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

Objective 1: Evaluate currently available registered insecticides in Florida citrus against DRW

Building on our previous work, we have been evaluating the effect of the combination of Bt subsp. tenebrionis
(Novodor) and entomopathogenic nematodes (S. riobrave BASF; EPN) on survival of Diaprepes root weevil
(DRW) larvae. This work has been completed both in the laboratory and confirmed in a field trial. In the open
grove experiment, the highest level of mortality occurred in the EPN treatment, closely followed by the EPM +
Bt treatment. Bt alone incurred greater mortality than the control. Additionally, we found that all treatments
which included Bt increased the attraction of free-living native nematodes. This is inconsistent with the
laboratory findings that the Bt + EPN combination yielded the greatest mortality of BRW juveniles.

Evaluation of treatment effects on recovery of commercial and native EPN and free-living nematodes is
ongoing. While identification of native nematodes is ongoing, one of the more interesting findings from the field
study is that the Bt only treatment appears to create conditions conducive to the recruitment of both free-living

and EPNs.

Objective 2. Determine the source of DRW infestation and how their dispersal affects management
decisions.

The DRW traps were removed from the site in September 2024, approximately one year after grove
management ceased due to poor tree condition following Hurricane lan. Weevil monitoring occurred for
two complete years and soil biotic and abiotic properties were measured after the first year of weevil
monitoring. A manuscript is in preparation and below are some of the results not previously reported.

Effect of IPCs on soil communities. Half of the trees, in alternating pairs of rows, were covered by IPC during
the two years following planting. Diaprepes traps were installed at 94 equidistant sites in the grove to monitor
weevils, beginning approximately 6 weeks after IPC removal. Thirteen months after [IPC were removed, the
mean trunk girth was 21% larger on previously covered, compared to bare trees, but there was no effect on any
of the physical or chemical soil properties measured here. Communities of soil organisms measured by
metagenomic barcoding and COI gene regions identified. The IPC had no consistent effects on the distributions

of nematode and insect species.

Spatial patterns of soil properties and communities. Based on correlations with the distance between and within rows,
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	ABSTRACT: 1. Please state project objectives and what work was done this quarter to address them:
 Objective 1: Evaluate currently available registered insecticides in Florida citrus against DRW 
Building on our previous work, we have been evaluating the effect of the combination of Bt subsp. tenebrionis (Novodor) and entomopathogenic nematodes (S. riobrave BASF; EPN) on survival of Diaprepes root weevil (DRW) larvae. This work has been completed both in the laboratory and confirmed in a field trial. In the open grove experiment, the highest level of mortality occurred in the EPN treatment, closely followed by the EPM + Bt treatment. Bt alone incurred greater mortality than the control. Additionally, we found that all treatments which included Bt increased the attraction of free-living native nematodes. This is inconsistent with the laboratory findings that the Bt + EPN combination yielded the greatest mortality of BRW juveniles.
 
Evaluation of treatment effects on recovery of commercial and native EPN and free-living nematodes is ongoing. While identification of native nematodes is ongoing, one of the more interesting findings from the field study is that the Bt only treatment appears to create conditions conducive to the recruitment of both free-living and EPNs. 
 
Objective 2. Determine the source of DRW infestation and how their dispersal affects management decisions.
The DRW traps were removed from the site in September 2024, approximately one year after grove management ceased due to poor tree condition following Hurricane Ian.  Weevil monitoring occurred for two complete years and soil biotic and abiotic properties were measured after the first year of weevil monitoring.  A manuscript is in preparation and below are some of the results not previously reported.
 
Effect of IPCs on soil communities. Half of the trees, in alternating pairs of rows, were covered by IPC during the two years following planting. Diaprepes traps were installed at 94 equidistant sites in the grove to monitor weevils, beginning approximately 6 weeks after IPC removal. Thirteen months after IPC were removed, the mean trunk girth was 21% larger on previously covered, compared to bare trees, but there was no effect on any of the physical or chemical soil properties measured here. Communities of soil organisms measured by metagenomic barcoding and COI gene regions identified. The IPC had no consistent effects on the distributions of nematode and insect species.
 
Spatial patterns of soil properties and communities. Based on correlations with the distance between and within rows, there were east to west, increasing gradients of sand particle size, soil macro-nutrients, and cation exchange capacity across the site. Gradients in the opposite direction included elevation and the micronutrients Mn, Fe, and Cu.  Elevation and Mn content also increased along a north to south gradient, whereas most soil macronutrients as well as CEC and organic matter content decreased. The clay content measured in a second soil survey (see section on DRW drivers) was positively associated with the coarser sand particles and exhibited a decreasing gradient from west to east at the site.
 
Several major groups of soil organisms (i.e., prokaryotes, fungi, nematodes, arthropods) exhibited significant gradients across, but not within, the tree rows. The species richness (S) of the prokaryotes including Paenibacillus spp. decreased from west to east, whereas S for nematodes and insects increased in the opposite direction. The species richness (S) for fungi, mites and collembola was random among the 94 sites, but aggregation indices for prokaryote, nematode and insect S were significant. Procaryote S, including that for Paenibacillus spp. were associated with that of collembola, but highly dissociated with nematodes and insects. Species richness of fungi was also dissociated with that of insects, whereas nematodes and insects were sympatric at the site.
 
DRW drivers. Soil cation exchange capacity (CEC) directly or indirectly reflected a potential edaphic driver of DRW distribution in the survey site.  However, a discrepancy in the data is that CEC was significantly associated with a gradient of coarse, rather than fine sand particles in the grove. On June 10, 2023, soil was again sampled in the same manner as previously to determine soil clay content (Waters Agricultural Laboratory), sand particle sizes and moisture content (weight water:soil dry weight after drying for 48 h at 70oC) at 16 locations equally spaced in both directions across the block. The clay and water content measured in the second soil survey were positively associated with the coarser sand particles, and as shown for coarse sand in the original survey, exhibited a decreasing gradient from west to east at the site. Heat maps are being developed to compare weevils and soil organisms and are being analyzed. Those relationships will be described in the final project report. 
 
2. Please state what work is anticipated for next quarter:
Obj. 1: We will continue identifying the free-living nematodes attracted to the Bt treatments from the grove and work on writing up this research for publication. Additional field research will have to wait until Spring of 2025 when studies on DRW can be performed in the groves.
 
Obj. 2: We will continue to analyze data from this past quarter. Additionally, we have installed our Diaprepes traps in another site with a known heavy infestation in a neighboring county from our initial site. We will continue to monitor these traps weekly. They are placed in a field in proximity to the other Diaprepes project our team is working on (L. Duncan lead) and we will use these data to support both research projects. 
 
3. Please state budget status (underspend or overspend, and why):
We are slightly underspent but anticipate that we will use the entirity of our funds through the duration of this 3 year project.
 
 4. Please show all potential commercialization products resulting from this research, and the status of each:
None yet
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