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

Field-level efficacy of Btt and Steinernema riobrave combinations against root weevil larvae
During the current reporting quarter, field experiments continued to evaluate biological control options for
managing Diaprepes root weevil larvae under citrus trees under both summer and winter conditions. This work
focused on determining whether Bacillus thuringiensis (Bt) could improve control when used alone or in
combination with the beneficial nematode Steinernema riobrave (Sr), which is already recognized as an
effective biological control agent against root weevil larvae.

Results from both seasonal field trials showed that S. riobrave remained the most reliable treatment for
reducing larval survival. Under summer conditions, nematode applications provided very high levels of control,
with larval mortality exceeding 85%, and these treatments performed significantly better than the untreated
control. Bt applied alone provided moderate suppression during summer, reducing larval survival more than
the untreated control, but it did not perform as well as the nematode treatments. When Bt was combined with
S. riobrave, control remained high, but the combination did not improve larval mortality beyond what was
achieved with nematodes alone.

Under winter conditions, the pattern was even clearer. Nematode treatments again provided the strongest
suppression of larvae and were significantly better than both the untreated control and Bt alone. The
combination of Bt and S. riobrave also improved control compared with the untreated control, but again did
not outperform nematodes alone. In contrast, Bt by itself did not significantly reduce larval populations during
winter, indicating that its effectiveness is limited under cooler conditions.

An additional finding from this quarter was that Bt consistently increased nematode abundance in the soil,
including during winter, suggesting that it may alter the soil environment in ways that favor nematode
persistence or activity. However, this increase in nematode abundance did not translate into greater larval
mortality beyond what was already achieved with direct nematode application. Therefore, although Bt may
provide some supporting benefit, especially in warmer conditions, it did not function as a stand-alone or
synergistic replacement for nematode-based control.

Overall, the results from this quarter reinforce that S. riobrave is highly effective against Diaprepes larvae in
citrus. Bt may have some supplemental value during summer and may promote greater nematode presence in
soil, but it did not consistently improve pest suppression when added to nematode treatments and was not
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	ABSTRACT: 1. Please state project objectives and what work was done this quarter to address them:
Field-level efficacy of Btt and Steinernema riobrave combinations against root weevil larvae
During the current reporting quarter, field experiments continued to evaluate biological control options for managing Diaprepes root weevil larvae under citrus trees under both summer and winter conditions. This work focused on determining whether Bacillus thuringiensis (Bt) could improve control when used alone or in combination with the beneficial nematode Steinernema riobrave (Sr), which is already recognized as an effective biological control agent against root weevil larvae.
Results from both seasonal field trials showed that S. riobrave remained the most reliable treatment for reducing larval survival. Under summer conditions, nematode applications provided very high levels of control, with larval mortality exceeding 85%, and these treatments performed significantly better than the untreated control. Bt applied alone provided moderate suppression during summer, reducing larval survival more than the untreated control, but it did not perform as well as the nematode treatments. When Bt was combined with S. riobrave, control remained high, but the combination did not improve larval mortality beyond what was achieved with nematodes alone.
Under winter conditions, the pattern was even clearer. Nematode treatments again provided the strongest suppression of larvae and were significantly better than both the untreated control and Bt alone. The combination of Bt and S. riobrave also improved control compared with the untreated control, but again did not outperform nematodes alone. In contrast, Bt by itself did not significantly reduce larval populations during winter, indicating that its effectiveness is limited under cooler conditions.
An additional finding from this quarter was that Bt consistently increased nematode abundance in the soil, including during winter, suggesting that it may alter the soil environment in ways that favor nematode persistence or activity. However, this increase in nematode abundance did not translate into greater larval mortality beyond what was already achieved with direct nematode application. Therefore, although Bt may provide some supporting benefit, especially in warmer conditions, it did not function as a stand-alone or synergistic replacement for nematode-based control.
Overall, the results from this quarter reinforce that S. riobrave is highly effective against Diaprepes larvae in citrus. Bt may have some supplemental value during summer and may promote greater nematode presence in soil, but it did not consistently improve pest suppression when added to nematode treatments and was not effective on its own during winter. These findings help clarify the practical role of these tools in seasonal citrus root weevil management.
All other objectives were paused due to seasonal impacts on Diaprepes field populations 
2. Please state what work is anticipated for next quarter:
Research for the next quarter will focus on DRW dispersal. In the second quarter of 2025, we began working with tracking technology to learn how to use the systems and develop methods appropriate to this system and this quarter we will deploy harmonic radar in groves to track tagged DRW movement within groves to document the extent of their dispersal in and around the production habitat. We plan to use both lab-reared and field collected individuals to increase the sample size and allow for a baseline comparison of dispersal behavior between these groups.
 
 
3. Please state budget status (underspend or overspend, and why):
The budget is on track, with both Duncan and Stelinski labs exhausting most of their funds and the Diepenbrock lab resuming work and using funds this quarter through the end of the project.
 
 
4. Please show all potential commercialization products resulting from this research, and the status of each:
None yet
 
5. Have commercialization partners been determined for any discovery, patent or product resulting from this research? 
 NA
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