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	ABSTRACT: 1. Please state project objectives and what work was done this quarter to address them:
Objective 1a: Evaluate currently available registered insecticides in Florida citrus against DRW 
LC50 dosages were determined for five insecticides against Diaprepes larvae and the evaluations for four other insecticides are still in progress. Based on these results, Platinum, Danitol, and Exirel have the highest toxicity against Diaprepes larvae of the insecticides we have tested thus far. 
In complementary soil column assays against Diaprepes larvae, we obtained corroborating data indicating that Exirel, Danitol, and Platinum are all highly effective against Diaprepes larvae. In addition, we have found that Sivanto Prime, Admire Pro, and Delegate WG are highly effective against Diaprepes larvae at label rates of these products. 
In contact bioassays with adult Diaprepes beetles, we have found that Danitol 2.4EC and *Lorsban 4E are highly effective against adults. However, we have also found that Exirel and Platinum are much less effective against adult beetles than they were against the larval stages. Also, we found that Sivanto Prime is ineffective against adults, despite its effectiveness against the larval stage 
Conclusions and recommendations. 
Adult Diaprepes are not susceptible to insecticide sprays. Only Lorsban* (chlorpyrifos; organophosphate) is very effective against Diaprepes adults. Many insecticides commonly applied for Asian citrus psyllid will kill Diaprepes larvae in the soil column if the insecticide treatment targets soil. Growers with known Diaprepes problems should monitor for emergence of adults in May-June. There is a 20 day window to kill them with *Lorsban when adults can't lay eggs after the emergence begins. Soil applications of Platinum or Exirel should target young larvae in July-August window. 
*Note: Lorsban 4E is not currently labeled for use in citrus, however other comparable chlorpyrifos products still have citrus labels.
Objective 1b: Pathogenicity of Bacillus thuringiensis subsp. tenebrionis (Btt) against Diaprepes abbreviatus 
Lab results suggested that combining entomopathogenic nematodes (EPN) with Btt pesticidal proteins application increases protection of citrus roots compared with using either technique alone. EPNs have been an effective technique for managing Diaprepes; however, variation in efficacy is historically known. Combining EPNs with Bt may be one avenue for improving both consistency and efficacy of tree protection from Diaprepes.
We therefore proceeded to a field experiment to investigate the combined effect of B. thuringiensis (Bt) subsp. tenebrionis (Novodor) and entomopathogenic nematodes (S. riobrave BASF) on survival of Diaprepes root weevil (DRW) larvae.  Initially, neonate Diaprepes larvae were collected and surface sterilized with a 5% bleach solution, followed by rinsing with sterile, deionized water. Thereafter, larvae were placed into diet rearing cups for twelve weeks of development before deployment in the field. One hundred diet cups, each containing one larva (Weathersbee III, 2002) were established in this manner per treatment evaluated as described below. This experiment evaluated the following treatments: 1) untreated negative control, 2) exposure to Bt (Novodor) alone, 3) exposure to entomopathogenic nematodes (EPN) alone, and 4) exposure to the combination of Bt + EPN. 
Results
Mortality of larval DRW was lower (p-values ≤ .05) in control plots (21.87± 9.96) without exposure to Bt or EPN than in any of the other treatments evaluated. Mortality of DRW larvae exposed to the Bt treatment alone (55.35±8.87) was lower than morality in treatments that included exposure to EPNs. Mortality of DRW larvae exceeded 85% when beetles were exposed to EPNs or Bt + EPNs (97.5±2.5 and 87.5±7.5, respectively), with no significant difference observed between two treatments that included nematodes. 
The mean nematode count in 200 cc of soil from untreated control plots (500.25±179.44) was lower than those of either treatment where EPNs (S. riobrave) were deployed, but did not differ from the Bt treatment (1088.75±273.34). Fewer nematodes were recovered from the Bacillus-only treatment (1088.75±273.34) compared to Bacillus combined with the EPN deployment (2294.25±470.72), but it did not differ from those recovered from the EPN alone treatment (1792.75±389.34). Both treatments in which EPNs were applied were equally effective in attracting other nematodes to the cadaver. 
Ten days after the larvae maintenance, the white traps analysis demonstrated that treatments containing Bacillus significantly increased the attraction of free-living native nematodes. Evaluation of treatment effects on recovery of commercial and native EPN and free-living nematodes is ongoing. 
Conclusion
One of the most intriguing aspects of this study was the attraction of native nematodes to the Bacillus-only treatment. It appears that Bt may create conditions conducive to the recruitment of both free-living nematodes and entomopathogenic nematodes (EPNs). This positive interaction between the two biological control agents may result from the exchange of volatile organic compounds (VOCs) in the subterranean environment. To further investigate this interaction, a metagenomics approach may be useful for precise identification of the populations involved. Also, collection and identification of VOCs associated with this interaction may help explain these results.
While our laboratory-based experiment suggested that combining Btt with EPN may be more effective for EPN management than either factor alone, this was not confirmed in the follow up field-based experiment. Given that the EPN treatment in the field experiment was so effective on its own at the rate of nematodes applied (near 100% efficacy), it is possible that this experiment could not resolve the additional benefit of the Bt treatment. Our analysis of nematode communities in the treatment plots suggest that the Bt treatment could have the additional benefit of recruiting native EPN species to plots treated with Bt, so it is still possible that additional benefits of using this combination treatment may not have been resolved here. Future experiments testing a reduced application rate of EPNs + Bt may shed more light on the potential benefits of this combination treatment.
 
Objective 2. Determine the source of DRW infestation and how their dispersal affects management decisions.
No new research was completed on this objective in the past quarter, however we have worked on analyzing data from previous quarters. From almost two years of consistent trapping, we have documented a noticeable edge effect of the forested tree line on seasonal infestation patterns, with Diaprepes aggregations found earliest in the season along the forested edge of the property. This finding is consistent with grower observations and our expectations for this weevil.
 
2. Please state what work is anticipated for next quarter:
In the next quarter, January-March 2025 we will continue laboratory Diaprepes breeding efforts to support ongoing insecticide testing. We will also continue with weekly field sampling to thoroughly document patterns at a second grove. 
If Diaprepes become active in March, we will begin field-collecting weevils to supplement our declining adult population of weevils in the laboratory and the develop methods for a new manner in which to document Diaprepes dispersal. In the previous two funding years. We attempted to use mark-capture methods, employing commonly used sprayable proteins (egg albumin, milk, soy milk) then collecting weevils from a target area and using laboratory assays to determine if weevils had come into contact with the proteins prior to capture. This is often used to determine source habitats of insects of interest. However, with low and inconsistent capture numbers, our data are not strong enough to describe any true patterns. Therefore, we propose to incorporate the use of harmonic radar to mark and then track Diaprepes. Harmonic radar has been used in agricultural settings to follow pests, and even pollinators, to document habitat use and movement within habitats. This method has historically been cost-prohibitive, however the basic elements of this method are used in Europe to track skiers and as such has become more reasonably priced. A researcher with the USDA has also developed a method to attach very small diodes to insects as small as a tephritid fruit fly (e.g. Oriental fruit fly). Using his design, we will first work with the diodes, which have flexible wires attached to them, to determine optimal diode size and attachment method for Diaprepes weevils. Assuming we have enough beetles to begin working with in March, we will develop the basic methodology in collaboration with our USDA colleague and deploy trackable weevils in a grower site in the following months. Scott Mislevy has kindly agreed to allow our team to deploy these weevils at one of his groves.
 
3. Please state budget status (underspend or overspend, and why):
Based on current projections, we should be close to on track with spending but will need release of year 3 funds to continue progress in adressing the objectives of this study.
 
 4. Please show all potential commercialization products resulting from this research, and the status of each:
 NA
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