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1. Please state project objectives and what work was done this quarter to address them:

(All figures noted below will be in a word document)

1b. Describe the feeding interactions of hibiscus (lebbeck) mealybug with citrus trees

Manuscript was published this past quarter and methods for analyzing lebbeck mealybug's feeding interactions with citrus
trees are now established and available for future use.

1c. Measuring insecticide efficacy and residues on leaves from Citrus Under Protective Screen (CUPS) compared to
open groves.

In previous reports, we described the research performed in collaboration with CUPS growers to evaluate the impact of
several grower-chosen insecticides (and tank mixes) on the mortality of lebbeck mealybug. We further quantified the leaf
residues to determine if the mortality could be tied back to insecticide residue remaining on leaves.

With our LCMS repaired, we were able to continue the analysis of insecticide residues in relation to mealybug mortality.
Each insecticidal spray and its impacts are described below:

Spray 1: Malathion and cyantraniliprole (DAT = Days After Treatment)

Mealybug mortality

No significant difference in mealybug mortality between the two systems was found on leaves collected prior to
the application. Percentage mortality was significantly higher in CUPS than in open orchard on leaves collected
at DAT 1 and 3. After DAT 3, no significant difference between the two systems was observed. (Fig. 1).

Residue detected from leaves

The concentration of malathion was significantly higher in open orchard than in CUPS from day 1 to 7. At DAT
1; the concentration of malathion was almost double in open orchard than the one observed in CUPS (1091 and
590 ng g*! of leaves, respectively). At DAT 14, although concentrations were not significantly different between
systems; the open orchard had higher residues than CUPS (508 and 483 ng g, respectively). The concentration
of cyantraniliprole was significantly higher in CUPS compared to open orchard from DAT 1 to 14 (Fig. 2). At
DAT 1; the concentration in CUPS was double that observed in the open orchard (2,565 and 1,199 ng g*!' of
leaves, respectively). At DAT 14, the concentration of cyantraniliprole was still about ten times higher in CUPS
compared to open orchard (847 and 86 ng g! of leaves, respectively).

Spray 2: Abamectin
Mealybug mortality
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	ABSTRACT: 1. Please state project objectives and what work was done this quarter to address them:
(All figures noted below will be in a word document)
1b. Describe the feeding interactions of hibiscus (lebbeck) mealybug with citrus trees
Manuscript was published this past quarter and methods for analyzing lebbeck mealybug's feeding interactions with citrus trees are now established and available for future use.
 
1c. Measuring insecticide efficacy and residues on leaves from Citrus Under Protective Screen (CUPS) compared to open groves.
In previous reports, we described the research performed in collaboration with CUPS growers to evaluate the impact of several grower-chosen insecticides (and tank mixes) on the mortality of lebbeck mealybug. We further quantified the leaf residues to determine if the mortality could be tied back to insecticide residue remaining on leaves.
 
With our LCMS repaired, we were able to continue the analysis of insecticide residues in relation to mealybug mortality. Each insecticidal spray and its impacts are described below:
 
Spray 1: Malathion and cyantraniliprole (DAT = Days After Treatment)
Mealybug mortality
No significant difference in mealybug mortality between the two systems was found on leaves collected prior to the application. Percentage mortality was significantly higher in CUPS than in open orchard on leaves collected at DAT 1 and 3. After DAT 3, no significant difference between the two systems was observed. (Fig. 1). 
Residue detected from leaves
The concentration of malathion was significantly higher in open orchard than in CUPS from day 1 to 7. At DAT 1; the concentration of malathion was almost double in open orchard than the one observed in CUPS (1091 and 590 ng g-1 of leaves, respectively). At DAT 14, although concentrations were not significantly different between systems; the open orchard had higher residues than CUPS (508 and 483 ng g-1, respectively). The concentration of cyantraniliprole was significantly higher in CUPS compared to open orchard from DAT 1 to 14 (Fig. 2). At DAT 1; the concentration in CUPS was double that observed in the open orchard (2,565 and 1,199 ng g-1 of leaves, respectively). At DAT 14, the concentration of cyantraniliprole was still about ten times higher in CUPS compared to open orchard (847 and 86 ng g-1 of leaves, respectively). 
Spray 2: Abamectin 
Mealybug mortality
Mortality of the hibiscus mealybug was significantly higher in CUPS than in open orchard for all days after application except at DAT 7 but no significant difference was observed in abamectin concentration between the two systems (Fig. 3). Abamectin residues were too low (<70 ng g-1 at DAT 1) and decayed too quickly (below the limit of quantification at DAT 3 and 5) to induce significant mortality. Thus, the higher mortality observed in CUPS is probably due to higher levels of chlorpyrifos in CUPS even though we cannot confirm this hypothesis as residues were not quantified. The low residues of abamectin observed at DAT 3 and 5 are likely due to the wash-off of the compound at DAT 1. Indeed, weather data reported 127 mm and 24 mm of rain in CUPS and open orchard, respectively. The higher amount of rain in CUPS could explain why residues were slightly lower in CUPS compared to open orchard at DAT 1.
Residue detected from leaves
The difference in residue detection between systems over time was significant for abamectin. Abamectin concentrations were not significantly different between systems from DAT 1 to 5, although concentrations were slightly higher in open orchard than in CUPS at DAT 1. From leaves collected in open orchard, abamectin reached the level of quantification at DAT 3 and 5 while leaves collected in CUPS had abamectin residues that were below the level of detection (Fig. 4). Hence, samples collected after DAT 5 were not processed because residues were too low for detection.
Spray 3: Thiamethoxam
Mealybug mortality
The influence of system over time had a significant interaction on mortality. On leaves collected the day prior to the application, percentage mortality of the hibiscus mealybug was not different in CUPS and open orchard. On leaves collected at DAT 1 and thereafter, mortality was significantly higher in CUPS compared to open orchards. On leaves collected at 14 days after treatment, a mortality rate of 81% was recorded on leaves from CUPS while mortality only reached 13% in open orchard (Fig. 5).
Residue detected from leaves
The concentration of thiamethoxam was significantly higher in CUPS than in the open orchard from DAT 1 to 5. At DAT 7, thiamethoxam residue was still 3 times higher in CUPS compared to the open orchard although not significantly different (376 and 132 ng g-1 of leaves, respectively). At DAT 14, thiamethoxam was not detected in the samples from the open orchard but it was still present in the samples from CUPS (107 ng g-1 of leaves). Concentrations of clothianidin, the breakdown product of thiamethoxam, were not significantly different at DAT 1 but they differed thereafter where concentrations were significantly higher in CUPS compared to open orchard. In CUPS, concentrations of clothianidin peaked at DAT 5 and then decreased linearly until DAT 14 while in open orchard clothianidin degradation followed an exponential decay curve (Fig. 6). At DAT 14, clothianidin was not detected in leaves collected from the open orchard but it was still present in leaves collected from CUPS although at low concentrations (56 ng g-1 of leaves).
 
Spray 4: Fenpropathrin + Abamectin
Mealybug mortality
The interaction of production system over time was significant (Fig. 7). On leaves collected the day prior to the application, mortality of the hibiscus mealybug was significantly higher in CUPS compared to open orchard, while on leaves collected at DAT 1 mortality was significantly higher in open orchard compared to CUP). No significant difference between the two systems was observed on leaves collected at DAT 3, 5, and 7 with mortality reaching 100% 3 days after exposure to the leaves. On leaves collected at DAT 14, mortality was significantly higher in open orchard compared to CUPS. 
Residue detected from leaves
For fenpropathrin, the production system over time interaction was significant. Concentration of fenpropathrin was significantly higher in CUPS compared to the open orchard at DAT 3 and 7. At DAT 14, concentrations of fenpropathrin in leaves were still high in both systems with an average of 4,270 and 3,484 ng g-1 of leaves in CUPS and open orchard, respectively but not significantly different. For abamectin, the system*DAT interaction was significant. Concentration of abamectin was significantly higher in CUPS than the open orchard at DAT 1 and 3. Abamectin residues were below the level of detection at DAT 1 in open orchard while leaf residues from CUPS were at the limit of quantification. Residues of abamectin were at the limit of quantification at DAT 5 in both systems and abamectin was not detected thereafter (Fig. 8).
1e. Rearing of parasitoids of N. viridis
Nipaecoccus viridis parasitoid rearing
Our investigation into the optimal conditions for Anagyrus dactylopii (parasitoid) production have yielded important insights for future mass-rearing efforts. Lebbeck mealybugs were exposed to parasitoids for 24 hours, after which parasitoids were removed. The mealybugs were then held under one of several controlled temperature (24, 28, or 32 °C) and relative humidity (50, 70, or 90%) (RH) conditions. The number of parasitoids emerged each day was recorded. The effects of temperature, humidity, and parasitoid sex on emergence rates were analyzed via generalized linear mixed model fit to a lognormal distribution. 
A total of 313 parasitoids emerged during this experiment. The mean (average) parasitoid emergence time across all treatments was 15.27 ± 0.24 days. Temperature significantly affected parasitoid emergence rates, with all temperature conditions significantly different from one another. Parasitoids held at 30°C emerged almost 10 days earlier than those held at 24°C (mean ± SE days to emergence = 10.9 ± 0.07 vs 20.15 ± 0.14 days respectively) (Fig. 10). Male parasitoids emerged significantly more quickly than female parasitoids (male = 14.63 ± 0.36 days, female = 15.62 ± 0.31 days) (Fig. 10). The interaction of temperature and sex was significant, closely following the trends observed when these factors are analyzed singly. Figure 11 summarizes our analysis of these treatment combinations. In short, females reared at lower temperatures took the greatest amount of time to emerge compared to all other treatment combinations. Females reared at 24 °C emerged more slowly than all other sex and temperature combinations (mean = 20.69 ± 0.18 days). Parasitoids reared at 32 °C emerged more quickly than all other treatments but there was no significant difference in emergence time between males and females reared at 32 °C. Time to emergence of all other temperature and sex combinations were significantly different from one another. Relative humidity did not significantly affect emergence rate. 
Next, the longevity of the parasitoids was recorded. Emerged parasitoids were held under the same environmental conditions from which they emerged and checked daily for mortality. Parasitoids lived for a mean 19.20 ± 0.92 days post-emergence across all treatments and sexes. Sex did not significantly affect longevity. However, both temperature and humidity significantly affected parasitoid longevity. Parasitoids maintained at 32 °C lived for about half as long as those held at lower temperatures (Fig. 12). There was no significant difference in parasitoid longevity between the 24 and 28 °C treatments (Fig. 12). The mean survival time for parasitoids maintained at 70% RH was 25.78 ± 1.75 days, which was significantly greater than those lived for  than those maintained at 50% RH (14.51 ± 1.12 days) (Fig. 13).There was no significant difference in survival time between 90% RH and the other treatments (Fig. 13). The interaction between temperature and humidity treatments significantly affected parasitoid longevity. Results of this comparison are summarized in Figure 6. Longevity was lowest in the 32 °C / 50%RH and 32 °C / 90%RH treatments compared to all other treatment combinations, with no significant difference between them.
Our results was provided important insights into the optimal rearing conditions for Anagyrus dactylopii, a parasitoid of Nipaecoccus viridis. Below, I have summarized some outputs and recommendations from this study:
·         For fastest production (shortest emergence time), parasitized mealybugs should be held at 32°C. However, all temperatures studied resulted in live parasitoid production. This allows biological control practitioners some flexibility in their rearing set ups, and allows for precise timing of parasitoid emergence and availability.
·         Humidity did not affect time to emergence. This is very helpful given that humidity is among the more difficult environmental conditions to control.
·         Males emerge more quickly than females. Biological control practitioners should wait until all parasitoids have emerged before releasing the new parasitoids or discarding host material, as female emergence may be delayed. Female parasitoids are important, because they are the ones that attack and kill mealybugs.
·         For long-term storage of parasitoids, our data indicate that 24-28 °C and 70 %RH are the most effective. Extreme or fluctuating temperatures or humidities should be avoided. Parasitoids should be stored with access to a sugar source, such as tiny drops of honey.
 
 
2. Please state what work is anticipated for next quarter:
Obj. 1c: We are editing the submitted manuscript on our current work looking at the impacts of residue degradation in open air production compared to CUPS for lebbeck mealybug management
 
Obj. 1e: Work will continue on this objective until funds run out on September 30, 2025. This product will not be fully deliverable without additional research beyond the scope of this project.
 
Additionally, we were invited to submit a proposal for additional funding to support management needs of CUPS growers to deal with the ongoing challenge of lebbeck mealybug.
 
3. Please state budget status (underspend or overspend, and why):
We are wrapping up a NCE and on track to have it spent out by the end of our current NCE date of 9/30/25
  
 4. Please show all potential commercialization products resulting from this research, and the status of each:
In previous reports, we discussed a lure under development. With additional research, this could be a viable product. Additionally, if the parasitoid research discussed here continues to show promise, the methods can be used to mass produce this organism to aide in the management of lebbeck mealybug.
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