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

The objectives are to 2) determine if the flush cycle and infection period for Z. citri-griseum have changed due to the
influence of HLB on citrus physiology or changing environmental factors; 4) evaluate the potential promotion of
“greasy-green” symptoms related to nutrition programs or to peel reactions like a chemical “burn” from different pesticide
and combinations of pesticide tank mixes; and 5) evaluate if postharvest degreening treatments might be modified to
adequately remove the green coloration while mitigating poor shelf life from anticipated longer degreening times.

Objective 2: To determine whether the flush cycle and infection period for Zasmidium citri-griseum have changed due to
the influence of HLB on citrus physiology and other factors such as the changing environment, a site located in Fort
Pierce was selected based on feedback from growers. In 2022, two blocks with different grapefruit varieties were
selected at the site for monitoring. Within each block, two groups of twenty mature grapefruit trees with similar canopy
health status were selected and ten flush per tree was tagged. As was anticipated, there was significant shoot and fruit
growth over time in both seasons and for both varieties. In the 2022 season, new shoot production fluctuated greatly,
with peaks observed in June and August for white grapefruit and in June and September for red grapefruit. In the 2023
season, new shoots were mostly observed in June, July, and September for both varieties. Fruit assessment revealed that
in the 2022 season, fruit size for both varieties started small in May, with white fruit being slightly smaller than the red
variety. Both varieties showed a significant increase in size from May to July, maintaining similar sizes with slight
variations, and reaching around 8 cm by December. In 2023, a similar increase in fruit size was observed from May to
July, with both varieties reaching around 8 cm by October. Our later season data points were not able to be collected
because the grower harvested without prior communication in mid-November. They also hedged the red grapefruit trees
in the spring, removing a signficant proportion of the fruit and foliage.

Preliminary results of epiphytic growth on leaves in the 2022 season showed initiation in June, with peaks in late August
and early October. Spore count fluctuated throughout the season, with peaks around August and mid-September, and
declined at the end of the season in November. In the 2023 season, epiphytic growth started in May, declined sharply in
late July, and peaked again in August and September. Spore count started in May and increased sharply in June, fell in
July but increased to a significant peak in early August. Another peak was observed in through September, followed by a
large drop in October and November. Overall, there was a close relationship between spore count and epiphytic growth,
with peaks in spore count often aligning with increases in epiphytic growth. The 2023 season showed more variability
and higher peaks in both spore count and epiphytic growth compared to the 2022 season. These results reflect a subset
of samples taken. Working continues with data collection on all the leaf disk samples, but there are over 50,000 samples
to observe. We have now 100% of the leaf samples from 2022 evaluated but the data is not summarized as counting has
been the focus. Aproximately 60% of 2023 has now been counted and we still anticipate finishing by the end of the
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1. Please state project objectives and what work was done this quarter to address them:
The objectives are to 2) determine if the flush cycle and infection period for Z. citri-griseum have changed due to the influence of HLB on citrus physiology or changing environmental factors; 4) evaluate the potential promotion of “greasy-green” symptoms related to nutrition programs or to peel reactions like a chemical “burn” from different pesticide and combinations of pesticide tank mixes; and 5) evaluate if postharvest degreening treatments might be modified to adequately remove the green coloration while mitigating poor shelf life from anticipated longer degreening times.   
 
Objective 2: To determine whether the flush cycle and infection period for Zasmidium citri-griseum have changed due to the influence of HLB on citrus physiology and other factors such as the changing environment, a site located in Fort Pierce was selected based on feedback from growers. In 2022, two blocks with different grapefruit varieties were selected at the site for monitoring. Within each block, two groups of twenty mature grapefruit trees with similar canopy health status were selected and ten flush per tree was tagged. As was anticipated, there was significant shoot and fruit growth over time in both seasons and for both varieties. In the 2022 season, new shoot production fluctuated greatly, with peaks observed in June and August for white grapefruit and in June and September for red grapefruit. In the 2023 season, new shoots were mostly observed in June, July, and September for both varieties. Fruit assessment revealed that in the 2022 season, fruit size for both varieties started small in May, with white fruit being slightly smaller than the red variety. Both varieties showed a significant increase in size from May to July, maintaining similar sizes with slight variations, and reaching around 8 cm by December. In 2023, a similar increase in fruit size was observed from May to July, with both varieties reaching around 8 cm by October. Our later season data points were not able to be collected because the grower harvested without prior communication in mid-November. They also hedged the red grapefruit trees in the spring, removing a signficant proportion of the fruit and foliage.
Preliminary results of epiphytic growth on leaves in the 2022 season showed initiation in June, with peaks in late August and early October. Spore count fluctuated throughout the season, with peaks around August and mid-September, and declined at the end of the season in November. In the 2023 season, epiphytic growth started in May, declined sharply in late July, and peaked again in August and September. Spore count started in May and increased sharply in June, fell in July but increased to a significant peak in early August. Another peak was observed in through September, followed by a large drop in October and November. Overall, there was a close relationship between spore count and epiphytic growth, with peaks in spore count often aligning with increases in epiphytic growth. The 2023 season showed more variability and higher peaks in both spore count and epiphytic growth compared to the 2022 season.  These results reflect a subset of samples taken. Working continues with data collection on all the leaf disk samples, but there are over 50,000 samples to observe.  We have now 100% of the leaf samples from 2022 evaluated but the data is not summarized as counting has been the focus.  Aproximately 60% of 2023 has now been counted and we still anticipate finishing by the end of the project.  Analysis is underway of the 2022 data.
The assements of the fruit epiphytic growth is complete. In the 2022 season, epiphytic growth on fruit was observed in early September which increased in October but declined in November and December. Spore counts mirrored the epiphytic growth patterns, starting in September, peaking in October and declining in November and December. In the 2023 season, epiphytic growth was observed in September when it peaked.  The epiphytic growth was significantly less in October and November.  The spore patterns again mirrored the same trend. The peak in September caused us to question what was happening earlier in the season so in 2024 sampling was done from July.  Epiphytic growth on fruit began in July, rather than in September as previously found, which is more in line with expectations. It peaked in August and declined in September and was nearly non-existant in October.  The fruit sampling ended each year when the fruit were harvested. A second degreening trial was conducted in late 2024 to evaluate epiphytic growth and the level of degreening. In 2023, there was a clear relationship between the number of spores and the amount of ephiphytic growth; when one increased, the other increased. In 2024, there was not clear trend for spore count.  For the epiphytic growth, there was an increase in growth with increased greasy green but at the higher two scales, there are low levels of epiphytic growth.  We are trying to work out why this may have occurred.  Depsite the somewhat confusing results of 2025, the data lead towards the conclusion that greasy green and rind blotch are related symptoms caused by Zasmidum citri-griseum. We are still working to confirm this with the molecular data now that the species specific primers have been developed.
We performed DNA sanger sequencing of the transcription elongation factor (TEF1), long ribosomal subunit (LSU), and the internal transcribed spacer (ITS) regions for a set of putative fungal isolates collected in Florida from leaf litter from grapefruit trees exhibiting greasy spot symptoms. We successfully identified Z. citri-griseum with a high sequence identity percentage (>95%) from a blast search against the NR database at NCBI. From the blast results, we also discarded a few isolates (6 in total) that corresponded to Cercospora loranthi co-occurring fungus which is not considered a citrus pathogen (Huang et al., 2015). Specific primers based on TEF1 have now been developed and confirmed to be selective for Z. citri-griseum and have been tested with common foliar pathogens and contaminants from the leaf litter. The TEF1 gene was sequence from approximately 30 isolates collected from around the state in 2023 and 2024 to better understand genetic relationships among the isolates.  Further gene sequencing is underway and potentially fully genomes to better understand the variation we see among collected isolates. A manuscript of the genome assembly of the Z. citri-griseum was submitted to the peer-reviewed journal PhytoFrontiers as a genome announcement. We received revisions and they have been submitted. The next step is to integrate the results from all collected isolates for phylogenetic analysis to clarify the genetic diversity of the greasy spot pathogen in the study locations.
 
Objective 4:  We are also trying to meet with growers to compare programs from greasy-green affected and non- or less-affected blocks. The response is that there is not much difference between blocks. Some have indicated a willing to meet, but the actual dates for those meetings are still pending.
The Co-PI has indicated that the survey work is planned for May but no update has been given.  
 
Objective 5: Over 300 fruit from each the White and Red grapefruit blocks we have worked in previously were harvested.  For the degreening study, four groups of 75 fruit each were used. One group went straight into an incubation room at 72F. The other 3 groups went into a degreening room at 72F with 4 ppm ethylene. The other 3 treatments were moved to the incubation room after 2, 5, or 6 days of degreening. Peel color was measured on days 0, 2, 6, 14, and 16, and decay/disorders evaluated 14 & 22 days after the start of treatments. The day 22 evaluation (11/22/24) was recently undertaken and then the fruit were discarded. None of the treatments were found to give commercially acceptable peel color.  We conclude that to prevent greasy green in the packinghouse, in field management will be required.
 
 
2. Please state what work is anticipated for next quarter:  Continued observation of the epiphytic growth on leaves. Work on data analysis. Connect Z. citri-griseum with greasy green symptoms on fruit based on the specific primers. Look at relationship between earlier than normal leaf symptoms and current state of epiphytic growth in symptomatic grove.
 
3. Please state budget status (underspend or overspend, and why): We have an underspend on the budget because the graduate student was awarded a fellowship that pays for half of the stipend (this project only covered 75% of the plant pathology madatory stipend) and half tuition.  This was not an anticipated event.  We don't think we will have the page charges in time to pay with this project funds so we have asked for a budget revision to use these funds for sequencing (submitted separately).
 
  
4. Please show all potential commercialization products resulting from this research, and the status of each: None at this date.
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