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ABSTRACT (Executive Summary-public report-do not disclose proprietary information or intellectual property)
The project had the following 4 objectives:

Objective 1: Study the changes in the reactive oxygen species (ROS) and investigate the correlation
between ROS accumulation, sucrose levels and callose deposition in early season sweet oranges.

Objective 2: Quantify fruit drop and canopy yield efficiency in "Parson Brown' as compared to "Hamlin'.
Understand the underlying mechanism of better fruit retention and yield efficiency in "Parson Brown' as
compared to "Hamlin'.

Objective 3: Determine the mechanism underpinning the tolerance of *Parson Brown' to HLB by leaf
volatiles and non-volatile metabolite analysis using GC-MS.

Objective 4: Evaluate other early season sweet oranges such as "Roble’, "Carney -2', "Carney-3' and new early
season sweet orange germplasm obtained from the USDA's National Clonal Germplasm Repository for
Citrus, Riverside, CA.

Results:

Obj 1: Our study shows that "Parson Brown' sweet orange maintains significantly lower levels of reactive
oxygen species (ROS) --such as H,0, and O, --after infection with Candidatus Liberibacter asiaticus
compared to the more vulnerable "Hamlin' and "Roble' cultivars. Infected “Parson Brown' trees had the
lowest hydrogen peroxide levels and weaker signals in DAB, NBT, and H,DCFDA staining, indicating less
oxidative stress. This decrease in ROS accumulation was linked to a stronger antioxidant gene response,
including increased expression of glutathione S-transferases, thioredoxin-like proteins, and several
peroxidases, which suggests a more effective ROS detoxification system that minimizes tissue damage and
avoids excessive oxidative bursts.

Obj 2: The comparison between "Hamlin' and "Parson Brown' sweet orange across the 2023 -2024 seasons
reveals that Parson Brown generally shows stronger fruit retention and better late-season performance,
mainly due to hormonal differences affecting fruit drop. Hamlin has higher abscisic acid (ABA) levels in the
fruit abscission zone, leading to earlier detachment, whereas Parson Brown maintains lower ABA and
relatively higher cytokinins, which delay abscission and extend fruit retention. In 2023, Parson Brown also
demonstrated greater fruit detachment force, indicating a lower drop risk, along with early leaf trait
advantages. Despite hurricane-related stress in 2024, Parson Brown continued to outperform with laraer
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	ABSTRACT: The project had the following 4 objectives: 
Objective 1: Study the changes in the reactive oxygen species (ROS) and investigate the correlation between ROS accumulation, sucrose levels and callose deposition in early season sweet oranges. 
Objective 2: Quantify fruit drop and canopy yield efficiency in `Parson Brown' as compared to `Hamlin'. Understand the underlying mechanism of better fruit retention and yield efficiency in `Parson Brown' as compared to `Hamlin'. 
Objective 3: Determine the mechanism underpinning the tolerance of `Parson Brown' to HLB by leaf volatiles and non-volatile metabolite analysis using GC-MS. 
Objective 4: Evaluate other early season sweet oranges such as `Roble', `Carney -2', `Carney-3' and new early season sweet orange germplasm obtained from the USDA's National Clonal Germplasm Repository for Citrus, Riverside, CA. 
Results:
Obj 1: Our study shows that `Parson Brown' sweet orange maintains significantly lower levels of reactive oxygen species (ROS) --such as H₂O₂ and O₂⁻ --after infection with Candidatus Liberibacter asiaticus compared to the more vulnerable `Hamlin' and `Roble' cultivars. Infected `Parson Brown' trees had the lowest hydrogen peroxide levels and weaker signals in DAB, NBT, and H₂DCFDA staining, indicating less oxidative stress. This decrease in ROS accumulation was linked to a stronger antioxidant gene response, including increased expression of glutathione S-transferases, thioredoxin-like proteins, and several peroxidases, which suggests a more effective ROS detoxification system that minimizes tissue damage and avoids excessive oxidative bursts.
Obj 2: The comparison between `Hamlin' and `Parson Brown' sweet orange across the 2023 -2024 seasons reveals that Parson Brown generally shows stronger fruit retention and better late-season performance, mainly due to hormonal differences affecting fruit drop. Hamlin has higher abscisic acid (ABA) levels in the fruit abscission zone, leading to earlier detachment, whereas Parson Brown maintains lower ABA and relatively higher cytokinins, which delay abscission and extend fruit retention. In 2023, Parson Brown also demonstrated greater fruit detachment force, indicating a lower drop risk, along with early leaf trait advantages. Despite hurricane-related stress in 2024, Parson Brown continued to outperform with larger fruits and higher late-season sugars, although some differences, like FDF and acidity, decreased under storm conditions.
Obj 3: We found that the `Parson Brown' sweet orange has a distinctive chemical defense profile, involving both volatile organic compounds (VOCs) and non-volatile metabolites, which supports its resistance to Candidatus Liberibacter asiaticus (CLas). Using GC-MS for VOC analysis and polar metabolite profiling, we demonstrate that `Parson Brown' significantly differs from susceptible cultivars (`Hamlin' and `Roble') in both the makeup and regulation of its specialized metabolites.
Obj 4: This is an ongoing activity, and we have clonally propagated and planted all the trees mentioned in the project in our field site in Deluca for evaluations. 
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