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Presentation Notes
Thanks for joining this virtual session this morning.  I’m going to talk about research on codling moth control tactics, and as the session title implies, they can be used in organic or conventional.  Despite the ‘Novel’ in my title, you will have heard about all of these tactics, and some you may already be using, but a few you may have heard of, but are less familiar.



But First: The Basics!
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But first I would be remiss if I didn’t start with the basics:  pheromone mating disruption. Since its registration in 1990, it has become widespread in the apple industry, and to a lesser extent in the pear industry, and is now considered the foundation of our codling moth control program.  There was a very brief period early on where we thought MD could be used as a stand-alone tactic, but we realized fairly soon that it had to supplemented with other tactics.  But after many years of experience, we conclude that mating disruption makes the other tactics more effective
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One of the fundamental tenets of IPM is the use of multiple coordinated tactics for pest control.  Too often we equate the use of several different active ingredients with multiple tactics, but ‘Pesticides’ are grouped as one tactic – in this diagram called ‘Chemical’.  Using different active ingredients is very helpful for resistance management, but it doesn’t really tick the box for multiple tactics.  Unfortunately, we have been far too reliant on this one pillar of IPM – and there are a lot of reasons for that – but broadening our portfolio would be very helpful
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But by combining chemical control and behavioral control (this is how we classify Mating Disruption), we have already doubled our number of tactics employed.  And every tactic we add to pesticides will also help with pesticide resistance.
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I’m going to defer the discussion of biological control to another time, which this brings us to the last two tactics:  cultural and genetics.  I’m going to start with Cultural Controls, which I’m interpreting for today’s talk as physical control methods.  This is not an area that has been used to a great extent in recent years, largely because pesticides tend to be easy and effective.  But we have two methods I’d like to review that have gotten more air play in the past few years, and may be helpful in some situations.



Cultural Control:  Trunk banding/Infested Fruit Removal

Sherman, F. I. 1937. Chemically treated codling moth bands. Michigan Agricultural Experiment Station Quarterly Bulletin. 19: 1-5.

Trunk banding:
Treated or not
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cloth
Timing essential!

Fruit removal:
Anytime, but before 
they leave fruit to 
pupate
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The first is trunk banding.  Now, when I made the ‘not necessarily novel’ disclaimer at the beginning of the talk, I wasn’t kidding – these are an old, old techniques, essentially pre-dating modern pesticides.  Trunk banding is based on the behavior of the mature larvae; once they exit the fruit, they seek a place to spin a cocoon to transform to the pupal, then adult stage.  In summer, this happens within a week or so; in the fall, the larvae go into diapause for the winter, and wait until spring to pupate and emerge sometime around bloom. Many of the larvae seek cocooning sites on the tree itself, in the rough bark of the trunk which provides some shelter.  That’s why a band wrapped around the trunk provides an alternative and very attractive pupation site.  Quite of few folks have gone back to trunk banding in problem areas.  The main impediment is that it is labor intensive, but as a way of direct removal of codling moth from the orchard, it’s just as effective today as it was in the 1920s.  My experience with trunk banding it that when you do have a substantial resident population, it can be helpful; if your densities are in fact pretty low, it can be pretty frustrating. Several key messages here are setting out and removing the bands at the correct time, and destroying the larvae you find.  Leaving the bands on too long just means that the next generation of CM can emerge from them, and you’ve considerately provided them with an ideal pupation site.Back in the olden days, they recommended checking and removing larvae every 2 weeks, but that was when we had 40 trees/acre and smaller parcels.  Its sufficient to do it once/generation, but it has to be done on time.  They also used to soak the bands with something toxic, which meant you didn’t have to be so careful about removal.   For the sake of completeness, I should mention that grazing of sheep or hogs in orchards has been studied on and off since the late 1800s, and more recently in Michigan in the early 2010s.  It falls under the heading of sanitation, or removal of infested fruit, but it is likely only for the highly diversified organic farm.



Net Enclosures
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The next area is one that I have been researching for the past 5 years, and that is physical exclusion of codling moth.  Again, its not an entirely new idea, but perhaps one you have not had the time or capital to implement in your orchard.One of the most persuasive arguments for net enclosures are that they serve multiple functions – with reduction of sunburn being the top reason in Washington. This factor alone can cause substantial fruit cullage on sensitive cultivars, and can be the economic motivation for a net installation.  Sunburn protection can be achieved with overhead nets alone, but what about a full enclosure?  Many of the additional benefits come with full enclosure, with some additional cost of adding the sides and doors  



Types of Nets

Tree wrap
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To lay the groundwork,  there are many types of nets, with different support structures and mesh sizes.  My research only involved 2 common types, full enclosure and overhead, but it is worth noting that drape nets or tree wraps (technically a row wrap) are more popular in many parts of the world.  They are less expensive to install because they use the tree’s canopy as the primary support of the net, and may provide excellent protection against pests.



Net Exclusion Experiments, 2016-2019

Dr. Adrian Marshall
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I’d like to discuss the work my student, Dr. Adrian Marshall; the bulk of the information on nets comes from his dissertation research, with some collaborative work after graduation.   Adrian was looking at the nets for exclusion of pests, including codling moth and stink bugs; and also the non-target effects on natural enemies of secondary pests.  While the initial focus of this work was in excluding stink bugs, we were working in our Sunrise research orchard, where codling moth pressure is high, and in the last 2 years we used surplus sterile moths from the SIR project. 
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Some of you may have noticed the cages at WSU’s Sunrise Research Orchard, and most of Adrian’s experiments involving codling moth were done here.  We have higher codling moth pressure on this farm than any commercial grower would tolerate, and this in addition to having replicate cages helped us test our questions.  The surplus sterile moths enabled us to some very interesting experiments with our cages, and eliminate the uncertainty of wild moth pressure.



Questions about codling moth and nets

1. Can a full net enclosure 
keep out wild codling 
moths?

2. If we release sterile 
moths inside a net, will 
they stay there?

3. Is the mechanism 
physical or behavioral?

Photo: A. Marshall
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We explored a series of practical questions concerning how growers might want to use nets.  The first is exclusion: will a net enclosure keep out wild CM?  This should make control easier inside the cages, reducing pressure from outside sources once the inside population had been reduced to a low level.  The next question involves the use of sterile moths, or SIR for CM control (more on this later); in this case, you want to both keep wild moths out of the cages, and the sterile moths inside the cage where you released them.  And lastly, we wanted to know about the mechanism – if you look at the CM in this picture, its not difficult for it to squeeze through the mesh of this sunburn net if it turns sideways.  But with insects, there is a difference between ‘can’ and ‘will’, so we needed to know more about their behavior upon encountering a net.



Do nets reduce codling moth damage?
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We did a series of experiments in two cage sizes (large and small) over two years, with the same set of treatments: caged with a full season spray program; the full spray program without the cage, and an untreated to check to calibrate the level of pressure in our blocks.  The cages were built over mature trees that were pretty infested at the beginning, so we felt that sprays were in order to control the existing populations inside the cages.  The purpose of the cage in these experiments was to prevent more moths from migrating into the cage.The results from both years and cage sizes are VERY similar – we always got the lowest amount of damage inside the cage; even with a full season spray program, we got about 20% fruit damage without a cage, which gives you an idea of the kind of pressure we had.  And clearly, if you don’t treat for codling moth where it is abundant, damage will quickly zoom up to 60-80%.



Small cage experiments: do codling moth cross nets?

Photo: A. Marshall 

R = Release point
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Being pretty convinced of the usefulness of cages in preventing damage, we changed our question to examine the permeability of the net enclosures. Our first experiments were designed to see if codling moth could enter a full net enclosure – we used these small, 3-tree cages with pheromone traps inside, and released marked sterile moths around the cage to see if they got in, using a codlemone lure in a delta trap to recapture the marked moths..



Codling moth immigration: NO, they don’t get in!
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The answer was a resounding ‘NO’ – they did not enter our cages despite being released in high numbers from all directions outside the cage.  This was very encouraging, but we also realized that our small cages were perhaps not realistic enough in terms of codling moth behavior.



Emigration – can they get out?

Caged Uncaged
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The next question addressed the issue of whether or not codling moths can cross nets but from the opposite perspective – if released inside a cage, can they get out?  This would be the case if you have a net enclosure, but want to release sterile moths inside it for supplemental control.



Codling moth emigration:  YES, they can get out!

Presenter
Presentation Notes
The results looked quite different when we tested their ability to escape from a small cage.  In 2018, the cage slowed down the amount of escape, but didn’t stop it entirely;  but in 2019, there was no difference between caged and uncaged.  This brought up some further question about scale (especially the size of the net enclosure) and seemed to point more toward a behavioral mechanism.



Codling moth nets:  Commercial Scale

1.Full cage

2. Overhead

3. No net (check)
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To address the issue of scale, we moved to a full-size commercial net installation, which enclosed a little over 15 acres.  The same farm also had a 26-acre block of overhead netting, which we included to see if these interfered with behavior, and an unetted check.



Plot Layout Pheromone trap

Release point
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We released sterile codling moths (since this was a commercial block) that were marked with fluorescent powder, in a perimeter around each of the three blocks.  We set up pheromone traps about 50 ft inside the block to see what we recaptured, and repeated this for 7 weeks.



Can Codling Moth Cross Nets?
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And here are our 2019 results – the cage did not completely eliminate entry of the marked moths, but it reduced it considerably when compared to the other 2 blocks.  We also looked at wild moths, and the pattern was the same as the marked moths, even though we did not know the underlying wild moth population.



Sterile Moths and Nets
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In 2020 we added a test on a net installation that was being treated with SIR moths.  The main question was: could the moths be released by drone as usual, or did we have to release by hand inside the block.  The installation was a hybrid of a full enclosure and an overhead net;  three sides were fully enclosed, one side was partially enclosed, and the overhead nets had apertures that could allow moth entry from above – and this was ideal for our test.  We compared this netted block with an uncaged block next door, also being treated with sterile moths.



Release by Drone vs Hand under Nets
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To determine who came from where, we marked the drone moths with blue powder, and the hand-release moths with orange fluorescent powder.  To make it even more interesting, we added as 2nd type of hand release (pink powder) where the moths were released on the ground instead of the canopy.



Netted plot: drone vs hand release (canopy)
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So here are just a comparisons from this study.  First we asked the question, can we get as good a recapture releasing from a drone vs in the canopy in our netted plot?  The answer is yes, the drone release did just as well as the hand release, and of course in a fraction of the time.  This may have been due in part to semi-permeable nature of this enclosure, but it is a hopeful sign that we may be able to release by drone over nets, with no penalty.



Net and Check:  Canopy vs Ground Release

ATV moth release
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But it’s a different picture when we compare the releases in the canopy vs on the ground.  We walked the same route, had the same number of release points, the 2 types were only about 10-15 ft apart – but our recapture was much better when we sprinkled them in the canopy instead of on the ground. This was supposed to be a comparison to the Canadian ATV mist blower releases, which put the moths on the ground – except we didn’t have an ATV and mist blower, so this is only a simulation.  Make no mistake, the Canadians have had quite a bit of success with their program using ATVs, but this hints at a possible way to improve moth performance.



SIR:  It’s Raining Moths!
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The last tactic I’d like to talk about is ‘Genetic’ Control – the genetic part comes in when we sterilize male and female codling moths with cobalt irradiation, and turn them loose in large quantities on the unsuspecting wild moth population – in other words, Sterile Insect Release, or SIR.  



Sterile Insect Technique

(Marec and Vreysen et al 2019)
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Every time a sterile male mates with a wild female, its likely most of her eggs will be sterile; every time a wild male mates with a sterile female distracts him from mating with a fellow wild female.  We also speculate that all those sterile females, who are all emitting pheromones, act as mini point sources of mating disruption, contributing to an underlying  MD program.



OK-SIR:  A Success Story

Graphics courtesy of OK-SIR
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Many of you know by now that British Columbia has had an SIR program since the early 1990s, which has been very successful overall.  While they didn’t achieve the original goal of eradication of CM, they have been very successful in reducing moth pressure and the number of sprays needed.  And we thought that we in Washington could also benefit from this approach. 



WA-SIR Pilot Project
2018-2020
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We just finished a 3-year pilot project on this tactic in Okanogan County, from 2018-2020, but by 2019, a commercial release service was already in place in Washington, with a growing number of acres treated. We looked at two different rates of moth releases, and compared them to a check



WA-SIR Pilot Project:  Trapping and monitoring
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We monitored wild and sterile moths with a fairly high trap density (1 combo+AA lure/acre in a delta trap, set out in a grid), with an additional 4 traps around the perimeter to see how many drifted out of our 4-8 acre plots.
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Here are our trap counts over the 3-year project.  The sterile moth count are on the top row, and the wild moth on the bottom row.  A couple of trends are visible in this.  First is that the wild moths are always much lower than the sterile moths, and they decline slightly over time.  This is good because we want an overflooding ratio, to increase the probability of a wild female mating with a sterile male.  The recapture of sterile moths was the highest in 2018, with a clear difference between the 1x and 3x rates; that difference disappeared in 2019, and re-appeared in 2020, but not quite as clearly.  We still don’t have a good explanation of the high 2018 recapture rate of sterile moths; the release method (drone) was the same all 3 years, and they flew pretty much the same pattern in each of our release blocks each year.  The weather and DD accumulation was also similar among years, so again, we are left with a question mark.  The reduction in wild moths over time is also a positive indicator, but it occurred in both SIR rates AND the check.  So while the news is positive, we’re not exactly sure why.  



Case History: cleaning up a hot spot
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Here is one of case history success stories.  This is a block where we were releasing the higher rate of SIR moths for three years.  As you can see, they had a hot spot on the western edge at the beginning of the project, but by the 3rd year, this was largely resolved, and damage throughout the block was lower.  One of our take-home messages is that every block really needs to be considered separately, because management varied quite a bit; and following a block through time was perhaps more informative than comparing treatments within years. 



Fruit damage trends
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So the bottom line for a codling moth project is to see if you can lower fruit damage or supplemental sprays; we didn’t try to influence growers spray programs, so we could only look at fruit damage.  Here is a summary of the three years of the project.  The first years we had a clear trend of lower fruit damage in the 2 SIR plots relative to the check (although not necessarily according to the rate); But by the 3rd year damage was similar in all treatments, but much lower overall.  This was a phenomenon we found during the areawide projects, is that particpants in the project became much more aware of management issues, and really upped their game over their entire operation; ultimately, this is the desired outcome, but doesn’t help us differentiate our treatments.That said, all the grower feedback I get on the use of SIR has been positive, and its hard to argue with success.  Going forward, we hope to more fully integrate SIR into our IPM toolbox.



Thanks!

This work was supported by funding from the Washington Tree Fruit Research Commission, 
and by the USDA National Institute of Food and Agriculture, Hatch project 1016563.
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I want to give a huge thanks to all of the funders and collaborators on the project:  The research commission for support of the research, OK-SIR for always being willing to lend their expertise; M3 for bringing drone release to the SIR game, and a big shout-out to Trece for their fabulous support of materials.Thanks and have a great Hort Show.
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