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

In this project two advanced zinc nutrient formulations, FertiZink and Nuzinc, were studied, evaluated and compared against Zinc Sulfate.
Project Summary: In this project, two advanced zinc nutrient formulations, FertiZink and Nuzinc were studied, evaluated, and compared against the standard zinc

sulfate. Each material was characterized through a series of physicochemical analyses to assess compositional, morphological, and performance differences.
Physico-chemical Characterization: Both formulations are water-based suspension concentrates that form opaque, milky suspensions when diluted in water. These
suspensions were further analyzed using dynamic light scattering; however, their large hydrodynamic size prevented accurate measurement. To better understand
particle size and morphology, purified suspensions were examined via scanning electron microscopy. Observations indicated that both formulations produce
micron-sized agglomerated particles. FertiZink exhibited distinct flower-like morphologies composed of 1 -2 um clusters with thin sheets under 100 nm wide. X-ray
diffraction confirmed the crystalline nature of the materials, identifying them as zinc nitrate hydroxide and zinc sulfide. Fourier-transform infrared spectroscopy analyses
revealed significant levels of organic additives in both formulations, suggesting their role in particle stabilization and regulation of surface interactions. Additionally,
UV-visible spectroscopy demonstrated that both materials absorb strongly in the UV region. This property could mitigate UV-induced stress in plants while leaving

visible light for chlorophyll absorption.
In Planta Zinc Mobility: Zinc uptake and translocation were evaluated in Swingle citrus liners. Foliar applications were performed to prevent root absorption. Plants

were harvested five days after treatment, and zinc content was quantified using atomic absorption spectroscopy.
Results showed that zinc sulfate markedly increased foliar zinc concentrations but exhibited minimal mobility to other plant tissues. In contrast, both FertiZink and
Nuzinc demonstrated improved zinc translocation. FertiZink significantly enhanced zinc accumulation in stems and roots, while Nuzinc increased stem zinc levels with

moderate root translocation.
Rainfastness Assessment: Rainfastness was studied by subjecting excised leaves from treated plants to sequential water washes followed by an acid wash. The majority
of zinc from zinc sulfate was removed after a single immersion, indicating low adhesion. Nuzinc and FertiZink exhibited higher retention capacities, with FertiZink

retaining the greatest amount of zinc during the acid wash, confirming superior rainfastness.

Field Performance Evaluation: Field trials were conducted over three consecutive years at two experimental sites, each including Hamlin and Valencia orange
varieties. At Site 1, no statistically significant differences were observed among treatments for fruit drop, yield, or quality parameters. However, leaf zinc content varied
across treatments, consistent with laboratory findings on nutrient mobility. At Site 2, stronger treatment effects were observed. Tree health was assessed using a
greening severity scale ranging from 1 (severe symptoms) to 5 (healthy). All zinc treatments improved health scores compared with the untreated control. FertiZink and
Nuzinc, at 800 ppm, significantly increased tree health, with over 92% of trees classified as healthy for both varieties during the last two seasons. Fruit number also
improved in a dose-dependent manner. FertiZink at 800 ppm produced the highest yield increases.

Yield and Quality Data: For Valencia, FertiZink at 800 ppm increased fruit number by 14.4% and 24.9% relative to zinc sulfate in 2023 and 2024, respectively, and by
22.4% and 44.5% compared with the untreated control. For Hamlin, FertiZink improved fruit number by 17.9% and 21.9% over zinc sulfate in 2023 and 2024, and by
16.9% and 21.6% compared with the control.

In addition, FertiZink at 800 ppm increased fruit weight, size, and juice content significantly without negatively affecting overall fruit quality. During the 2024 -2025
season, fruit mass increased by 28.0% (Hamlin) and 39.5% (Valencia) compared with the untreated control. Similar trends were recorded in 2023 -2024 with respective
increases of 24.1% and 44.5%. Differences between Site 1 and Site 2 results suggest the presence of confounding factors such as soil composition, irrigation, and grove
management practices.

Conclusion: Zinc suspension concentrates demonstrated promising horticultural performance with only three applications per season. FertiZink at 800 ppm consistently
outperformed all other treatments in fruit number and mass at Site 2. These field outcomes correlate strongly with laboratory findings on rainfastness and in planta zinc
mobility. Overall, enhanced nutrient mobility to stem and root tissues appears to contribute significantly to the reduction of greening symptoms and improved yield. The
data are being compiled for manuscript preparation and submission for publication.

2. Please state what work is anticipated for next quarter:

Project has been completed
3. Please state budget status (underspend or overspend, and why):

On track.
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 Project has been completed
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 On track.
4. Please show all potential commercialization products resulting from this research, and the status of each:
Nuzinc and FertiZink
5. Have commercialization partners been determined for any discovery, patent or product resulting from this research? 
 There is a commercialization partner. FertZink foliar is now available to citrus growers.
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