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	ABSTRACT: 1. Please state project objectives and what work was done this quarter to address them:
1a. Develop monitoring tools to time management actions
Hibiscus (Lebbeck) mealybug (HM) crawlers typically cluster and feed near their maternal ovisacs. When suitable feeding sites near the ovisac are unavailable or when the food quality is poor, they disperse to other locations on citrus hosts. These include newly unfurled leaves (referred to as `flush'), developing fruits, flower buds, and terminal branch regions. Our observations revealed that HM often aggregate around areas of citrus trees with tissue injuries. Such injuries can occur due to mechanical pruning, strong winds, or frost.
Our initial objective was to test the hypothesis that HM preferentially cluster near mechanically injured areas of citrus trees compared to non-injured areas. The results showed significantly higher captures of HM in traps placed around injured tissues than in traps near undamaged tissues (see Results). Based on these findings, we hypothesized that volatile organic compounds (VOCs) released by mechanical injuries serve as attractants or arrestants for HM. To investigate further, our subsequent objectives were to: (2) collect, identify, and compare VOCs emitted from injured and non-injured citrus tissues; (3) examine the behavioral responses of HM to volatiles from injured and uninjured citrus tissues; and (4) evaluate whether VOCs associated with mechanical injury could be used as attractant lures for trapping HM in citrus groves.
Attraction of HM to Mechanical Injury in the Field
We found that significantly more HM were captured in traps wrapped around damaged citrus tissues compared to undamaged ones (χ² = 35.71, df = 1, P < 0.0001). This was true across all life stages except for pupal males (χ² = 14.20, df = 4, P < 0.01).
Identification and Comparison of Citrus Volatiles from Damaged and Undamaged Tissues
Chemical analysis revealed 15 volatile compounds (mostly monoterpenes) emitted from citrus tissues, but none in the control samples of ambient air. Damaged tissues released more volatiles than undamaged ones, including six compounds --γ-terpinene, citronellal, citronellyl acetate, β-E-farnesene, α-humulene, and α-E-E-farnesene --that were only detected in damaged tissues. For example, β-elemene was over 250 times more abundant in damaged samples than in undamaged ones.
Principal component analysis (PCA) showed a clear separation between the volatile profiles of damaged and undamaged tissues. Most volatiles, especially γ-terpinene, δ-3-carene, limonene, citronellyl acetate, α-humulene, and sabinene, contributed significantly to the variation. Damaged tissues had significantly higher levels of these compounds (t = 9.07, df = 4.9, P = 0.0003).
Behavioral Response to Volatiles
Initial tests using clean air showed no bias in the movement of HM. However, when exposed to synthetic volatiles, their behavior depended on the specific compound and its concentration (χ² = 48.18, df = 1, P < 0.0001).
Attractive volatiles included sabinene, β-ocimene, γ-terpinene, and farnesene, which drew significantly more HM at certain concentrations (e.g., 0.01 and 0.1 µg/µL). However, some compounds like citronellyl acetate, α-humulene, β-elemene, and β-caryophyllene reduced attraction at lower concentrations (0.01 µg/µL), but the effect was not consistent at higher levels. Limonene was repellent at 0.1 µg/µL.
Field Trapping with Synthetic Volatiles
In field tests, traps baited with a blend of farnesene, ocimene, and sabinene (in a 7:13:17 ratio at 10.0 µg/µL) captured significantly more HM compared to controls. Traps with individual farnesene or ocimene also showed increased captures, but sabinene alone did not enhance trap effectiveness in the field, despite its lab-tested attractiveness. The higher concentration (10.0 µg/µL) was essential for these effects, as lower concentrations (1.0 µg/µL) did not consistently attract HM.
Summary of Findings on Nipaecoccus viridis Attraction to Damaged Citrus
·         Field Observations:
HM congregated more on mechanically injured citrus branches than on uninjured ones. Traps on damaged branches captured more individuals, especially immatures, likely due to crawlers moving to injury sites and developing further there. The exception was pupal males, which prefer cryptic locations for pupation, such as the cardboard traps, regardless of volatiles.
·         Volatile Emissions:
Mechanical injury to citrus branches induced the release of specific volatiles not found in undamaged branches or increased their levels significantly (20- to 200-fold). Unique compounds from injured branches included γ-terpinene, citronellal, citronellyl acetate, β-E-farnesene, α-humulene, and α-E-E-farnesene. Common volatiles like limonene, β-ocimene, sabinene, and β-elemene were released in much higher quantities after injury.
·         Laboratory Bioassays:
HM were attracted to β-ocimene, γ-terpinene, sabinene, farnesene isomers, and citronellal at tested concentrations.
·         Field Trapping with Synthetic Volatiles:
A blend of farnesene, ocimene, and sabinene (7:13:17 ratio) significantly increased HM captures compared to controls. Farnesene or ocimene alone also attracted more mealybugs, but sabinene alone did not match lab results. The blend was slightly more effective than individual compounds, consistent with the idea that insects respond better to complex volatile mixtures. A higher dosage (10.0 µg/µL) was necessary for consistent effects.
·         Implications and Future Directions:
Effective traps using synthetic versions of plant volatiles could help monitor and manage HM, especially in Florida's specialty crops. Early detection could improve insecticide timing, reduce unnecessary treatments, and possibly enable thresholds for action. Optimizing blend ratios and dosage ranges could enhance the practicality of these lures. The potential for attract-and-kill strategies should also be explored further.
·         Significance:
Since HM can cause significant crop losses and spread via trade, efficient detection and control strategies are crucial for protecting citrus and other specialty crops in the U.S.
 
1b. Describe the feeding interactions of hibiscus (lebbeck) mealybug with citrus trees (please see Word document for tables and figures)
In this study, we investigated the feeding interactions of the second-third instar hibiscus mealybug on Volkamer lemon trees using AC-DC Electropenetrography (EPG) techniques. Because preliminary recordings failed to distinguish phloem salivation from phloem ingestion, we tested the effect of three tethering materials: a fine gold wire (12.5 µm diameter), a thick gold wire (25 µm diameter), and a Wollaston platinum wire (2.5 µm diameter). We also tested a combination of three different input resistances (Ri) and substrate voltage; 109 Ω-250 mV; 1010 Ω-100 mV; and 1013 Ω-0 mV to create a waveform library and propose biological meanings based on the electrical origins of the waveforms. The best quality signal was obtained with the thick gold wire (25 µm diameter) at Ri 1010 Ω using the loop method (see waveform appearances Fig. 1). We identified 8 families of EPG waveforms (A, B, C, pd, G, F, E, & S) and suggested biological interpretation based on previous publications and electrical origin of the waveforms (Table 2). Most waveforms were similar to those identified in other mealybugs such as the citrus mealybug, the Solenopsis mealybug, and the cassava mealybug with some differences. We also identified a new waveform, waveform S, and hypothesize that it could be the breakage of the mesophyll cells membrane, suggesting that the hibiscus mealybug is probably mixed intra- and intercellular prober.
The duration of non-probing events before first phloem contact (i.e. first contact with plant sap) was significantly higher with platinum wire compared with 25 µm gold wire (4.16 and 2.86 hours, respectively) showing that the mealybug spent less time feeding with the platinum wire (Table 1). Similarly, with platinum wire, the first phloem ingestion (waveform E1) occurs 15 hours after the start of the recording which is 5 hours later than with the two gold wires. This can be explained by the tethering flexibility; platinum wire is thinner but stiffer than the other wires used which could prevent the mealybug from moving freely and delaying the time to reach sieve elements. Phloem ingestion was also two minutes longer with 25 µm gold wire than with platinum wire. This difference is probably due to our ability to better detect waveform E1 with 25 µm gold wire resulting in a more accurate quantification of phloem salivation.
In summary, Wollaston platinum wire seems to alter the natural probing behavior of the mealybug by impeding its movement. On the other hand, mealybugs wired with 25 µm gold wire, reached the phloem elements quicker and performed longer phloem ingestion with fewer pathway phases (i.e. in the parenchyma) than with the other tethering materials.
Additionally, we found that mealybugs performed many cellular punctures (potential drops) which are longer than the ones observed in aphids suggesting that they could be correlated with leaf and fruit distortion. We also found that the hibiscus mealybug was able to perform extracellular salivation (waveform E1e) although this behavior was reared. Analyzing the chemical composition of saliva and finding enzymes or proteins correlated with the host plant defense mechanisms could be the first step to understanding the role of saliva in waveforms E1e, pd, and E1. By tracking the presence of enzymes/proteins during an EPG recording, we correlated specific waveforms with fruit distortion.
1c. Measuring insecticide efficacy and residues on leaves from Citrus Under Protective Screen (CUPS) compared to open groves.
Objective: Replicate insecticidal sprays made in CUPS in an open-air plot located at CREC and compare the residual activity of these sprays between the two systems as well as their efficacy in controlling the hibiscus mealybug. 
In the previous report, we presented mortality data for the hibiscus mealybug from three sprays (#2,3,4) but we only reported preliminary results for leaf residues. In this report, we present the mortality data and update results on leaf residues for sprays #2 & 4. We are currently evaluating spray #5, thus we included information about the active ingredients in Table 1 but we will present the results in the next report. We also included weather data which is likely impacting the degradation of the insecticides in the two systems.
Data analyses were conducted in SAS (SAS/STAT® 15.1, SAS Institute, Cary, NC) using proc glimmix. Proc plm was used to model mealybug's mortality overtime and the following model was used: Dead Mealybug/Total = System*DAT Evaluation day (System*DAT)
 
Results and Discussion
Environmental conditions:
-         Relative humidity was 2-4% higher in open orchard compared to CUPS (Fig. 3).
-         Rainfall totals were different between the two systems which could lead to insecticide wash-off, thereby reducing their efficacy (Fig. 4).
Average temperatures were 0.5 °C higher in CUPS than in open air (Fig. 5).
-         Maximum temperatures were higher in CUPS than in open air with the highest temperatures observed in July (37.5°C and 34.8°C, respectively) (Fig. 6).
-         Minimum temperatures were lower in CUPS than in open air with the lowest temperatures observed in May (20.7°C and 21.5°C, respectively) (Fig. 6).
Leaf residues and mealybug mortality:
-         Spray #2: For malathion, leaf residues were significantly higher in open orchard compared to CUPS (Table 2) while the contrary trend was observed for cyantraniliprole (Table 3). The higher mortality observed in CUPS is likely due to higher concentrations of cyantraniliprole for the first 3 days (Fig. 1). AbdEl-Baki et al. (1999) showed that high temperatures increase percentage loss of malathion of 20% at 30°C and 73% at 40°C when exposed for 192 hours. Malathion is likely degrading faster in CUPS due to the higher temperatures compared to open orchard. Studies from high tunnels in the northeast showed that when using UV-blocking plastic, cyantraniliprole residues are higher in raspberry production suggesting that this compound degrades faster under UV lights Leach et al. (2017). The mesh used in CUPS might block some of the sun's UV lights explaining the higher residues compared to open orchards.
-         Spray #4: Clothianidin is the main metabolite of thiamethoxam (i.e. thiamethoxam degrades into clothianidin) (Chen et al. 2021, Nauen et al. 2003, Tian et al. 2022). Therefore, we decided to also quantify clothianidin to see how fast thiamethoxam breaks down into clothianidin. Leaf residues of thiamethoxam and clothianidin were both significantly higher in CUPS compared to open orchards explaining the higher mealybug mortality observed with leaves collected from CUPS. In both systems, the peak of thiamethoxam in leaves is observed one day after application suggesting the uptake of the systemic insecticide through the plant is fast. The peak of clothianidin in leaves is observed 5 days post-treatment in CUPS and 3 days post-treatment in open orchards suggesting that thiamethoxam degrades faster in open orchard, thus explaining the lower residue levels observed in this system.
While not an initial goal of this study, CUPS growers have expressed the need for data such as presented in this report regarding pesticide degradation to support critical management decisions. For some chemistries, they may find they have a much longer period of residual activity in CUPS than experienced in open groves.
1d. Survey of natural enemies for N. viridis
Florida crops suffer from many invasive insects. One of these pests is hibiscus mealybug (Nipaecoccus viridis (Newstead)), which has caused severe damage to citrus globally and in Florida and has proved difficult to control. Classical biological control is a promising strategy for the management of this species. However, the mealybug parasitoids of south Florida are currently relatively unknown, hampering classical biological control planning efforts. To address this, we conducted a survey of the parasitic Hymenoptera of south Florida, with a focus on detecting potential natural enemies, native or introduced, that might already be present. From May through June 2024, three locations in two experimental citrus groves in St. Lucie County were sampled weekly, using 1) a sentinel host consisting of a potato (Solanum tuberosum L.) infested with a known number of Madeira mealybug (Phenacoccus madeirensis Green), used as a factitious host of the hibiscus mealybug, and 2) yellow pan trap containing soapy water. Within each location, two habitat types were sampled (experimental citrus groves and unmanaged wooded areas near said groves). Three pairs of sampling devices were deployed for 48 hours.  Sentinel hosts were monitored under laboratory conditions for 30 days post-deployment for parasitoid emergence. All specimens collected from sentinel hosts and yellow pan traps were preserved in 90% ethanol at -80℃ and identified at the USDA-ARS Systematic Entomology Laboratory in Washington, DC. No parasitoids emerged from sentinel hosts. However, among the 272 parasitoids specimens collected from yellow pan traps, 56 from the superfamily Chalcidoidea and 6 from the family Encyrtidae were identified (see below). Most parasitoids of mealybugs are within these groups. The encrytids were identified to genus. Species-specific identification is pending. Identifying the mealybug parasitoid species present in Florida will allow us to identify opportunities for classical and augmentative biological control, which ultimately will improve management of N. viridis.
1e. Rearing of parasitoids of N. viridis
Rearing studies of lebbeck mealybug parasitoids are still ongoing as described in previous reports.
 
2. Please state what work is anticipated for next quarter:
Our research team is requesting an additional year of funding to support continued efforts towards developing long term management solutions for lebbeck mealybug in citrus groves. Please see brief proposal for additional information.
 
If not funded for an additional year, we will have to halt research into these management tools until we are able to obtain another source of funds. We will use this remaining time to analyze data and submit manuscripts.
 
  
3. Please state budget status (underspend or overspend, and why):
Our budget is close to on track.
 
 4. Please show all potential commercialization products resulting from this research, and the status of each:
Hibiscus mealybug lure could become a product to commercialize, particularly if it works in additional crops.
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