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This project has four primary goals: 
 
1) Tracking sulfoxaflor concentration in leaves over time 
2) Determining sulfoxaflor treatment levels on alfalfa pest control 
3) Determining sulfoxaflor residual concentrations that reach alfalfa leaf cutting bee provisions 
4) Determining development and survival of alfalfa leaf cutting bees on plants treated with 
sulfoxaflor 
 
When this study was initiated, sulfoxaflor was a newly licensed pesticide available for use. On 
September 10th, 2015, however, the Ninth Circuit Court of Appeals vacated the prior licensing 
of the product in the United States, due to insufficient data demonstrating its safety for bees. 
Thus, for this product to be sold in the U.S. in the future, additional safety data will have to be 
presented to EPA. 
 
Work Carried Out in 2016: 
16 12' x 12' raised beds of alfalfa, established and seeded in 2015, were maintained through the 
year at the primary study site (Blandy Experimental Farm, in Boyce, Virginia). As flowering 
commenced in mid June, newly emerged alfalfa leafcutter bees (5 males and 5 females) were 
caged in each plot and monitored until at least 2 females in each cage were seen actively 
provisioning offspring in an artificial domicile (a paper straw within a section of pvc pipe). At 
that point, all females from each cage were transported at night along with their nest to a 
laboratory adjacent the field plot and housed the following day with access to sugar water. 
While the females were housed in the laboratory, sulfoxaflor (trade name Transform) was 
applied to plots in one of four concentrations (0, 0.75, 1.5 and 2.75 oz per liter), representing a 
control, an aphid dose, and the minimum and maximum field concentrations recommended for 
broad control of sap-sucking pest insects. Four replicates of each treatment were carried out. 
Label recommendations were to apply after dark when possible in order to avoid pollinators 
encountering plants within 3 hours of pesticide application, given high toxicity of wet residue. 
Two resident females per plot were returned to their caged plot at night, within their nests, 6-
10 hours after application. They were allowed to forage the following day. Only two females 
were returned to their enclosure in order to reduce the likelihood of competition for resources 
within cages. 
 
Over the remainder of the flowering season (~3 weeks), plots were monitored daily for bee 
survival and nest completion, every other day and then weekly for sulfoxaflor residue in leaves, 
and weekly for total inflorescences within the plot.  Because we presented bees with short 
nesting cavities (2 inch straws), nests were usually completed in 2-3 days and contained 2-3 
brood cells. Nests were removed from the enclosure immediately upon completion and brood 



cells were placed in individual gel capsules and identified with their plot of origin, treatment 
and elapsed time from the application of pesticide treatment to the plot until the date of 
provisioning for that brood cell. Brood cells were either monitored for larval development or 
placed in an ultra-cold freezer (-80C) for later pesticide residue analysis. Adult female bees that 
died or disappeared in their cages were immediately replaced and paired with males in the 
cage, though it typically took several days for them to initiate provisioning. 
 
Primary FIndings 
 
Flowering Duration: Sulfoxaflor greatly enhanced flowering time in plots. All plots had similar 
numbers of flowers 1 day after treatment but flowering dropped by 50% in the control within 7 
days and approached 0 after 2 weeks. Flowering remained high in all 3 sulfoxaflor treatments 
for 2 weeks after treatment before plummeting in week 3. This result is similar to one from 
2015 when cages were placed in a long-established commercial agricultural alfalfa field rather 
than newly planted raised beds. The cause of this phenomenon is unknown, but could be due 
to either plant physiological processes caused by the pesticide compound or by a reduction of 
pest insects in treatment cages. 
 
Adult Alfalfa Leafcutter Bee Survival After Pesticide Treatment: Both adult females in all 4 
replicate cages of the two highest treatments disappeared immediately after release and were 
presumed dead. 37.5 % of females survived the lowest sulfoxaflor treatment, while 87.5% of 
the control bees survived removal and return to their cages when plants were treated only with 
water. Thus, adult survival in cages was strongly influenced by pesticide treatment when bees 
were introduced the day following treatment. Initial attempts to replace dead females in those 
cages were unsuccessful for several days, but eventually successful.  
 
Pesticide residues in leaves and bee provisions: Seventy-six leaf samples were analyzed during 
this part of the study. Recorded residues in leaves ranged from a mean of 800 ng/g for the high 
pesticide treatment after 2 days to a high of ~175 ng/g for the low pesticide treatment after 2 
days. These levels are close to the expected range based on EPA data and below the threshold 
where harmful effects have been found on adult honey bees. Residue levels in leaves declined 
steeply and were undetectable after 2 weeks. Twenty-three bee provisions (18, excluding 
controls) were analyzed for residues. Residue levels in bee provisions roughly paralleled those 
in leaves, never above thresholds known to be toxic to honey bee adults and dropping to 
undetectable levels within 2 weeks. It must be noted with caution, however, that no provision 
estimates are available for the first few days after pesticide treatment from the two highest 
treatment levels. This is a result of complete mortality of the adults that would have 
provisioned their nests when residue levels in floral resources were highest. 
 
Larval Leafcutter Bee Survival: 
Ninety-one leafcutter bee larvae were monitored for development to the mature larval stage 
following consumption of provisions collected under the cage treatments. Unfortunately, these 
data are difficult to interpret due to confounding trends in the data. In simplest form, bees 
survived best in the control treatment (88% success) and poorest in the two highest pesticide 



treatments (22%). This pattern may be artefactual, however. The control data come mainly 
from the first week of the experiment (the only week in which flowers were plentiful in the 
control cages) and the high pesticide data come only from the last two weeks of the 
experiment, after replacement adults were able to survive and start provisioning. Thus, there is 
near complete temporal separation of the data. Within the low and the higher pesticide 
treatments there is greater survival 2 weeks after pesticide application (61% survival) than 
three weeks (14%). This is counter to an expectation of increasing survival as pesticide levels 
decrease over time if pesticide residues are the main mortality factor. It seems more likely to 
have come from a different mortality factor, such as disease, increasing over time. Thus, the 
larval data must be considered equivocal. 
 
Conclusions  
Sulfoxaflor had a substantial positive effect on plant flowering but a substantial negative effect 
of adult leafcutter survival within 1-several days after treatment. Studies focused on 
determining the exact duration of time before it is safe to introduce adult leafcutter bees 
following application are warranted. It would also be warranted to study the role that 
environmental factors, such as humidity, have on the duration of time that sulfoxaflor residues 
remain highly toxic. Strong data on larval performance of alfalfa leafcutter bees exposed to 
sulfoxaflor residuals through provisions are still needed. 


