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Introduction
Since 2000, the multicolored Asian lady beetle (MALB), Harmonia axyridis (Pallas), has become an economically significant, contaminant pest of the wine making process throughout the eastern U.S. and eastern Canada.  The beetles aggregate on clusters near harvest, and subsequently some beetles may be incorporated with the grapes during wine processing.  Once crushed, the beetles, via ‘reflex-bleeding,’ release their foul smelling hemolymph that can taint the flavor and aroma of the resulting wine (Pickering et al., 2004; Galvan et al., 2007a). The “lady beetle taint” has primarily been attributed to several methoxypyrazines, known to occur in H. axyridis (Pickering et al., 2004).  


Although MALB provides beneficial biological control of several aphid species in U.S. crops (e.g., pecan and soybean), the beetle’s propensity to attack wine grapes is one of the most infamous non-target impacts of an introduced biological control agent (Koch and Galvan 2008).  In most North American temperate climates, MALB dispersal to wine grapes (and apple, raspberry plantings) coincides with the senescence of nearby field crops (e.g., corn, soybean), where beetle populations had previously increased to high densities (Galvan et al., 2009a).  We also have evidence that the late-season feeding on high-sucrose fruit (late Aug.-Sept.) may increase overwintering survival of MALB (Galvan et al., 2008).

Wine grapes in the Midwestern U.S. (e.g., Minnesota, Wisconsin, Iowa, Illinois) have a raw product value (prior to wine processing) of ca. U.S. $1,600 to 2,850 per ha (Galvan et al., 2006). Early in the MALB invasion and spread to North American grapes (e.g., 2003), some growers had to destroy several cases of wine, resulting in million dollar losses.  Following the invasion of MALB in Minnesota in 1994, and subsequent infestations in wine grapes (particularly since 2000), we began working with several grape and wine producers to develop a comprehensive Integrated Pest Management (IPM) program (Galvan et al., 2009; Radcliffe et al., 2009) for growers in the Midwestern U.S., which is outlined below (see 5 steps).  Although these elements of the IPM program are critical to successful management of MALB, research continues in the U.S. and Canada to better understand the MALB contamination process, as well as alternative methods for minimizing the risk of MALB “taint” to wine.


Since 2003, we have conducted research at several Midwestern U.S. vineyards to better understand the timing of infestations relative to harvest dates, and development of a practical Integrated Pest Management (IPM) program.  While implementing the IPM program in Minnesota and Wisconsin, over a 3-year period (2004-2006), we found that 78% of the vineyards sampled had cluster infestations, near harvest, that were >10% (i.e., clusters with one or more beetles per cluster).  We also confirmed that when infestations were >10%, one insecticidal spray near harvest provided a return of ca. $495/ha vs. the expensive alternative of using shaker tables and/or water/floatation systems to remove beetles after harvest. This return is based only on the raw product value of grapes, and is therefore a conservative estimate (see Galvan et al., 2006a).  With additional monitoring and insecticidal tools for managing MALB in the U.S., some regions have reported fewer problems with MALB. Table 1 provides a summary of a recent 2009 survey of entomologists and grape consultants in 5 major grape growing regions.   

Table 1. Current pest status of the Multicolored Asian lady beetle (MALB), Harmonia axyridis,  in the northern U.S. and eastern Canada, by five entomologists and grape consultants working with the wine grape industry, August, 2009 (1-5 scale)*
Survey results of grape entomologists: status of MALB (Nothern US and Canada).

	Questions
	Mean Response1

	MALB remains a significant pest, wine grapes in your state/province?
	3.8

	Growers have a useful IPM-MALB plan?
	3.2

	A need for more effective IPM, MALB?
	3.6

	Growers, if necessary, will use chemical control (e.g. pyrethroids)?
	3.8

	Growers prefer non-chemical alternatives for control?
	4.0


15=Strongly Agree; 4=Agree; 3=Neutral; 2=Disagree; 1=Strongly Disagree.

*Reflects ca. 10,250 ha of grapes in the North-Central, Northeastern States; Ontario, Can.  
Review of MALB dynamics and IPM Program for Harmonia axyridis in wine grapes.

Timing of infestation  
In the northern U.S. and Canada, MALB adult beetles begin to move to grape clusters between 2 and 3 weeks before harvest (Figure 1).  This is the key “management window” for growers to be aware of for timely IPM.  Even though growers can track how the population increases or decreases throughout the season, they should not worry about the beetles until the end of August (northern hemisphere), for varieties that will be harvested from early to mid-Sept. (Galvan et al., 2006a-c).  MALB are often found in vineyards as early as June when they are feeding on aphids or other small soft-body insects.  Growers and crop advisors can follow the beetle increase in vineyards using yellow sticky traps, which can be used as an early warning tool as well (Figure 1).
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Fig. 1. Phenology of Multicolored Asian Lady Beetle (MALB) infestation levels and incidence of cluster damage and Brix percentage, near Hastings, Minnesota, 2004.

Protection of grape berries 
Laboratory and field studies have verified that MALB do not cause the direct, primary injury to grape berries (Koch et al., 2004, Galvan et al., 2006b).  Fortunately, with all varieties tested thus far in the U.S., the beetle’s mouth parts are unable to break the berry skin.  Field sampling has shown the MALB population density increases as the incidence of berry injury, due to other causes, increases (Galvan et al., 2006b).  Therefore, the protection of berries by avoiding splitting (physiological/water stress) or bird damage, for example, will likely decrease the chances of having MALB in the clusters, even if beetles are in the vineyard.  Wine grape varieties with tight clusters, such as ‘Leon Millot,’ may have a higher percentage of splitting, and will usually attract more lady beetles.
Scouting or Monitoring 
MALB monitoring should focus (or can be limited to) the 3-4 weeks prior to harvest, as noted with the management window (Figure 1).  To sample for MALB adults, growers should randomly inspect 20 to 30 clusters per 3-ha vineyard, and record the percentage of clusters infested, with one or more MALB per cluster (see: Galvan et al., 2007a,b).  If the vineyard is greater than 3 ha, we recommend dividing the vineyard into two or more areas of no more than 3 ha each.  Scouting can be done once or twice a week depending on the level of MALB infestation, and how close the grapes are to harvest.  Growers can also estimate the infestation level by checking yellow sticky cards if those are available. This information can provide a relative estimate of whether the population is increasing or decreasing as harvest approaches.  As the grapes get closer to harvest, consider sampling more frequently, every other day, to avoid any unpleasant surprises on the day of harvest.  MALB populations may increase  quickly within a few days.
Making a decision
The numbers of lady beetles per cluster that should trigger a control action, such a spraying an insecticide, depend on consumer preference, grape variety, and the grower.  Consumers have different responses to off-flavors in wine, some are tolerant and some are sensitive.  Grape and wine chemistry varies with grape varieties and wine styles, and some of the chemicals found in wine may mask or accentuate the off-flavor caused by MALB.  Finally, some grape growers or wine makers are riskier than others, and would allow a higher level of MALB in their vineyard than the less risky grower.  For example, a study done in our lab in collaboration with the Sensory Center from the University of Minnesota found that 1 MALB per 4 clusters (or 25% of clusters infested) of ‘Frontenac’ would give enough off-flavor to be noticed by 10 % of wine consumers (Galvan et al., 2007a).  A grower who is not a risk taker probably would want to reduce this percentage, and accept only 1 MALB per every 10 clusters (or 10% of clusters infested).  Therefore, after sampling 30 clusters, and finding 3 clusters infested with 1 or more MALB, one should make a decision to control (e.g., insecticide spraying) the lady beetle population in that vineyard.  As a rule of thumb, if one is unsure what the best threshold would be for your situation, we would recommend a conservative threshold of 10% of the clusters infested (Galvan et al., 2007b).
Control options
Management of MALB can and should be done by protecting the grape berries from any type of injury.  For example varieties that are less sensitive to physiological splitting (due to rapid increase in water uptake), or drip irrigation to better manage water use, should be considered.  Insecticides should only be used if MALB populations reach high levels (e.g., 10 % of clusters infested with lady beetles; Galvan et al., 2007b).  Likewise, mechanical removal of MALB from clusters during harvest by floating clusters in water, or vacuuming clusters should be reserved for high MALB populations.  If growers in the U.S. decide to use an insecticide, our laboratory and field studies have shown that 4 products work reasonably well for control of MALB in wine grapes (Galvan et al., 2006c), including: carbaryl applied at 7 days before harvest, or pre-harvest interval (PHI), and imidacloprid (Provado™) or the pyrethroids, cyfluthrin (Baythroid™) and (Mustang-Max™) all with a 1-day PHI in the U.S. (Galvan et al., 2006c).  Importantly, we are only aware of these products being registered for grapes in the U.S.; we are not yet aware of similar control options in Europe.  Also, one critical limitation to the use of carbaryl is that although a high percentage of beetles will be killed soon after application, many beetles will remain in the cluster after dying; thus, depending upon the harvest date, these beetles may still contain enough compounds to taint the wine.  Final insecticide choice should be based on the time between the insecticide application and projected harvest (PHI), MALB infestation levels, and cost and safety to field workers.  As always, growers should follow the directions on the label when applying insecticides.  Some insecticides may be restricted use and may require a pesticide applicators license to purchase product.  Finally, we also evaluated the impact of all insecticides on important wine quality parameters (brix content, acid content at harvest) and wine taste; we did not find negative effects on these parameters.   
Caveat and Adaptation of IPM Recommendations
The IPM program and recommendations for managing MALB are based on research conducted in the Midwestern U.S. from 2004 to 2009.  Other locations with different levels of MALB infestations, or unique climatic or agroecosystem conditions that affect the phenology and dispersal of MALB may require site-specific IPM programs.  Also, if a given grape variety is known to be more sensitive to the Harmonia taint, or if multiple flights of MALB occur, then treatment levels should be lower. For example, a more conservative treatment threshold of 3-5 % of clusters infested, near harvest, may be necessary for some regions.
Future IPM Strategies  
Current research in Minnesota includes the development and evaluation of a “push-pull” system for potential control of MALB in wine grapes.  Several compounds have been identified as attractants (to ‘pull’ beetles out of grapes) and repellents (to ‘push’ beetles out); thus far we have found that beta-caryophyllene may have potential as an effective attractant under field conditions (ECB, TLG, unpublished data).  However, much more work needs to be done to verify the most consistent repellent and attractant compounds, as well as the overall cost and feasibility of the method for commercial growers.  This approach, if successful, would allow growers to avoid or minimize late-season insecticide use near harvest. 
Possible impacts in European Grapes 
A recent assessment of the thermal requirements for population growth of MALB in tandem with a climate matching analysis (Poutsma et al., 2008), found that most of western Europe, including several grape production regions in France, Germany and Switzerland, were highly conducive to beetle establishment.  Since 2004, the continued spread of MALB in Europe further supports continued establishment of the beetle in several grape growing regions. Interestingly, a recent report from Switzerland documented increases in light trap catches of MALB in one grape growing area (Linder, 2009).  Although no MALB were found on grape clusters in Switzerland in 2009, significant infestations were found in one region in Germany.  Given our experience with MALB in North American grapes, we anticipate that the following factors may continue to predispose much of the wine-grape industry in Europe to significant infestation risks, including:

· Temperate climates, that provide conditions favorable for overwintering, and assist to induce a diapause phase (e.g., cooling to sub-freezing ambient temperatures in Sept-October), that appears to be important for fruit, “sugar” feeding during autumn, prior to overwintering
· Wine grape production regions that are near significant hectares of field crops that harbor large aphid populations (e.g. maize), allowing MALB to build up by late summer
· Grape varieties that are increasing in sugar content (Brix) in late August to Sept., as nearby field crops are senescing

· Grape varieties that are sensitive to physiological splitting, incur bird damage, or damage from pathogens, all of which cause premature damage to grape berry skin, allowing MALB to feed within grapes and grape clusters 
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