
Powdery  Mildew  of  Cucurbits 
Fungicide  Sensitivity  Seedling  Bioassay  Methods 

 
Margaret Tuttle McGrath, Plant Pathology & Plant-Microbe Biology, Cornell University 

Seed pumpkin (or summer squash) in trays about 3 weeks before desired date to conduct 
bioassay.  Other cucurbit crop types might work fine; I have only tried these.  I find pumpkin to 
be better because squash are more likely to start to produce flowers at a very young age, which is 
an undesirable drain of plant resources from leaves.  I remove any flowers or side branches that 
form, which is usually not until the incubation phase.  The healthier the leaves, the better the 
results.  Select a variety with no claims of powdery mildew resistance.  I suggest using ‘Gold 
Challenger’ from Rupp Seeds.  Young seedlings at 2-leaf stage are best for bioassay; 1-leaf stage 
also works well; 3-leaf is okay.  Unless the date for the bioassay is pretty firm, multiple planting 
dates may be warranted to ensure seedlings are at a good stage for the assay considering how 
quickly cucurbit plants grow and that only green, healthy leaves are useful for the assay (old 
leaves starting to yellow are not), plus tall seedlings are more prone to wind damage while 
outside.  Grow the bioassay seedlings indoors, preferably in a growth chamber or in a greenhouse 
where they will not be exposed to powdery mildew (which is challenging if there are open vents).  
Seedlings grown outdoors are not as susceptible.  I start seedlings in 48-cell trays.  When 
seedlings have one true leaf forming (about 10 days after seeding, less when temperature is 28-32 
C), transplant into 4-in pots.  I put the seedling in the pot such that cotyledons are just above 
where soil will be, then fill with mix so that max amount of stem is in soil (sturdier plant).  At 
this point I’ve moved them to the greenhouse because I don’t have enough growth chamber space 
for the amount I’m usually working with, and exposure to greater light in greenhouse likely helps 
prepare them for being outdoors.  Provide good fertilization (err on the side of too much; I 
fertilize at every watering with our greenhouse hose connected to a dosatron nutrient delivery 
system).  Water base of pot.  Control thrips because they cause feeding injury on leaves and the 
nymphs eat mildew! Inspect for mildew spots regularly until assay.  If any spots develop, 
promptly mark them out with a black Sharpie (turn whole spot black), a few spots won’t interfere 
with bioassay results.   

Prepare plants for treatment about 2 weeks after putting in pots:  Arrange in groups for each 
treatment.  I have 2 untreated control plants for each group of treated seedlings because of the 
importance of the control (growth on each of the treated seedlings is compared to the control, so 
if there was only 1 control plant and something happened to it, e.g. it broke, there would be no 
results!).  Put treatment # on pot.  Pinch off growing tip, leaves that are less than half expanded, 
any flower buds, and any branches.  I have done bioassays with plants that were not trimmed to 
just the treated leaves so the plants were more natural and found them to be not as good: plants 
got big and prone to toppling over which meant needed more bench space, the treated leaves 
being old on actively growing plants are more apt to start senescing, and it is bit harder to find 
leaves to rate (not a big deal as the bit of extra time is about as much as time spent trimming 
plants.   

Treatment:  I spray to coverage on upper leaf surfaces with a backpack sprayer.  Space plants 
on the bench so that there are no overlapping leaves.  Let dry over night.  I use formulated 
product rather than technical because this is a bioassay being conducted on leaves. 



Exposure:  Day after treatment, water well and then arrange pots in bioassay groups with 1 
pot per treatment plus 2 untreated control plants.  Put them in trays; those molded to the pot 
shape are best so that pots can’t fall over.  I use a van or enclosed pick-up to transport to farms.  
Put seedlings amongst field-grown plants with powdery mildew.  I pick an open spot so they 
aren’t buried under the crop canopy, near leaves with plenty of powdery mildew.  I remove some 
seedlings from the trays as needed to space them out so leaves are not overlapping; or use lots of 
trays if there is concern plants might fall over because there is some wind and plants are tall.  I 
usually do 1 group per field, occasionally a second to get a measure of variability within a field.  I 
haven’t seen much variation within a field and have been more interested in looking at multiple 
fields expecting more variation among farms.  But if I want to be able to statistically analyze the 
data, then I put out replicates.  Put a flag to mark each location.  I try to get seedlings out as early 
in morning as possible. Leave for at least half a day (6 hours).  Usually this are plenty of spores 
to achieve high severity on untreated leaves.  Seedlings can be left for a full day (including 
overnight), especially when mildew is at a low level, but I have captured enough spores in just 
half a day.  Avoid having seedlings exposed to rain or irrigation.  But this won’t annihilate the 
assay.  I have found seedlings sufficiently protected when in a crop; even on a windy day few 
leaves have broken.  Leaves with bent petioles can be saved by wrapping scotch tape around the 
break.  When planning when to do bioassay in a week, if possible pick a day that is likely to be 
overcast and calm. 

It is worthwhile to check the field-grown plants for insects before committing to putting 
seedlings there, a site visit in advance can be useful for this as well as seeing amount of mildew 
present.  I’ve only had problems once when seedling were left overnight in a planting infested 
with cucumber beetles that were attracted to the tender young seedlings. 

Incubation:  After exposure, return plants to greenhouse.   Water base of pot so leaves don’t 
get wet.  I water with fertilizer at least one more time; but typically continue doing with every 
watering. Remove any new leaves or flowers as soon as they appear to avoid divergence of 
nutrients to new growth.  Monitor temperature in greenhouse especially when it is hot outdoors. 
Temperature rising into the high 90s will stop mildew development.  In this situation I have 
moved seedlings into the cooler hallway or outside.  One time I did not move all the replications 
and learned how important temperature is! 

Evaluation: Estimate severity on upper surface of each leaf once mildew develops, which 
takes about 7 to 10 days, possibly longer when temperature is high.  Do a second rating 4 to 7 
days later.  Typically have done ratings 10 and 14 days after treatment.  Calculate plant average. 
Compare amount of mildew on fungicide-treated plants to amount on untreated plants.   

Bioassays can, and have been, conducted with seedlings at cotyledon stage.  Since bioassay 
can be done 7 to 10 days after sowing (when cotyledons are fully expanded), this can be a good 
option when there is limited time to grow seedlings or when there is high potential for seedlings 
to be exposed to powdery mildew because the greenhouse is close to field-grown infected plants.  
Disadvantages are that there is much less leaf tissue and there is a shorter period over which the 
bioassay needs to be conducted thus can be problematic if the bioassay has to be delayed such as 
because of rainy weather.  Remove growing tip as soon as it appears and fertilize seedlings to 
promote healthy cotyledons. 



Summary Timeline for Bioassays (about 5.5 weeks total): 
Seed. 
10 days later transplant into 4-in pots. 
14 days later prepare plants for treatment and treat. 
1 day later put outside for exposure to PM. 
9 and 13 days later rate PM severity. 

 
 
Fungicide Chemistry and Concentrations Suggested for Bioassays: 
Most important to include are highest rate for the FRAC code 3, 7 (both products), 13, and U6 
chemistry and lowest rate for the FRAC code 50 chemistry until resistance is detected.  FRAC 
code 1 and 11 chemistries are recommended primarily for academic reasons because resistance is 
considered widespread already. Quintec sometimes can be phytotoxic causing leaves to yellow. 
 

FRAC Code 1 (qualitative resistance thus one concentration is sufficient): 
Thiophanate-methyl (Topsin M)  label rate = 8 oz/A 

FRAC Code 11 (qualitative resistance thus one concentration is sufficient): 
Trifloxystrobin (Flint)  label rate = 2 oz/A 

FRAC Code 3: 
Myclobutanil (Rally)  high and low label rates = 2.5 and 5 oz/A 

FRAC Group 7: 
Boscalid (Endura)   full and half label rates = 3.25 and 6.5 oz/A 
Fluopyram (Luna Privilege)  high, half (low), + ¼ label rates = 1.71, 3.42, 6.84 fl oz/A 

Luna Privilege is no longer commercially available; it is 41.5% fluopyram.  Other 
Luna formulations have an additional AI (FRAC Code 3 or 11) thus Velum Prime 
(only fluopyram) is next best choice; it is labeled for application through drip; it is also 
41.5% fluopyram. 

FRAC Group 13: 
Quinoxyfen (Quintec)  high, half, and ¼ label rates = 1.5, 3 and 6 oz/A (low = 4) 

FRAC Group U6: 
Cyflufenamid (Torino)  full, half, and ¼ label rates = 0.85, 1.7, and 3.4 fl oz/A 

FRAC Group 50: 
Metrafenone (Vivando)  full, half, and ¼ label rates = 3.85, 7.7, and 15.4 fl oz/A 


