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	ABSTRACT: 1. Please state project objectives and what work was done this quarter to address them:
 The objectives of this project are to determine the phytotoxicity of OTC and other potential partner antibiotics 1) by a citrus leaf assay in the lab (completed), 2) by a greenhouse assay in seedling trees (completed), and 3) to compare OTC with other antibiotics' efficacy against CLas on mature trees in the grove (in progress). 
All objectives are completed for this year. We have successfully completed the first objective, where we screened all experimental antibiotics and imidacloprid, along with OTC (Table 1), to evaluate their phytotoxicity to citrus. In these lab experiments, we used a detached-leaf assay to assess 'exaggerated' concentrations quickly and to document any potential phytotoxicity. In repeated (at least three times) experiments, only oxolinic acid and nalidixic acid at 600 ppm caused light phytotoxicity, including petiole and midvein necrosis; whereas other antibiotics, namely OTC, kasugamycin, streptomycin, gentamicin and validamycin A, all at 600 ppm, and an insecticide imidacloprid at 800 ppm, did not show any phytotoxicity. Further evaluation of these two phytotoxic antibiotics revealed that the solvent used for dissolving them per the manufacturer's recommendations (NaOH 0.01M) was a potential culprit behind this phytotoxicity. Therefore, we concluded that none of the tested antibiotics and imidacloprid were phytotoxic to citrus leaves at these exaggerated concentrations. Additional data for this objective is available upon request.
Next, we conducted similar phytotoxicity assays, this time on greenhouse-grown healthy Valencia seedlings in the greenhouse (Objective 2). Here, all the treatments we used in the leaf assays from above were used in 10X more exaggerated concentrations (i.e., 6000 ppm) per tree and an additional 3000 ppm for gentamicin after seeing high phytotoxicity in that treatment in the first repetition. We used the drill-based trunk injection (Chemjet) technique to deliver these treatments to the seedling trunk. All treatments were taken up by the trees without any issues except for the imidacloprid (8000 ppm), which was in a formulation that was not recommended for trunk injection. In the subsequent trial, we replaced this formulation with the brand, Xytect (Rainbow Ecoscience, Minnetonka, MN), which was formulated specifically for the trunk injection of forest and ornamental trees. No uptake issue for this new formulation was observed. 
Regarding phytotoxicity in the greenhouse, at least one out of five trees per treatment in repeated trials showed some level of phytotoxicity, particularly in the drill site on the trunk, including on the trees that were injected with water. This suggested that drilling a hole in the trunk of young (1.5-2 years old) seedlings is very damaging; 10-70% of the drill sites showed signs of oozing, regardless of the treatment. Nevertheless, only a small number of trees showed some phytotoxicity on the leaves, including dieback, leaf discoloration, defoliation, and leaf curling. Among them, gentamicin was the most phytotoxic to citrus at 6000 ppm, as three out of five treated plants showed severe dieback, and eventually, those plants died in the first repetition. However, gentamicin at 3000 ppm and 6000 ppm in the second and third repetitions was not as phytotoxic and showed only leaf curling on 60% of the treated plants, with none of the treated plants dying. Much milder symptoms, such as leaf mottling, chlorosis, and vein yellowing, were observed in only a few plants treated with kasugamycin and streptomycin at 6000 ppm. None of the other antibiotics showed severe phytotoxicity, but only occasional leaf chlorosis or leaf curling, which did not affect the trees' overall health. Additionally, Xytect, an injectable imidacloprid, caused severe phytotoxicity, including oozing on the treatment sites (40%), dieback of the plants (40%), leaf discoloration (40%), defoliation (60%), and leaf curling (80%). These results indicate that, regardless of the therapeutics used, the trunk injection of young citrus trees could be damaging to the tree, and extreme caution should be taken. And, when new antibiotics are injected into larger trees (see below), they do have the potential to cause phytotoxicity, just like OTC, if not used properly. Additional data for this objective is available upon request.
Regarding Objective 3, we completed all injections on mature Valencia and Hamlin trees in the field. All phenotypic tree measurements were taken, such as trunk diameter, canopy area, and height of each tree. We also recorded visual parameters of citrus diseases present, which included HLB ratings, canker ratings, canopy color, and canopy density. Flower and new shoot formation percentages per tree were tracked to later determine if the treatment was potentially influencing/altering these parameters. None of the three health parameters monitored in this trial has been fully analyzed yet, but there was no noticeable improvement in the therapeutic-treated trees compared with the water-treated trees. Note that these trees were in a drastic decline due to HLB severity and, thus, were not responding to our treatments at a level to meaningfully measure potential treatment benefits. These circumstances are most probably reflected by the marginal bacterial titer reductions that were measured by qPCR assays after treatments (see below). 
Leaf samples were taken at different time points during the season-long experiment, and CLas titer was analyzed to compare all combinations with the 3 controls in the experiment (Water adjusted to pH2 with muriatic acid, OTC one injection (in spring), and OTC two injections (in spring and fall) (see Table 1: treatments and application time points). However, in this report, results of only 4 months after spring injection, or a month after the fall treatment, are presented. We are currently analyzing data from additional time points, and this information will be provided in the following report cycles.
All figures and tables accompanying this report are provided in the Appendix. Fig. 1 and Fig. 2 show results of CLas titer fluctuations (Ct Values) in both cultivars for time zero (before injection) and 4 months after spring injections (1 month after fall injections). At the beginning of the experiment, all trees were showing no differences in CLas titer, indicating that trees in the trial were equally affected by HLB. Fast forward to 4 months after spring treatments, some of the treatments reduced CLas titers compared to water-treated tree titers. The OTC-containing treatments performed better overall in reducing CLas titers compared to other treatments across both field plots (Valencia and Hamlin). However, none of the tested antibiotics (or therapeutics), including OTC, when injected one time a year, showed consistent CLas titer reduction compared to water treatment, under severe HLB pressure. This indicates that all therapeutics tested in this trial are not as effective as OTC spring + OTC fall (two injections a year) in reducing bacterial titers when they are injected alone (i.e., without rotating with OTC), either in spring or fall. However, some OTC rotations, particularly those with the antibiotics, oxolinic acid and gentamicin, and insecticide Xytect (injectable formulation), seem more effective than other OTC rotational partners in both Valencia and Hamlin. For example, when spring-injected OTC was rotated with fall-injection of oxolinic acid (OTC+OA) in Hamlin trees, it was the most effective treatment in reduction of CLas titers, surpassing the effects of the two OTC treatments (Fig. 1). But the opposite of this was true in Valencia trees (Fig. 2). In Valencia, while the two OTC treatment was the best performer, the other rotational partners such as OTC+OA, OTC+Gent and OTC+Xytect trailed just behind this treatment. Yet, they were only marginally more effective than single OTC injection or water treatment (Fig. 2). This indicates that injecting OTC twice a year (in spring and fall) is more effective than injecting only once (in spring), and that oxolinic acid, gentamicin, and insecticide Xytect could be a good rotational partner with OTC. Nevertheless, these potential rotational partners should be reevaluated in duplicate experiments to have a better insight into the efficacy on CLas. However, the question remains whether these rotational antibiotics alone could be effective on CLas when injected both in spring and fall as an alternative to OTC, which should be tested in future studies. 
On the other hand, OTC rotations, particularly with kasugamycin, oxolinic acid, and streptomycin, appear to enhance yield in Hamlin, while no significant yield differences were observed in Valencia (Figs. 3 and 4). Looking at internal fruit quality, in Hamlin, only the spring injection of OTC plus fall injections of validamycin A or spring and fall injections of OTC followed immediately by PDI7, improved Brix/Acid ratio compared to the water-treated control (Fig. 5). In Valencia, only spring injections of OTC alone and OTC combined with fall injections of oxolinic acid, validamycin A, nalidixic acid and Actigard significantly improved internal fruit qualities relative to water-treated control (Fig. 6). The results of this project were presented at several growers' meetings and scientific society meetings, including the APS Southern Division and the Florida Phytopathological Society annual meetings, and funding resources from CRDF were acknowledged.
2. Please state what work is anticipated for next quarter:
 We will be repeating all injections/time points on the same plots in the SWFREC grove on the same trees, and also, we are starting a new trial with the same combinations in a new commercial grove following grower field management standards. Trees are already selected and labeled. Injections in both trials will resume as soon as the rainy season begins in the following weeks (mid-June).
Additionally, antibiotics will be tested in a lab assay to determine if they continue to inhibit proxy bacterial (citrus canker) growth after prolonged exposure to high temperatures.
 3. Please state budget status (underspend or overspend, and why):
 We are on track using the funds as expected. We will buy more materials, antibiotics/chemicals, for the upcoming injections in the next few weeks.
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