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

Objectives:

1) To determine the right timing for Zn and K treatments to minimize fruit drop.

2) To determine effects of GA3 and 2,4D applications on fruit retention when applied at different times
during fruit development.

3) To develop a strong and proactive outreach program.

Below is a summary of the work performed during the project, highlighting the most significant results:

1) To determine the right timing for Zn and K treatments to minimize fruit drop.
This study evaluated the effects of foliar applications of Zinc Sulfate (Zn), Potassium Nitrate (K), and
their combination on fruit retention, hormone signaling, and yield in HLB-affected "Valencia' and
"Hamlin' sweet orange trees over three seasons. In the third season, as the trees were in clear
decline, trunk-injected homobrassinolide (HBr) was also applied to improve tree health and hence,
response to the treatments.
Treatments were done by foliar application with a pressure handgun sprayer.
1. Water control
2. Zn: 50g/tree of Zn sulfate (as a supplement of the UF/IFAS recommendation)
3. K: 60g/tree of K sulfate (as a supplement of the UF/IFAS recommendation)
4 Zn+K: 50g Zn and 60g K per tree (as a supplement of the UF/IFAS recommendation)

Field trials were conducted in a commercial grove in Hendry County, Florida (2022-2023,
2023-24), and in Collier County, Florida (2024-2025). We focused on foliar nutrient applications
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1. Please state project objectives and what work was done to address them:
Objectives:
1) To determine the right timing for Zn and K treatments to minimize fruit drop.
2) To determine effects of GA3 and 2,4D applications on fruit retention when applied at different times during fruit development.
3) To develop a strong and proactive outreach program.
 
Below is a summary of the work performed during the project, highlighting the most significant results: 
 
1) To determine the right timing for Zn and K treatments to minimize fruit drop.
This study evaluated the effects of foliar applications of Zinc Sulfate (Zn), Potassium Nitrate (K), and their combination on fruit retention, hormone signaling, and yield in HLB-affected `Valencia' and `Hamlin' sweet orange trees over three seasons. In the third season, as the trees were in clear decline, trunk-injected homobrassinolide (HBr) was also applied to improve tree health and hence, response to the treatments. 
Treatments were done by foliar application with a pressure handgun sprayer.
1.         Water control
2.         Zn: 50g/tree of Zn sulfate (as a supplement of the UF/IFAS recommendation)
3.         K: 60g/tree of K sulfate (as a supplement of the UF/IFAS recommendation)
4.         Zn+K: 50g Zn and 60g K per tree (as a supplement of the UF/IFAS recommendation)
Field trials were conducted in a commercial grove in Hendry County, Florida (2022-2023, 2023-24), and in Collier County, Florida (2024-2025). We focused on foliar nutrient applications across multiple time points from June to September in Hamlin and from June to December in Valencia, evaluating horticultural traits (canopy volume, yield, and fruit drop). In the second and third seasons we also determined indole-3-acetic acid (IAA) levels, and expression of abscission-related genes (auxin and ethylene related genes, including ARF, auxin responsive facttors, and EIN ethylene signalling genes). In the last season, since the trees were in clear decline due to hurricane impact, we assessed whether trunk-injected HBr in combination with foliar sprays enhanced physiological responses and fruit retention under HLB-endemic conditions using the same time points from the previous years. Statistical analyses were conducted separately by cultivar using ANOVA and aligned ranks transformation. 
Results in Hamlin
In the first season, we performed treatments at three different dates: on early June 2022, a second set of treatments by the end of July, 2022, and a third set by early September 2022. Every set of treatments was performed in independent blocks, so treatments are applied only once, to assess the best timing to achieve the best results. Results for this first season, seem to confirm our hypothesis that only one treatment of Zn and Zn+K, done at the right time, may increase yield. These are the data for the first year:
In Kg per 3 trees, control was 67,8, Zn+K applied in June was 70.3 (4% increase, not significant at p<0.05), Zn+K applied by the end of July was 83.9 (25% increase, significantly different), and Zn+K applied in early September was 105,4 Kg (57% increase, statistically significant at p<0.05). It is worth mentioning that this treatment was performed 3 weeks before hurricane Ian. 
In the following seasons, in `Hamlin', September applications of Zn or K decreased fruit drop in the second season, although not statistically significant. In the second season, yields from plots treated with Zn and Zn+K in September were significantly higher than non-treated controls. Our yield numbers, translated to boxes per acre, were 165 boxes/ acre in nontreatted controls, 224 boxes/ acre in Zn-treated trees, and 275 boxes/ acre in Zn+K treated trees. These differences were statistically significant at p<0.05. IAA levels were increased by the Zn treatment and remained high until harvesting, as compared to a transient increase in the controls by September to deline sharply thereafter. In the last season, trees were in clear decline; for this reason we decided to perform a treatment with HBr injection, to improve tree health; HBr injection stabilized IAA levels, induced expression of genes related to auxin signaling and production, and ireduced slightly fruit drop. Gene expression data confirmed that HBr modulated hormonal signaling by promoting auxin pathways and suppressing expression of ethylene-related genes like EIN2.
 
 
Results in Valencia
Results in the first season showed an increase in Kg per 3 trees after December application: the combination of Zn and potassium yielded 52,75 Kg per 3 trees, as compared to 24.5 in the controls. Zn and K applied alone did also increase yields but to a lesser extent. Yield was 42 Kg per 3 trees after Zn application and 37,5 after K application in December. Yields after earlier applications (June and July) did not show any significant effects. All in all, this is coincident with what we observed in Hamlin, that only the latest application had a significant effect on yield, as a result of fruit drop reduction at a time when it started to increase due to competence for resources.
In  following the seasons `Valencia', trees receiving Zn + K sprays showed moderate improvements in canopy volume, fruit size, and juice quality.  In the second season, harvest in Valencia was done in late April. Yields from plots treated with Zn and Zn+K in December were significantly higher than non-treated controls. Our yield numbers were 16 pounds of fruit per tree in nontreated controls, and other application dates: 24 pounds of fruit per tree in Zn-treated trees, and 27 pounds of fruit per tree in Zn+K treated trees. These differences were statistically significant at p<0.05. 
In the last season, with HBr treatment combined, we found that cummulative fruit drop declined when treatments were performed in December, which may explain why we had more yield with the December treatments. Potassium increased IAA concentration and ARF gene expression, indicating enhanced auxin signaling. However, yield and fruit drop were largely unaffected, likely due to advanced HLB severity and external stressors, including Hurricane Ian. 
Overall, the study demonstrates that foliar Zn and K influence hormonal dynamics in HLB-affected trees and increase yield,  but their efficacy is enhanced when combined with HBr injection in declining trees. 
 
2) To determine effects of GA3 and 2,4D applications on fruit retention when applied at different times during fruit development.
 
         The field trials were initiated on a commercial grove located in Fort Meade, Florida starting in 2023 and repeated for 3 years on the same trees. Two cultivars, `Hamlin' and `Valencia', were used in the study and were mature in age (20+ years old). Replicate trees (n=6) were selected based on uniform canopy density that was taken prior to the trial beginning to mitigate variation caused by HLB. Applications began each year in July and were sprayed every 45 days. The treatments (n=8) were as follows:
1.         Untreated control
2.         GA 10 oz/acre (Progibb, Valent)
3.         2,4-D 1.2oz/acre (Citrus Fix, AMVAC)
4.         GA + 2,4-D
Results in Hamlin
Table 1 has yield and yield efficiency data for all 3 years from the `Hamlin' block. Yield efficiency is calculated by diving the pounds of fruit harvested from each tree by the canopy volume to normalize for differences in tree size. The cumulative yield is the yield added together over the 3 years. There were no significant results from yield or yield efficiency from the Hamlin block from any year or any treatment.
Table 2 has the fruit quality data from all 3 years from the Hamlin block. In the 3rd and final year, the GA only treatment had significantly higher Brix and ratio than the control treatment. 
Table 3 has the FDF data from year 3 for Hamlin. In year 3, fruit from the control treatment had significantly lower FDF than both the 2,4-D treatment and the GA+2,4-D treatment although no differences in fruit drop or yield were achieved.
Figure 1 shows the canopy density progression of Hamlin over the course of the 3 years of the study. There were no signficant differences in canopy density among any treatment at any time point.
 
 
 
Results in Valencia
Table 4 contains all the yield and yield efficiency data for the Valencia site for all 3 years and the cumulative yield (all 3 years added together). There were no significant differences seen in year 1. In year 2, control was significantly lower in yield and yield efficiency whereas, GA+2,4-D was significantly higher in both parameters. GA also had significantly higher yield but not yield efficiency. In year 3, GA was the only treatment to be significantly higher in yield and yield efficiency whereas control was again significantly lower in both. Over the course of the 3 years, the GA and GA+2,4-D produced significantly more pounds of fruit than control while the GA was only treatment to maintain the highest yield efficiency over 3 years. 
 
Table 5 has the fruit quality data from all 3 years from the Valencia block. There were no significant differences seen on Brix, acid, or ratio in the Valencia site during the 3 years of the study.
Table 6 contains the FDF data from all 3 years for the Valencia site. In year 1, control had the highest percentage of fruit abscising (AZ%) with the GA and GA+2,4-D treatment abscising the lowest. There were no differences seen in year 2. In year 3, 2,4-D had significantly higher FDF than both GA and control. Control had the highest rate of abscission being lower than all the other treatments. 
Figure 2 shows the canopy density progression of Valencia over the course of the 3 years of the study. There were no significant differences in canopy density among any treatment at any time point.
 
 
3) To develop a strong and proactive outreach program.
During the course of this project, results have been presented regularly with updates at different venues, including annual meetings of the FSHS and ASHS, Citrus Expo, Citrus Show, and zoom presentations. We delivered 26 talks. One international In Service Training (IST) was delivered. In addition, one field day was organized at SWFREC, 3 articles were published in trade journals, and 1 podcast interview was produced.
Several papers in peer reviewed journals are at different stages of preparation.
 
 
 
 
 

 
	Year: [2025]
	Month: [July]
	%Completion: 1


