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Mating disruption (MD) is most effective if the application is well timed, the rate is high enough, and coverage is good. Effectiveness of MD is reduced if dispensers are applied late, since this tactic provides no control once mating has taken place. Most moths begin mating immediately upon emergence into the orchard. Dispensers should be in place prior to the predicted start of adult activity for the target pest. Codling moth (CM) and oriental fruit moth (OFM) are principal candidates for control by MD in fruit orchards. Both pests have more than one period of adult flight activity, the overwintering generation and at least one summer generation. The best strategy for controlling CM and OFM is to apply dispensers prior to the start of the first flight period. In contrast, targeting only the late-season activity of OFM is a viable approach for using pheromones to manage this pest in apple.

Experience teaches us that orchard borders require extra attention when implementing mating disruption programs. First, mated females immigrate into the border region from adjacent orchards not treated with pheromone. Second, it is suspected that pheromone concentrations are lower on the borders than the interior, thus increasing the likelihood of males locating females and mating along borders. Additional pheromone can be applied to three or four rows around the orchard perimeter to help protect orchard borders. Treating large contiguous areas with mating disruption is the best protection against border damage, as this strategy decreases the amount of border space relative to orchard interior.

Proper placement of dispensers within the tree canopy is a critical component of a MD control program. Good control of OFM can be achieved by placing dispensers in the middle of the canopy. In contrast, successful mating disruption of CM requires placing dispensers within two feet of the top of the canopy, but near foliage to protect them from UV radiation and high temperatures. 
Monitoring target pest activity is difficult in orchards treated with mating disruption products. Adult capture in pheromone traps provides some measure of the effectiveness of mating disruption. In pheromone treated orchards where control is being achieved, moth catch in pheromone-baited traps should be very low or shutdown completely. The rationale behind this measure of effectiveness is that if males are incapable of finding a lure releasing relatively large amounts of pheromone, then they are probably unable to find female moths releasing much lower quantities of natural pheromone. For OFM, trap shutdown appears to be a good indication that a high level of control is being achieved. However, for CM, unacceptable levels of fruit injury often occur where moth captures in traps are zero or very low. A trap baited with a ‘high load’ lure improves the utility of trapping to determine the effectiveness of CM disruption. Another option for monitoring disrupted orchards is to use traps baited with a CM/DA lure (Trécé Inc.). This lure releases CM pheromone in concert with a plant volatile that is attractive to both female and male codling moths, and is particularly useful where population densities are low and growers needed to decide whether an insecticide should be applied.
Monitoring with pheromone traps should not be relied on as a stand-alone method for assessing the effectiveness of MD, but should be used in conjunction with visual inspection of fruit for damage.  Concentrating visual examinations of fruit to the upper canopy, orchard borders and susceptible varieties increases the chance of early detection of fruit damage.

Pheromone formulations and dispensing systems

Three general types of MD technologies comprise the majority of commercially available products, hand-applied, sprayable and aerosol emitters. The tree fruit industry is probably most familiar with reservoir-type dispensers, such as plastic tubes, membranes, puzzle-pieces or spirals. Pheromone is dispensed from these devices at rates that are thousands of times greater than the release rate of pheromone from a female moth. Reservoir dispensers are hand-applied at a rate of 100-400 sources per acre, depending on the targeted species and other factors including pest density and the product's label. 

OFM is easier to disrupt than CM, thus application rates of 100-150 dispensers per acre generally provide 97 percent to near complete inhibition of OFM mating. Our experience is that higher numbers of dispensers are needed to disrupt CM in apple, unless pest densities are very low. The more point sources the greater the impact on orientation.

Sprayable disruption formulations disperse up to a half million pheromone-containing microcapsules per acre. For OFM, the approach can yield a high level of disruption for about 2-3 weeks, less if hard rains dislodge the capsules from the foliage. Applying low rates at frequent intervals is the best approach for disrupting OFM with sprayable pheromone.

Control of CM using sprayable pheromone is more difficult. In trials with microencapsulated pheromone formulations, we have achieved only low to moderate levels of disruption. The highest level of disruption is achieved when the sprayable product is applied using the “ultra low volume” approach pioneered by Larson and Knight in Washington State, requiring special application equipment. The low volume approach still requires multiple applications through the season, including reapplication after a rain event, and the best disruption is achieved when pest densities are low. Thus, use of the microencapsulated formulation is a good option if you are dealing with low CM pressure and wish to enhance the effectiveness of an insecticide-based management program.

Aerosol emitters are deployed at densities of 0.5-2 per acre, but each unit releases pheromone every 15-30 minutes at a rate equivalent to that of 50-100 hand-applied reservoir type dispensers. These devices provide a stable environment for the large volume of pheromone prior to its release and control the emission of pheromone mechanically to give a constant predetermined release rate. Researchers and practitioners in the western U.S. report high levels of disruption using aerosol emitters. In field trials in MI, aerosol emitters have provided up to 97 percent disruption of male OFM orientation to pheromone-baited traps in treated plots compared with untreated controls. 

The outcome in CM trials has not been nearly as robust, with only 24–75% disruption of male CM. Our experience has been that disruption attained with such a low emitter density approach is not sufficient to control CM unless pest density is very low and/or supplemental insecticides are applied. Achieving complete coverage of the orchard with pheromone appears to be especially problematic with such a wide spacing of aerosol emitters. We most often catch moths upwind of the aerosol emitters or on orchard borders.

Regardless of the technology deployed, the outcome is always affected by pest density. Currently, the most robust approach to disrupting CM is to deploy a very high number of hand-applied dispensers. This strategy is especially warranted at moderate to high pest densities. Combining a high point-source approach with supplemental insecticides is the best means of reducing pest densities to very low levels and can result in the ability to sustain these very low pest levels over the long term with minimal intervention with insecticides. 

To reduce material and labor costs, growers are interested in reducing dispenser density. This can be done. However, using a low number of dispensers will be most effective when pest densities are also low. Growers can explore this strategy to manage CM, but should be mindful that more supplemental insecticides will likely be needed than would be the case if a high number of point sources were deployed.
