Controlling Apple Powdery Mildew After the Disease is Evident
Dave Rosenberger, Cornell's Hudson Valley Lab

Apple powdery mildew has catapulting into the category of major apple diseases in many New York orchards this year.  Factors favoring mildew include some or all of the following:  

1.  A mild winter throughout the state allowed mildew to survive through winter in most infected buds, thereby providing large amounts of inoculum in orchards where mildew was poorly controlled last year. 

2.  Dry intervals during spring (at least in some regions) allowed us to extend prebloom spray intervals for apple scab, but those extended spray intervals may have allowed mildew to become established on new leaves.

3. Weather patterns since bloom have favored secondary spread of mildew to developing leaves.

4. Trees that lost all or some of their crop during spring freezes may be more vigorous than trees carrying a full crop.  Vegetative trees may "outgrow" their fungicide coverage more quickly than trees carrying a normal crop.

5.  The variety mixes in many orchards may be shifting toward more susceptible cultivars.

6.  Fungicide resistance to both the DMI and stroby chemistries may be reducing the effectiveness of our most widely used mildewcides.

The biology and general principles for controlling powdery mildew were reviewed in a Scaffolds article earlier this year (Rosenberger, 2012) and an IPM fact sheet (Turechek, 2004). The fact sheet outlines conditions that favor development of mildew as follows:

"Powdery mildew infections occur when the relative humidity (RH) is greater than 70%. Even on days when RH is low, infections may occur during night or early morning hours when RH usually rises. Infections can occur when the temperature lies between 50 to 77°F (10 to 25°C). The optimum temperature range for infection is between 66 to 72°F (19 to 22°C). Unlike other foliar diseases, leaf wetting is NOT a requirement for powdery mildew infection. …. Under optimum conditions, powdery mildew will be visible 48 hours after infections are initiated; new infections produce spores in about 5 days."
What can be done in orchards that are now showing extensive mildew infections?  If DMI (e.g., Rally, Topguard) and/or QoI (i.e., Flint, Sovran, Pristine) fungicides were applied as full cover sprays at petal fall, first cover, and second cover and mildew is still apparent on new leaves, then it is quite possible that the mildew present in the orchards has shifted toward resistance to these fungicides.  (No fungicides will fully eradicate overwintering mildew, so ignore the "flag shoots" that represent carry-over from last year when assessing the success oif fungicides this year.) The other explanation severe mildew at this time of year would be errors in fungicide timing and coverage, which are discussed later in this article.

 Dr. Keith Yoder at Virginia Tech's Winchester Experiment Station has documented the performance of DMI and QoI fungicide in his trials with Stayman and Idared apples between 1994 and 2010.  From 1994 to 1997, Rally applied at 4 oz/A provided 90 to 97% control of mildew in his test plots.  Performance of Rally was more variable from 1998 to 2006, ranging from a low of only 40% control with 4 oz/A in 2005 to about 90% control with 5 oz/A in 2001 and 2003, and with intermediate levels of control in other years during that interval.  Mildew control with Rally dropped below 35% in 2007 and 2008, and was only about 12% in 2009 and 2010.  Raising the rate of Rally to 7.5 oz/A in a separate plot in 2009 had little impact on disease control, with control only slightly better that the 12% control achieved with 5 oz/A of Rally.  Furthermore, comparisons between Rally and Topguard in some of Dr. Yoder's tests showed that, although Topguard may be slightly more effective than Rally, it still failed miserably in his test orchard where DMI-resistant mildew apparently predominated.

In 12 of the 17 years when Dr. Yoder tested DMI fungicides for mildew control, he also evaluated one of the strobilurin fungicides (usually Flint or Sovran) in other plots within those same trials.  The strobilurins provided 70 to 80% control of mildew in all five years between 1995 and 2001 when these products were tested, but the activity of the QoIs was more erratic in recent years, ranging from 40 to 70% between 2002 and 2008, but then dropping to slightly less than 30% control in 2010.  Dr. Yoder's data suggests that, at least in his test orchard, both the DMIs and QoIs have lost most of their effectiveness against mildew.  Note that we can only "guess" that fungicide resistance is the issue because powdery mildew is an obligate parasite that cannot be grown and evaluated for resistance in Petri plate tests that are commonly used for other pathogens.

In New York orchards where high levels of mildew persist despite timely applications of DMI and/or QoI fungicides, the best alternative at this point will be to apply sulfur at 10-14 day intervals until terminal shoots stop growing.  Mildew only infects young leaves as they unfold, so spread of mildew will cease when trees stop growing.  Unfortunately, it will difficult to regain control of mildew at this point in the season in orchards that are already showing severe infection, especially if experience suggests that the DMIs and QoIs are no longer working.  None of the fungicides will completely eradicate mildew in orchards that are heavily infected, and one can only hope to protect new leaves from this point forward.   

We currently lack other options.  Topsin M was effective as a mildewcide when it was introduced, but mildew became resistant to this chemistry in the 1980s and it is unlikely that Topsin M will do much for mildew populations in orchards today. Low rates of copper, for example with a product like Cueva, might be an option for non-bearing orchards, but I'm not certain that copper will be any more effective than sulfur.  We may be able to manage mildew better next year when several of the new SDHI chemistries will hopefully be available in New York, but we can anticipate that mildew will also develop resistance to the SDHI chemistry with a few years, especially if we no longer have any chemistries other than sulfur to alternate with the SDHI group.  In short, we probably need to begin integrating sulfur back into our regular apple spray programs.

Although I suspect that the combination of weather conditions and fungicide resistance are responsible for mildew problems this year, other "fungicide deployment errors" may also be involved.  All of the following can contribute to poor mildew control:

1. Failure to apply a mildewcide before petal fall:  When they were first introduced, DMIs would control mildew even if no mildewcides were applied before petal fall.  However, QoI fungicides lack the post-infection activity of the DMIs and control programs with QoIs and sulfur must be initiated at tight cluster or pink. Waiting until petal fall to control mildew in the absence of DMIs is somewhat similar to waiting until petal fall to begin a scab control program.

2. Failure to maintain coverage until terminal buds are set:  Again, we were spoiled by the effectiveness of the DMI chemistry because two or three applications (e.g., petal fall, 1st and 2nd cover) frequently provided nearly perfect mildew control.  As mildew populations become resistant to the DMIs, one can no longer expect complete control from these products.  As a result, some inoculum will persist throughout summer and, given the right weather, will explode into a major mildew problem between mid-June and early July.  Failure to maintain coverage through June and July is especially critical for newly planted trees that may continue growing into August.  Young non-bearing trees will need regular sulfur sprays throughout most of the summer.

3. Poor spray coverage:  Poor coverage may be due to miscalibration, spraying under windy conditions, alternate row spraying, or using low volumes of water with nozzles that deliver large droplet sizes.  Because mildew can spread and infect new leaves without rain, one cannot depend on rainfall to redistribute fungicides during infection periods like it does for scab control.  Mildew control depends on getting excellent coverage of the entire crop canopy.  Low-volume sprays can be effective when the volume is delivered with fine droplets, but low volume sprays with conventional nozzles that tend to deliver larger droplets will provide suboptimal mildew control because there will not be enough droplets to fully cover leaf surfaces. Spray adjuvants that increase the surface tension spray solutions can be helpful for reducing spray drift, but these adjuvants will also minimize the number of fine particles that can help to distribute fungicide to more of the leaf canopy, especially if spray volumes drop below 75 gal/A.

Finally, the role of cultivar shifts in our industry should not be ignored.  Empire, Red Delicious, Golden Delicious, and McIntosh are all relatively resistant to mildew, especially if they are not grown adjacent to susceptible cultivars that inundate them with inoculum.  Many of our newer cultivars are much more susceptible to mildew.  Ginger Gold is a delightful cultivar for running mildew trials because it is so susceptible that only the very best mildewcides will provide complete control.  However, trying to establish a new orchard of mildew susceptible cultivars next to an old orchard of Ginger Gold, Idared, Rome, or Paulared is a recipe for major headaches, especially if the DMI fungicides are no longer working on those older orchards.  

Even under the best conditions, regaining control of mildew is usually a two-year process.  The SDHI fungicides may provide some relief next year, but I anticipate that mildew control with sulfur will increasingly be the new "normal" until new mildewcide chemstries (after the SDHIs) are approved.  If my hunch is correct, controlling mildew will add complications to our apple pest control programs for the next few years.  (Hint: remember that sulfur and oil are not compatible, so insecticides and acaricides that require oil to enhance uptake will not mesh well with a sulfur-based mildew control program.)
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