Pentatomidae) on commercial cruciferous host plants. Crop Protection 59: 7-13. 

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Palumbo, J. C. 2013.   Impact of the Bagrada Bug on Desert Cole Crops from 2010 - 2012: A Survey of PCA and Growers. The University of Arizona Vegetable IPM Updates.  Accessed May 14, 2014
http://cals.arizona.edu/crops/pdfs/052913%20Bagrada%20Bug%20Survey_2013_Report.pdf 

Perring TM, Reed DA, Palumbo JC, Grasswitz T, Bundy CS, Jones W, Royer T. 2013. National Pest Alert: Bagrada bug Bagrada hilaris (Burmeister) Family Pentatomidae. 2012. USDA-NIFA Regional IPM Centers. http://www.ncipmc.org/alerts/bagradabug.pdf. (accessed May 14, 2014)

Reed, D.A.,  J.P. Newman, T. M. Perring,  J.A. Bethke, and J. N. Kabashima. 2013.  Management of the Bagrada Bug in Nurseries, accessed May 14, 2014. 
http://cisr.ucr.edu/pdf/uc_ipm_bagrada_bug_nurseries.pdf













Identification: Eggs
1 )

\.

proieci Us.

CIMITILENEEY ! iMvasive Species ne

Image credits: John Palumbo and Ta-I Huang, University of Arizona
First Detectors Frotecting LLS, from Pests


Presenter
Presentation Notes
Eggs can be laid on the undersides of leaves, on stems, and in loose soil. Eggs are not commonly observed on plants in commercial fields.

Unlike many stink bugs, bagrada bugs do not lay its eggs in large contiguous masses, but rather singly or in small groups of 5 to10 eggs.  They measure 1 to 1.5mm in diameter.  

Newly laid eggs are opaque  white, and as they mature, the egg color turns from white to cream to pink to red. Recent studies have shown that B. hilaris females deposit many of their eggs in the soil.  It also appears that she buries them as well which is unique in stink bugs.  


Information sources:

Bundy, C. S., T. R. Grasswitz, and C. Sutherland. 2012. First report of the invasive stink bug Bagrada hilaris (Burmeister) (Heteroptera: Pentatomidae) from New Mexico, with Notes on its Biology. Southwestern Entomologist 37: 411–414.

Hill, D. 1983. Agricultural insect pests of the tropics and their control. Cambridge University Press, Cambridge. 516 p. 

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007

Singh, H., and V. S. Malik. 1993. Biology of painted bug (Bagrada cruciferarum). Indian Journal of Agricultural Science 63: 672–674.

Taylor, M.E., Bundy, C.S. and McPherson, J.E. 2014. Unusual ovipositional behavior of the stink bug Bagrada hilaris (Hemiptera: Pentatomidae).  Annals of the Entomological Society of America. 
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Presentation Notes
Newly hatched and molted nymphs of any instar appear bright red or orange, and, within hours, the head, thorax, and legs turn dark brown or black. 

There are five nymphal instars.  Early instars (N1 and N2) have predominately red abdomens.  In later instars,  the abdomen takes on a striking appearance with a mixture of red-orange, black, and white markings, and wing pads on fifth instar nymphs are black. 

All nymphal instars are very mobile and can be found walking on plant and soil surfaces.  They can often be found aggregating on plants or soil beneath plant.


Information sources:

Bundy, C. S., T. R. Grasswitz, and C. Sutherland. 2012. First report of the invasive stink bug Bagrada hilaris (Burmeister) (Heteroptera: Pentatomidae) from New Mexico, with Notes on its Biology. Southwestern Entomologist 37: 411–414.

Hill, D. 1983. Agricultural insect pests of the tropics and their control. Cambridge University Press, Cambridge. 516 p. 

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007

Singh, H., and V. S. Malik. 1993. Biology of painted bug (Bagrada cruciferarum). Indian Journal of Agricultural Science 63: 672–674.
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Presentation Notes
Adult males and females are identical in appearance, measuring 4 to 6 mm, with the female being larger. 

The dorsum of the adults is mostly black with distinctive orange and white markings.  Although known in the Old World as the harlequin bug, it is much smaller than the Harlequin bug we are familiar with in the U.S.  (which is Murgantia histrionica) and has distinctly different markings, though similar coloration.  The images above show the similarities of the bagrada bug and the harlequin bug, however, in the image in the lower left, you can see the distinct size difference.  

Adults are commonly found mating and positioned end-to-end.  Greenhouse trials have shown that females feed on leaves for longer durations than males.  

Bagrada bugs overwinter in the adult stage. Mating pairs frequently are observed on plants during warm days and it remains reproductive throughout the winter. 

Adults are very mobile, walking rapidly on soil surfaces and on plants.  When inhabiting plants, the adults are very sensitive to leaf movements and vibrations.  When plants are disturbed, they often feign death and fall to the soil surface or immediately walk away.  They are not considered strong fliers with short-distance flights (3 to 5m) having been observed in the field.


Information sources:

Bundy, C. S., T. R. Grasswitz, and C. Sutherland. 2012. First report of the invasive stink bug Bagrada hilaris (Burmeister) (Heteroptera: Pentatomidae) from New Mexico, with Notes on its Biology. Southwestern Entomologist
37: 411–414.

Hill, D. 1983. Agricultural insect pests of the tropics and their control. Cambridge University Press, Cambridge. 516 p. 

Huang, T-I., D. A. Reed, T. M. Perring, and J. C. Palumbo. 2013. Diel activity and behavior of Bagrada hilaris (Burmeister) (Hemiptera: Pentatomidae) on desert cole crops. Journal of Economic Entomology 106: 1726–1738

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007

Singh, H., and V. S. Malik. 1993. Biology of painted bug (Bagrada cruciferarum). Indian Journal of Agricultural Science 63: 672–674.
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Presentation Notes
Bagrada bug is a warm season pest.  It reaches its highest population abundance when temperatures are warm to hot.  The entire life cycle, egg to adult, can take from about 37 days at a constant temperature of 24°C (75°F), but only about 16 days at 35°C.  Based on a minimum developmental threshold of 18.8°C (65° F), the average total developmental time requires 168 degrees days.

Stage	Mean Days of Development (24oC)	Mean Days of Development (35oC)
Egg		6.4 days			3.0 days
1st instar		3.9 days			1.7 days
2nd instar		5.6 days			2.4 days
3rd instar		5.6 days			2.1 days
4th instar		6.2 days			2.8 days	
5th instar		8.8 days			3.5 days

Total		36.5 days			15.5 days

Females are often seen mating a short time after they become adults and have a pre-ovipositional period of 2.5 to 4.5 days depending on temperature, and lay an average of 100–200 eggs. On average, adults live for about 4 weeks, but in recent studies individuals have been observed to survive for 3 months under greenhouse conditions (T. Perring, unpublished data).  


Information sources:

Hill, D. 1983. Agricultural insect pests of the tropics and their control. Cambridge University Press, Cambridge. 516 p. 

Huang, T-I., D. A. Reed, T. M. Perring, and J. C. Palumbo. 2013. Diel activity and behavior of Bagrada hilaris (Burmeister) (Hemiptera: Pentatomidae) on desert cole crops. Journal of Economic Entomology 106: 1726–1738

Palumbo, J. C. 2013.   Impact of the Bagrada Bug on Desert Cole Crops from 2010 - 2012: A Survey of PCA and Growers. The University of Arizona Vegetable IPM Updates.  Accessed May 14, 2014
http://cals.arizona.edu/crops/pdfs/052913%20Bagrada%20Bug%20Survey_2013_Report.pdf 

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Reed, D. A., C. May, T. Lewis, and T. M. Perring. 2011. Effects of temperature and host plant on development, fecundity and longevity of the stink bug, Bagrada hilaris. Poster presented at the 59th Annual Meeting of the Entomological Society of America, 13-16 November 2011, Reno, NV.

Reed, D.A. 2012.   Bagrada Bug (Bagrada hilaris): Serious Invasive Pest of Cole Crops and Mustard Greens.  Accessed May 14, 2014.
http://cisr.ucr.edu/pdf/bagrada-bug-capca-handout-sept-19-2012.pdf

Singh, H., and V. S. Malik. 1993. Biology of painted bug (Bagrada cruciferarum). Indian Journal of Agricultural Science 63: 672–674.



Seasonal Distribution and
Landscape Ecology

Sudan grass Bermuda grass Cotton

protectus.

COMTITILERE gsmnve SpPeCke: 5 netw

Image credits: John Palumbo, University of Arizona
First Detectors Frotecting LLS, from Pests


Presenter
Presentation Notes
Bagrada bug is considered a warm season pest.  In the desert southwest, it reaches its highest population abundance on cole crops in early fall (September to October) when temperatures average around  85 to 90°F (30°C).

Bagrada bug numbers are lowest during winter (January to February), but can rapidly increase during spring and summer because of the insect’s ability to use weedy mustards as hosts. This is particularly true for production regions in coastal California. 

Recent host-switching studies (T. Perring, unpublished) have shown that bagrada adults can survive long periods on non-Brassica hosts: 	
> 90 days on artichoke, sunflower, cotton
> 60 days on groundsel, watermelon, Bermuda grass
> 30 days on Sonchus, cowpea, vetch, cheeseweed, corn, and Sudan grass

In addition, some non-brassica hosts have been shown to support multiple bagrada bug generations on vetch, Sudan grass, bluegrass, Bermuda grass, and corn.  Generation times were longer for these alternative host than on Brassica hosts.

Bagrada bug readily reproduces on brassica host crops after feeding on non-brassica hosts such as vetch, Sudan grass, bluegrass, bermuda grass, and corn. 

This host switching ability for both feeding and reproduction means that if these alternative crops are located near cole crop fields, there could be a continuous bagrada bug population year round.  When the cole crop is planted, it could be infested immediately with bagrada bugs. It is important to note that economic feeding damage to these crops has not observed in commercial fields. 

Grassy areas, weedy drains, river bottoms and residential areas may also serve as a source of heavy bagrada bug numbers, again due to the availability of weedy and ornamental brassicaceous host plants. 

In the desert southwest region, the bagrada bug also uses non-brassicaceous plants during summer months to bridge the time between the termination of cole crops production in the spring and cole crop planting in the fall.  In southern California and Arizona, Sudan grass, Bermuda grass, corn, and cotton may be considered key summer sources of bagrada bug infestations for fall cole crop plantings.  
 
It is important to note that this pest has been found in the southwestern U.S. and as such, should it come east into different habitats, the seasonal distribution of this pest may change as may its alternative host list.  

Information sources:

Huang, T-I., D. A. Reed, T. M. Perring, and J. C. Palumbo. 2013. Diel activity and behavior of Bagrada hilaris (Burmeister) (Hemiptera: Pentatomidae) on desert cole crops. Journal of Economic Entomology 106: 1726–1738

Palumbo, J. C. 2013.   Impact of the Bagrada Bug on Desert Cole Crops from 2010 - 2012: A Survey of PCA and Growers. The University of Arizona Vegetable IPM Updates.  Accessed May 14, 2014
http://cals.arizona.edu/crops/pdfs/052913%20Bagrada%20Bug%20Survey_2013_Report.pdf 

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Palumbo, J. C. 2013.  Bagrada bug management tips on desert cole crops. The University of Arizona Vegetable IPM Updates. accessed May 14, 2014.
http://cals.arizona.edu/crops/vegetables/advisories/more/insect65.html

Reed, D.A. 2012.   Bagrada Bug (Bagrada hilaris): Serious Invasive Pest of Cole Crops and Mustard Greens.  Accessed May 14, 2014.
http://cisr.ucr.edu/pdf/bagrada-bug-capca-handout-sept-19-2012.pdf

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007




Feeding Behavior

Bagrada bugs feeding on newly Feeding signs on 2-d old broccoli
emerged broccoli seedling. cotyledons.
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Presentation Notes
The extent of damage by B. hilaris depends largely on plant type and maturity.  Commercial brassicaceous crops that are severely damaged include: 
head-forming cole crops (broccoli, cabbage, cauliflower)
leafy green mustards (collards, arugula)
root mustards (radish and turnip)
oilseed mustards (canola) 

On head forming brassica crops, bagrada bugs are primarily considered seedling pests where feeding on the leaf tissue and growing tips (apical meristems) of young seedlings can result in either death of the growing tip or deformation, and/or initiation of adventitious budding (multiple terminals).

Adults begin feeding on the cotyledons and stems of direct seeded plants immediately following emergence of the hypocotyl.  Many plants are killed at this stage, and seedling mortality has been reported to be as high as 60% in some fields. Nursery production of cole crops destined for transplanting in the field like cabbage and cauliflower has also been effected.

The bagrada bug has sucking mouthparts and exhibits a lacerate-and-flush method of feeding where multiple stylet penetrations occurring in the same location on the leaf result in distinct lesions on plant foliage.  


Information sources:

Huang, T., D.A. Reed, T.M. Perring, J.C. Palumbo. 2014. Feeding damage by Bagrada hilaris (Hemiptera: Pentatomidae) and impact on growth and chlorophyll content of Brassicaceous plant species . Arthropod-Plant Interaction 8: 89-100.

Nyabuga, F. 2008. Sustainable management of Cabbage Aphid and Bagrada Bugs: case study from Kenya, p. 70. VDM Verlag, Saarbrücken, Germany.

Palumbo, J. C. 2013.   Impact of the Bagrada Bug on Desert Cole Crops from 2010 - 2012: A Survey of PCA and Growers. The University of Arizona Vegetable IPM Updates.  Accessed May 14, 2014
http://cals.arizona.edu/crops/pdfs/052913%20Bagrada%20Bug%20Survey_2013_Report.pdf 

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Palumbo, J. C. 2013.  Bagrada bug management tips on desert cole crops. The University of Arizona Vegetable IPM Updates. accessed May 14, 2014.
http://cals.arizona.edu/crops/vegetables/advisories/more/insect65.html

Reed, D.A. 2012.   Bagrada Bug (Bagrada hilaris): Serious Invasive Pest of Cole Crops and Mustard Greens.  Accessed May 14, 2014.
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New feeding damage by the bagrada bug appears as light green star-shaped lesions, whereas older damage appears as bleached or scorched areas. 

Depending on the maturity of the plant at the time of feeding, leaves may become malformed.  Damage to tender foliage can result in wilting, with eventual desiccation and death of the tissues. Additionally, feeding on the apical meristems of young seedlings can result in either death of the growing tip or deformation and initiation of adventitious budding.


Information sources:
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Leafy, non-head forming plants (e.g., arugula, kale, and collards) are attacked from germination through seed production and the younger leaves, reproductive structures and growing tips can be heavily damaged.  

In most cases, non-head forming crops are most susceptible to crop injury early in plant development.  In these plants, bagrada bugs prefer to feed on the younger leaves and growing tips often inflicting heavy damage resulting in leaf deformation and stunted plants. 
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In head-forming cole crops (e.g., broccoli, cauliflower, and cabbage), seedling plants are at the highest risk because feeding at the time of plant emergence kills the apical meristem, thereby killing the plant.

Heavy feeding during the cotyledon stage can also lead to plant death. 
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For plants that survive bagrada bug feeding on the apical meristem, the damage can result in a plant without a reproductive head, referred to as blind plants.  


Information sources:
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Plant deformations may include adventitious buds or growing points that yield multiple small heads. These plants are often referred to as forked, and the heads that develop are small with large stems and few florets.

Feeding on young developing leaves surrounding the terminals also results in leaf deformation. 

Head forming brassica crops are susceptible to bagrada feeding damage up to 6th leaf node stage (J. Palumbo, unpublished data).  Beyond this point the plant is capable of withstand feeding damage on plants without any significant losses in yield or quality.  This is true for both direct-seeded and transplanted crops.

Yield losses from bagrada bug feeding result from reductions in plant stand due to seedling mortality during stand establishment.  Subsequent feeding by the pest on established stands can cause losses in yield and quality due to terminal damage and feeding on young leaf tissue. This feeding can severely stunt plant growth resulting in delayed plant maturity, or more importantly, can cause malformed or multi-headed plants which are not commercially marketable
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http://www.freshfromflorida.com/ content/download/23898/486239/bagrada-bug-pest-alert.pdf 

Hill, D. 1983. Agricultural insect pests of the tropics and their control. Cambridge University Press, Cambridge. 516 p. 

Huang, T., D.A. Reed, T.M. Perring, J.C. Palumbo. 2014. Feeding damage by Bagrada hilaris (Hemiptera: Pentatomidae) and impact on growth and chlorophyll content of Brassicaceous plant species. Arthropod-Plant Interaction 8: 89-100.
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Bagrada bugs often form large aggregations (hundreds of individuals) composed of both adult and immature stages. It is these aggregations, along with damaged plants, that first alerted growers, county agents, and researchers to the presence of B. hilaris in Arizona and southern California. Single insects may be easily mistaken for other common plant bugs such as the small milkweed bug and the harlequin bug M. histrionica, as well as  lady beetles. 

It is not uncommon to find aggregations on Brassica seed crops in the late spring as crops are maturing or when the cole crop is planted as all life stages will feed on the developing seed.

Growers of organic crops often report finding large numbers of adults and nymphs infesting single plants near the edges of fields.

In commercial cole crop fields, it was not unusual to find multiple mating adult pairs on a single plant, suggesting that mate location could be facilitated by pheromone attraction.


Information sources:

Huang, T-I., D. A. Reed, T. M. Perring, and J. C. Palumbo. 2013. Diel activity and behavior of Bagrada hilaris (Burmeister) (Hemiptera: Pentatomidae) on desert cole crops. Journal of Economic Entomology, 106: 1726–1738.

Natwick,E., J. Palumbo and S. Dara. 2013. Bagrada Bug in Agriculture. University of California, Agriculture and Natural Resources, Cooperative Extension, UCIPM Online. Accessed 15 May, 2014. 
http://www.ipm.ucdavis.edu/EXOTIC/bagradabuginag.html
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http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Perring, T.M., D. Reed, J.C. Palumbo, T. Grasswitz, C.S. Bundy, W. Jones, M. Pappas, and T. Royer . 2012. Bagrada Bug, Bagrada hilaris (Burmeister) Family Pentatomidae. USDA-NIFA, National Pest Alert, 2 pp., accessed 15 May, 2014 
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Cole crops produced in the southwestern United States are intensively monitored for insect pests during the growing season. 

At present, no reliable sampling plans or monitoring tools are available for B. hilaris. However, observations suggest that inspecting plants for the presence of B. hilaris in seedling cole crops should be conducted from mid-morning (1000 hours) to late afternoon (1600 hours) when ambient temperatures are above 30°C (85°F).  During this time, adults are most active in the field and can be readily found on plants. 

It is recommended that scouting for bagrada bugs begin immediately upon seedling emergence because adults have been observed feeding on broccoli seedlings as the plants emerge from the ground. 

It is particularly important to scout during stand establishment because plants are most susceptible to feeding damage at this stage. Because the adults are small (no larger than a 2-day old broccoli cotyledon) they can be difficult to detect. Thus scouting for bagrada bugs when plants are emerging should include careful inspection underneath the cotyledons for the presence of adults, as well as signs of fresh feeding on the cotyledon or leaf surface. Damaged or desiccated seedlings that appear wilted can be a result of bagrada feeding. 


Information sources:

Huang, T., D.A. Reed, T.M. Perring, and J.C. Palumbo.  2014. Host selection behavior of Bagrada hilaris (Hemiptera: Pentatomidae) on commercial cruciferous host plants. Crop Protection 59: 7-13. 

Huang, T-I., D. A. Reed, T. M. Perring, and J. C. Palumbo. 2013. Diel activity and behavior of Bagrada hilaris (Burmeister) (Hemiptera: Pentatomidae) on desert cole crops. Journal of Economic Entomology 106: 1726–1738.

Natwick,E., J. Palumbo and S. Dara. 2013. Bagrada Bug in Agriculture. University of California, Agriculture and Natural Resources, Cooperative Extension, UCIPM Online. Accessed 15 May, 2014. 
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http://cals.arizona.edu/crops/pdfs/052913%20Bagrada%20Bug%20Survey_2013_Report.pdf 

Palumbo, J. C., and E. T. Natwick. 2010. The bagrada bug (Hemiptera: Pentatomidae): A new invasive pest of cole crops in Arizona and California. Plant Health Progress. Accessed 15 May, 2014 
http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 

Palumbo, J. C. 2013.  Bagrada bug management tips on desert cole crops. The University of Arizona Vegetable IPM Updates. accessed May 14, 2014.
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Inspecting plants during the early morning (6:00-9:00 am) may be misleading as adults will often hide within cracks in the soil, near sprinkler pipes or underneath plant residue on the soil surface.  When sampling for bagrada bugs in emerging crop stands, pay careful attention to the soil surface immediately beneath or at the base of the plant, as well as between plants, in the furrows and in the cracks in dry soil. 

These pests spend much of their time off the host plant so it important to look around the base of plants and the soil so that you do not underestimate population numbers (S. Bundy, personal communication).   


Information sources:
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http://www.plantmanagementnetwork.org/pub/php/brief/2010/bagrada/ 
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On larger seedlings (i.e., two-leaf stage or larger), the undersides of leaves, as well as the stem and soil surface below the plant, should be carefully examined. During the mid-day, adults can often be observed walking on the soil between plants and within furrow.  During windy conditions, adults can often be found on the stem near the soil surface. Recent research has shown that bagrada bug adult abundance is highly correlated with fresh feeding damage on young 2 to 3 leaf plants.  Pay close attention to fresh feeding signs when scouting as this may be an indication of recent bagrada bug activity in the field.
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Presentation Notes
Begin scouting for bagrada bug adults the morning following transplanting.  Carefully examine leaves and stems for the presence of adults and fresh feeding symptoms.  Also, carefully inspect the soil underneath the plant.  

The bugs can be difficult to find on plants when sprinklers are on and on wet soil the adults tend to blend in with the soil and can be difficult to see.  

These scouting recommendations are based on experience obtained from the presence of this pest in the southwestern U.S.  Please keep in mind that this area of the country has a different growing schedule and different planting and growing techniques based on its environment.  Should this pest expand eastward, scouting recommendations will need to be developed specifically for other parts of the country which has its own unique planting schedules and growing techniques.  

In the meantime, it would be good to monitor in fields where the hosts for this pest is grown, looking under leaves, and along the ground.  Because this pest can survive on wild brassica plants, if they are near your field, you might want to scout those plants as well.    
  

Information sources:
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Although there is documentation of generalist predators attacking B. hilaris, there are no native natural enemies that specifically target the bagrada bug in the United States.  Predation by Collops  beetles were observed on nymphs in New Mexico, while other predators observed to attack bagrada bugs include spiders, preying mantids, assassin bugs, and earwigs. 

In organic brassica fields, bagrada bug carcasses have been observed on spider webs and late instar assassin bugs have been observed to prey on adults. Omnivorous earwigs were found to feed on bagrada eggs in a greenhouse setting.

There are very few published reports of parasitism in B. hilaris.  In Africa and India, there are reports of parasitoid wasps attacking eggs and tachinid flies attacking adults. Some of the wasp parasitoids that attack other stink bugs in the United States also will attack eggs of B. hilaris in the laboratory (D. Reed, unpublished data). However, it is unknown whether they do so in the field. The tendency of B. hilaris to lay eggs individually in the soil and cover them up rather than in easily exploited egg masses on foliage may result in lower parasitism in the field.

Researchers at the USDA discovered one native natural enemy, Telenomus podisi, an egg parasitoid wasp known to attack other stink bug species that can successfully develop and emerge from bagrada eggs, along with two species of egg parasitoids in the genus Trissolcus  from France. Surveys for bagrada bug parasitoids in its native ranges such as India and South Africa are currently being conducted by entomologists. 


Information sources:

Bundy, C. S., T. R. Grasswitz, and C. Sutherland. 2012. First report of the invasive stink bug Bagrada hilaris (Burmeister) (Heteroptera: Pentatomidae) from New Mexico, with Notes on its Biology. Southwestern Entomologist
37: 411–414.

Ghosal, T. K., S. K. Senapati, and D. C. Deb. 2005. Records of hymenopterous parasitoids and a hot-parasitic check list of the Brassica oilseed crops of India. Journal of Ecobiology 17: 251–259.

Mani, M. S., and S. K. Sharma. 1982. Proctotrupoidea (Hymenoptera) from India. Reviews of Oriental Insects 16: 135–258.

Rakshpal, R. 1954. Effect of the sex of the host (Bagrada cruciferarum) on the sex of its parasite, Alophora sp. (Tachinidae). Indian Journal of Entomology 16: 80.

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007
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Preventing adults from feeding on plant terminals and small cotyledons is critical to establishing and maintaining a quality stand. Thus, management tactics for the control of bagrada bug in conventional cole crop production consist of intensive insecticide usage to protect emerging stands and developing crops. Since 2010, it has been estimated that an average of four spray applications were made for adult infestations in fall broccoli fields during stand establishment where pyrethroids were the most commonly used insecticides. 

Chemigation using overhead sprinklers with pyrethroids during stand establishment can provide effective, short-term knockdown control (about 3 days) of adults. On direct-seeded crops, consider a prophylactic chemigation when seedlings first emerge (3 to 4 days after germination water begins (i.e. watering to initiate the seed to germinate)), particularly if the grower has planted a stand. 

Subsequent irrigation will likely dilute the chemical and may require additional treatments. On transplanted cole crops, chemigations should be initiated upon the first signs of adults or damage. These preventative treatments have coincided with the presence of flea beetles. 

Soil-applied neonicotinoid (e.g., imidacloprid) insecticides commonly applied for whitefly control do not adequately prevent feeding damage to transplants and direct seeded crops. However, pyrethroids banded over the seedline at planting have shown to provide about 7 days of control of adults on direct-seeded broccoli. 

Once stands have become established and foliar sprays are needed, insecticides with contact activity will provide the most effective control. This includes pyrethroids (e.g., bifenthrin, Lambda cyhalothrin, zeta-cypermethrin), chlorpyrifos, methomyl, and neonicotinoids (i.e., dinotefuran, clothianidin).  The length of control will likely depend on rates, coverage, spray frequency, tank-mix combinations, and duration of adult migration from outside the field. 

A scientifically-validated action threshold has not yet been established, but preliminary research observations suggest a nominal threshold for treating plants with a foliar applied insecticide when populations exceed 1 adult per 3 row feet of plants (both direct-seeded and transplanted crops) can reduce stand losses and unacceptable plant damage (J. Palumbo, unpublished data).  This threshold should be used until plants reach the 6 leaf node stage. 

Given the amount of pyrethroid insecticides historically applied to desert vegetable crops and the heavy reliance on neonicotinoids, alternative insecticides are needed for resistance management.  Recommendations will have to be developed if growers want to sustainably protect cole crops from bagrada bug.  Several new reduced-risk classes of chemistry (including the diamides, sulfoxamines, and ketoenols) have been developed that have activity against piercing/sucking pests, but research to date (2014) indicates these new insecticides are largely ineffective against bagrada bugs. 
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Organic growers in areas where bagrada bug has become established face the biggest challenge from bagrada bug largely because insecticides allowed for use in certified production are generally not capable of preventing economic damage in the field or nursery.  The commonly used compounds include azadirachtin, pyrethrins, soaps, entomophagus fungus, spinosad and pepper/garlic sprays. 

Organic growers have begun to utilize cultural/mechanical control practices such as using lightweight, spun bonded polypropylene row covers to protect planting during early crop growth.  For the most part these covers can be effective, but are expensive since hand labor is required for their application and removal.  When bagrada populations are heavy, damage can still occur as the adults are capable of feeding on small plants through the lightweight fabric material. 

Another tactic is using transplanted broccoli (typically direct-seeded) which allows for a much more uniform stand. However, unless adequately protected from bugs migrating into fields, damage to terminal growing points can occur at a high rate.  In some instances organic growers are using both transplants and row covers.  Unfortunately, the monetary costs associated with these practices are very high and in some cases cost-prohibitive.


Information sources:

Reed, D.A., Palumbo, J.C., Perring, T.M., May, C., 2013. Bagrada hilaris (Burmeister), a new stink bug attacking cole crops in the southwestern United States. Journal of Integrated Pest Management, 4(3) 2003, DOI:http://dx.doi.org/ 10.1603/ IPM13007

J.C. Palumbo, personal communication

E. Natwick, personal communication

D. Reed, personal communication




Summary

Bagrada bug is a new invasive pest currently found in
the western U.S.

Bagrada bugs are primarily seedling pests.
Feeding can cause significant crop damage/yield loss
Preventing adults from feeding on small plants is

critical to establishing and maintaining a quality crop.

Economic control of B. Ailaris requires intensive
insecticide usage, at least for now
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