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ABSTRACT (Executive Summary-public report-do not disclose proprietary information or intellectual property)

This directed research was initiated at a time when oxytetracycline (OTC) injection was not yet registered for commercial
use. The primary objective of this project was to determine the most effective method of delivering OTC by injection to
reduce HLB and improve yield and quality of the fruits without leaving residues. The specific objectives were to: 1) test
the efficacy of different injection devices, 2) determine the most effective formulation of OTC, and 3) determine the best

month of injection and most appropriate OTC concentration based on tree size. To achieve these objective five field trials
were conducted:

Trial 1: East coast, near Ft. Pierce - Valencia/sour orange, planted in 2013
Trial 2: East coast, near Ft. Pierce - Valencia/X639, planted in 2018

Trial 3: Central Ridge, near Venus - OLL8/X630, planted in 2018

Trial 4: Southwest FL, near Felda - Valencia/Carrizo, planted in 2014

Trial 5: Southwest FL, near Immokalee - Valencia/Kuharske, planted in 2014

Take-home messages - Trial 1

- Both, our published (Chemjet) method and the commercially recommended (FlexInject) method were effective in
increasing yield, fruit quality, and juice quality.

- Both the low (0.55 g/tree) and the high rate (1.1 g/tree) were effective, but the higher rate of OTC was generally
more effective than the lower rate.

- At the low rate, two-sided injection on opposite sides of the trunk improved effects over one-sided injection.
- Effects were cumulative after two consecutive years of injection.

- Injection into the scion caused more bark cracking than injection into the rootstock, but overall, no major damage
was observed.

Take-home messages - Trials 2 and 3
- Foliar spray application of OTC was not effective.
- OTC injections improved fruit and juice quality in both Valencia and OLL-8.

- Valencia trees responded to the injections with higher yields, but there was little yield response in OLL-8 trees (but
OLL-8 trees were overall more productive).
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	ABSTRACT: This directed research was initiated at a time when oxytetracycline (OTC) injection was not yet registered for commercial use. The primary objective of this project was to determine the most effective method of delivering OTC by injection to reduce HLB and improve yield and quality of the fruits without leaving residues. The specific objectives were to: 1) test the efficacy of different injection devices, 2) determine the most effective formulation of OTC, and 3) determine the best month of injection and most appropriate OTC concentration based on tree size. To achieve these objective five field trials were conducted:
 Trial 1: East coast, near Ft. Pierce - Valencia/sour orange, planted in 2013
 Trial 2: East coast, near Ft. Pierce - Valencia/X639, planted in 2018
 Trial 3: Central Ridge, near Venus - OLL8/X630, planted in 2018
 Trial 4: Southwest FL, near Felda  -  Valencia/Carrizo, planted in 2014
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 Take-home messages  - Trial 1
 
- Both, our published (Chemjet) method and the commercially recommended (FlexInject) method were effective in increasing yield, fruit quality, and juice quality.
- Both the low (0.55 g/tree) and the high rate (1.1 g/tree) were effective, but the higher rate of OTC was generally more effective than the lower rate. 
- At the low rate, two-sided injection on opposite sides of the trunk improved effects over one-sided injection. 
- Effects were cumulative after two consecutive years of injection.
- Injection into the scion caused more bark cracking than injection into the rootstock, but overall, no major damage was observed.
Take-home messages  - Trials 2 and 3
- Foliar spray application of OTC was not effective. 
- OTC injections improved fruit and juice quality in both Valencia and OLL-8.
- Valencia trees responded to the injections with higher yields, but there was little yield response in OLL-8 trees (but OLL-8 trees were overall more productive).  
- Injection of high doses of OTC (0.79 g/tree) withChemjet injectors produced larger effects than injection of low doses of OTC (0.15-0.3 g/tree) with the Trecise system.
- Injections in August or September increased juice Brix over injections in May, but…
- … September injections resulted in high fruit OTC residues, regardless of the OTC rate, and are therefore not recommended. 
- August injections may increase the risk for high fruit residues, especially at higher rates. We have trials in progress to further look into this.
- May injections resulted in low (< 10 ppb) fruit residues, even when using a high OTC dose.
- Trecise injection caused significant damage on the rootstock trunk in both trials while the Chemjets caused little damage. 
Take-home messages  - Trial 4
- OTC injections improved yield and juice quality, but the higher dose (1.2 g/tree) applied with three injectors (Chemjets) did not produce higher yields than the lower dose (0.79 g/tree) applied with two injectors.
- There was a trend for the higher dose to improve fruit/juice quality more than the lower dose.
- Injections were effective regardless of whether trees were injected in April or in June. 
- Injection in June resulted in slightly longer bark cracks compared to injection in April.
Take-home messages  - Trial 5
- OTC injections improved yield and juice quality.
- Using two or more injectors (Chemjets) resulted in better yields and juice quality than using one injector, regardless of the OTC dose.
- Using the Flexinject injectors in combination with a 17/64” drill bit and an injection volume of 100 ml caused longer bark cracks than using Chemjet injectors in combination with a 11/64” drill bit and an injection volume of 20 ml.
 
Overall conclusions
The results from all trials conducted under this project demonstrated the efficacy of OTC trunk injection in increasing yield, fruit, and juice quality of Valencia trees, regardless of tree age, rootstock, and production site. Overall, effects seemed to be larger after two consecutive years of injection. In contrast to Valencia, OLL-8 responded to the injections mainly in terms of fruit/juice quality, but not yield. Whether this is typical for the variety or due to other reasons requires additional studies. 
Higher doses of OTC generally produced larger effects, especially in terms of juice quality, but this was not always the case. Importantly, when performing two- or three-sided injections, lower OTC doses were equally effective to larger doses. Regardless of the OTC dose, we did not observe any phytotoxicity in 2022 or in 2023. Using mainly double-sided injections in our trials could be one possible reason. However, some sectoring (i.e., some branches looking heathier and carrying more and better-quality fruits) was observed in most of the trials. 
No major trunk injury was observed when the Chemjet and the Flexinject methods were used, even in trials 2 and 3, which contained smaller trees. However, the Trecise system caused substantial trunk damage in those trees. 
OTC residue detection in the fruits was affected by background contamination in 2023. It is unclear whether this was because of contamination during handling and extraction of the fruits or during the LC-MS/MS analysis at the USDA NSL laboratory, who newly established the testing method in that year. Considering that the maximum allowed OTC residue levels are very low (10 ppb), and that the analysis method is highly sensitive, this may be an ongoing concern. It is therefore essential to always include multiple, non-injected samples in the analysis to identify potential contamination, and therefore false-positive results.
Fruit OTC residues were not as much affected by the OTC dose applied to the trees but by the month during which the injections were performed. Our trials showed that trees can be injected until June without exceeding the maximum allowed residue level of 10 ppb. However, injections in September resulted in high residues, even when a low OTC dose was applied, and even when maintaining an interval of 180 days between injection and harvest. Whether injections in July and August result in acceptable residue levels need further study.
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