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Phytophthora/Downy Mildew Update 
Dr. Mary K. Hausbeck (517-355-4534) 

Michigan State University, Department of Plant, Soil & Microbial Sciences, East Lansing, MI 
 
 

Michigan is the third largest producer of squash and the second largest producer of pumpkins for 
the fresh and processing market in the US.  Production of processing pumpkin for canned pie filling has 
recently increased in western Michigan due to production shortages elsewhere.  Winter squash is also 
grown commercially in this region for use in baby food purees and also for the fresh market.  

 
Phytophthora.  Root, crown, 

and fruit (see Fig. 1, Table 1) rot 
caused by soil mold Phytophthora 
capsici is a major constraint to 
producing pumpkins, winter squash, 
and summer squash for either the fresh 
and processing markets.  Phytophthora 
fruit rot has routinely caused complete 
crop failure or rejection of fruit 
postharvest.  Production of winter 
squash and processing pumpkins can 
be especially challenging as fruit take a 
long time to mature, increasing the 
time that sensitive fruit is laying on the 
soil harboring the Phytophthora mold. 
The relatively low profit margin of 
squash and pumpkins produced for the 
processing market and use of 
mechanical harvesters do not allow the use of 
cultural techniques (raised beds, black plastic 
mulch, trickle irrigation, trellising) that can 
reduce Phytophthora rot; these cultural 
techniques are routinely used for cucumbers, 
squash, zucchini and peppers produced for the 
fresh market.  

Choosing cultivars that may be less susceptible to Phytophthora along with applying 
Phytophthora-effective fungicides at the right time and in the most effective manner can decrease the risk 
from this devastating disease.  Commercially available pumpkin, squash, zucchini, and winter squash 
cultivars tend to be highly vulnerable to Phytophthora fruit rot.  MSU research has shown that acorn 
squash, butternut squash, and pumpkin fruits become less susceptible as the fruit develop and mature. 
This phenomenon of fruit fending off the rot as it gets older varied widely between the processing 
pumpkin and squash cultivar used in our studies (Fig. 2).  For instance, once the processing pumpkin 
cultivar (‘Dickenson Field’) was 21 days post pollination, fewer than 15% of fruits rotted.  In contrast, 
approximately 80% of the processing squash fruit (‘Golden Delicious’) rotted even as the fruit became 

Fig. 1.  Phytophthora fruit rot on (left to right) yellow summer 
squash, cantaloupe, and butternut squash. 

Table 1.  Recognizing Phytophthora. 
� Wilted or dead plants 
� Black or brown roots and crowns 
� Water-soaked lesions on fruit, stems, and 

leaves 
� White, “powdered sugar” layer of spores on 

fruit 



 

mature.  Using a processing pumpkin variety that 
resists rot as the fruit ages reduces the risk of 
growing this crop especially if fungicide 
application is timed during early fruit 
development when fruit most need protection.   

Based on a MSU study using a single 
cultivar of each fruit type, it appears that 
butternut squash (‘Butternut Supreme’) may be 
more sensitive to fruit rot than either pumpkin 
(‘Sorcerer’) or spaghetti squash (‘Vegetable’).  
Some Phytophthora isolates (‘isolate’ refers to a 
Phytophthora mold that has been collected from a 
specific field/plant type) caused more disease on 
winter squash and pumpkin fruits than other 
isolates. 

Fig. 2.  Signs and symptoms four days 
postinoculation with Phytophthora capsici on (left) 
‘Dickenson Field’ processing pumpkin and (above) 
‘Golden Delicious’ winter squash fruit harvested 3 

to 56 days postpollination (dpp). 

Table 2.  Phytophthora management strategies. 
� Plant into well-drained, tiled fields 
� Use raised beds and drip irrigation 
� Avoid using surface water for irrigation 
� Irrigate sparingly from a well 
� Rotate crops 
� Keep fruit off the ground 
� Scout fields regularly for Phytophthora 
� Remove diseased plants and adjacent healthy 

plants 
� Apply fungicides preventively and at short 

intervals when needed 
� Powerwash equipment after it has been in 

infested fields 
� Do not dump diseased culls in production 

fields 



Regardless of whether cultural strategies (Fig. 3, Table 2) or less sensitive cultivars can be used, 
fungicides remain an important tool for limiting Phytophthora crown and fruit rot.  Most growers use 
foliar fungicide applications exclusively; fungicides need to be applied preventively and before and after a 
rain event to reduce Phytophthora rot.   

A field trial at the Southwest Michigan Research and Extension Center evaluated newly 
registered Zampro for control of Phytophthora in a two-part experiment where one part was inoculated 
and one was not.  Raised beds in fields previously planted to summer squash were constructed on 16 May 
using a RainFlo 2600 plastic-mulch layer.  The beds were 6 in. tall and 24 in. wide at the top and were 
spaced 5.5 ft apart on row centers.  The beds were covered with 1.25 mil LDPE (low density 
polyethylene) mulch and a single drip tape (0.65 gpm/100 ft) was installed for plot irrigation.  The 
treatments were arranged in a randomized complete block design with four replicates across nine rows 
that were 100 ft long.  Each treatment replicate was 20 ft long with a 5-ft buffer zone between replicates.  
Planting holes were made every 18 in. (14 holes per plot) and three week old ‘Cougar’ squash transplants 
were planted on 15 Jun.  Fungicides were applied with a CO2 backpack sprayer equipped with three 
XR8003 flat-fan nozzles spaced 19 in. apart and calibrated to deliver 50 gal/A at a nozzle pressure of 50 
psi.  The side nozzles were angled 45 degree towards the squash plants.  The initial application was made 
on 17 Jun after transplanting and the remaining applications on a 7-day schedule on 23 and 29 Jun; 7, 14, 
and 21 Jul.  The front 7 plants in each replicate were inoculated by placing 2 cc of P. capsici-infested 
millet seed in the soil 1 in. from the plant stem on 21 Jun.  Yields were collected from both the front 
inoculated plants and the back uninoculated plants on 5, 7, and 11, and 14 Jul by harvesting all fruits from 
plants not showing symptoms.  Stand counts were taken on 21 and 27 May; 5 and 11 Jul (only data from 
11 Jul shown) for both the inoculated and uninoculated sections of each replicate.  Data were analyzed 
using Sigma Stat version 3.1 (Systat Software Inc.) and treatments were compared using the Fisher LSD 
multiple comparison test. 
 Disease pressure was high in the inoculated section of the study (Table 4), which limited the 
effectiveness of foliar-applied fungicides in controlling P. capsici on yellow summer squash.  The 
uninoculated section of the study had a moderate level of P. capsici from last year’s squash crop.  All the 
treatments, except Forum 4.17SC, significantly reduced plant death on the last observation date of 11 Jul.  
Applications of Presidio 4SC, Zampro 4.4SC, Revus 2.08SC, Ranman 3.33SC, and alternation programs 
of Presidio 4SC, Zampro 4.4SC, and Revus 2.08SC were very effective in limiting plant death.  The 
untreated plots had the lowest yield among the treatments but a significant difference was not observed.   

Fig. 3.  Plant death of summer squash cultivars ‘Cougar’ and ‘Payroll’ following inoculation with 
Phytophthora capsici.  Plants were grown in flat or raised beds covered with no mulch (Bare), ca. 8 cm of 
wheat straw (Straw), or black plastic (Plastic).  Dried poultry litter (Nature’s Supreme Poultry Fertilizer 

Crumbles; Herbruck Poultry Ranch Inc., Saranac, MI) was applied a rate of 4.5 t ha-1 prior to mulch 
application. 



Table 4.  Testing fungicides for control of Phytophthora in inoculated and uninoculated experiments. 

Treatment* and rate/A applied as foliar sprays at 7-day 
intervals, application schedule 

Inoculated Uninoculated 
Death (%) 

7/11 
Yield 

(lb/10') 
Death (%) 

7/11 
Yield 

(lb/10') 
Untreated control ........................................................................ 100.0   b** 0.0 42.9   c   7.6 
Presidio 4SC 0.25 pt ................................................................... 96.4   b 0.8 3.6 a 10.9 
Presidio 4SC 0.25 pt 
-alt- Zampro 4.4SC 0.88 pt + Activator 90 8.33EC 1 pt ............. 96.4   b 0.2 3.6 a 12.5 
Zampro 4.4SC 0.88 pt + Activator 90 8.33EC 1 pt .................... 92.9   b 1.4 3.6 a 13.2 
Presidio 4SC 0.25 pt, apps 1-8 
+ Revus 2.08SC 0.5 pt + Activator 90 8.33EC 1 pt, apps 2,4,6 . 89.3 ab 2.1 3.6 a 12.1 
Forum 4.17SC 0.38 pt ................................................................. 100.0   b 0.2 32.1  bc 13.3 
Revus 2.08SC 0.5 pt .................................................................... 92.9   b 1.5 0.0 a 14.0 
Tanos 50DF 0.63 lb ..................................................................... 100.0   b 0.0 10.7 ab 9.9 
Ranman 3.33SC 0.18 pt .............................................................. 100.0   b 0.0 7.1 ab 13.3 
*apps=applications, -alt-=alternate. 
**Column means with a letter in common or with no letter are not significantly different (Fisher LSD 
Method; P=0.05). 
 

Foliar fungicide sprays may not reduce rot when a dense crop canopy shields the fruit or when 
fungicides do not reach the undersides of fruit laying on the soil.  In addition, foliar fungicide sprays may 
reach the crown and root tissue.  MSU research has shown that applying fungicides to the soil is more 
effective than foliar sprays for crown and root rot of yellow squash.  Currently, only two fungicides 
(fluopicolide and mefenoxam) are registered for drip application to reduce disease caused by 
Phytophthora (Table 5).  Resistance to mefenoxam (metalaxyl-M) is widespread in P. capsici populations 
from the primary vegetable growing regions in Michigan and we do not recommend its use in these 
regions.  Additional products that can be rotated with fluopicolide for drip applications have been 
identified and will need to be labeled for this use in the future. 
 
Table 5. Preferred fungicides for Phytophthora control on vine crops. 
Product A.I. Comment 
Forum 4.18SC dimethomorph use in a fungicide tank mix 
Gavel 75DF mancozeb/zoxamide relatively long PHI 
Presidio 4SC fluopicolide use in a fungicide tank mix 
Revus 2.08SC mandipropamid include surfactant 
*Ridomil Gold MZ mefenoxam/mancozeb resistance concerns 
Zampro 4.4SC ametoctradin/dimethomorph  
*Labeled for use on melons and summer squash only. 
 
 
 Downy mildew.  Pseudoperonospora cubensis is the name of the organism that causes downy 
mildew, a devastating disease affecting cucurbit vegetables (cucumber, pumpkin, squash, zucchini, 
watermelon, cantaloupe, etc.).  In Michigan, the first report of downy mildew occurred in 2005; since 
then, the disease has been reported each year on cucumbers and other cucurbit vegetables including 
squash and melon.  Although this pathogen is found in many cucurbit production areas, it thrives in areas 
where elevated humidity and warmer conditions are favorable. In the eastern U.S., downy mildew spores 
are suspected to come from fields located in Florida or Mexico.  It is also possible for the downy mildew 
pathogen to survive the winter on infected cucumbers growing in heated greenhouses during the winter; 
the airborne spores can move on air currents out of these greenhouses and infect early field plantings.  
 Downy mildew symptoms vary depending on the cucurbit plant type.  In cucumber (Cucumis 



sativus) or squash (Cucurbita pepo or C. moschata), disease symptoms are on the upper side of the leaf 
and appear as irregular, pale-yellow lesions restricted by leaf veins that become brown over time; whereas 
in cantaloupe (Cucumis melo) and watermelon (Citrullus lanatus), lesions are not limited by the leaf veins 
and are round.  Although downy mildew affects only the leaves, it causes defoliation resulting in low 
yields and poor fruit quality. 

Recently, MSU research compared melon cultivars for their sensitivity to the downy mildew that 
was present in Michigan during 2010 and 2011 (Table 6).  In 2010, the disease pressure was not as high 
as during 2011 so the results varied between years for some cultivars.  
 
Table 6.  Field disease rating of melon cultivars to downy mildew in Michigan. 

Cultivar Downy mildew ratingz Cultivar Downy mildew ratingz 
2010 2011 2010 2011 

Cucumber   Melon cont’d   
    Vlaspik ....................  HS HS     Primo ......................  I S 
Melon       Python .....................  I S 
    Ananas....................  I I     Sun Jewel ...............  I S 
    Athena ....................  I I     Tekos ......................  I S 
    Banana....................  I I     Toscana ...................  I S 
    Edisto 47 ................  I I     Ambrosia Hybrid ....  I HS 
    Odyssey ..................  I I     Atlantis ....................  I HS 
    Strike ......................  I I     Crete ........................  I HS 
    Tam-Dew ...............  I I     Hale's Best Jumbo ...  I HS 
    Aphrodite ................  I S     Mainstream .............  I HS 
    Grand Slam .............  I S     Planters Jumbo ........  I HS 
    Melon Gold Bar .....  I S     Topmark ..................  I HS 
    Minerva ..................  I S    

z Mean percentage taken at the final rating; agronomical levels of disease HS= highly susceptible (>87%), 
S=susceptible (51 to 86%), I=intermediate (26 to 50%), MR=moderately resistant (13 to 25%), 
R=resistant (<12%). 
 

Since the options of downy mildew resistant cultivars that are commercially available are limited, 
disease management relies heavily on the use of fungicides.  See table 7 for a list of preferred downy 
mildew fungicides and recommended spray intervals. 
 
  



Table 7.  Fungicide recommendations for downy mildew on vine crops, such as zucchini, squash, 
pumpkin, melon and gourds. 

APPLIED BEFORE DISEASE 
(7- to 14-day intervals) 

 APPLIED AFTER DISEASE 
(7-day intervals) 

� *Presidio 4FL (2 day PHI)  � *Presidio 4FL (2 day PHI) 

� *Previcur Flex 6SC (2 day PHI)  � *Previcur Flex 6SC (2 day PHI) 

� *Ranman 3.6SC (0 day PHI)  � *Ranman 3.6SC (0 day PHI) 

� Gavel 75WG (5 day PHI)  � Gavel 75WG (5 day PHI) 

� Tanos 50WG (3 day PHI)  � Tanos 50WG (3 day PHI) 

� Zampro 4.4C (0 day PHI)  � Zampro 4.4C (0 day PHI) 

Alternate products and mix each with either:  
 � Dithane (mancozeb) 3 lb or  
 � Bravo (chlorothalonil) 1.5 pt 

 Alternate products and mix each with either:  
 � Dithane (mancozeb) 3 lb or  
 � Bravo (chlorothalonil) 1.5 pt 

*Fungicides that are more effective under heavy disease pressure. 
 
 
 
Acknowledgments.  This research is based on work supported by the USDA NIFA Special Research 
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Multiple Tactics to Control Diseases 
 

Dr. Kathryne Everts 
The University of Maryland, College Park, Department of Plant Science and L.A., Lower Eastern Shore Research and Education Center, 

Salisbury, 21801 
 
Many diseases (on seedlings, foliage, and fruit) cause yield and quality losses on vine crops. These 
diseases are caused by fungi, oomycetes, virus, nematodes, and bacteria. Because vine crops are 
susceptible to many diseases, no single strategy is adequate to manage them.  Growers must deploy many 
tactics from their “toolbox” to combat losses.  These tactics include cultural practices such as the use of 
resistant or partially resistant cultivars; cover crops that are incorporated as green manures or used no-till; 
and fungicides.   
 
All of these tactics are beneficial under some field conditions and in the presence of certain pathogens.  
The recommended “best management practice” is to combine many or most of these practices.  Used 
together they form a robust base to a disease management program. For example, use of cover crops has 
increased in the past ten years, and there are questions on how much a cover crops contributes to an 
overall disease management program. Multiple experiments have been conducted in the mid-Atlantic on 
vine crop diseases to determine the relative benefit of disease management practices under varied 
conditions. The following scenarios are examples where the benefit of control practices were evaluated 
alone, and in combination, under high disease pressure. We were able to determine what the relative 
contribution of each management practice was in reducing disease and improving yield. 
 
Scenario 1 - No-till cover crops and fungicides: Anthracnose caused by Colletotrichum orbiculare, and 
gummy stem blight caused by Didymella bryoniae are the two most common foliar diseases of 
watermelon.  During three field seasons a no-till cover crop was compared to the standard grower practice 
of polyethylene mulch.  Hairy vetch was planted in the fall on permanently raised beds (at 45 kg/ha or 34 
kg/ha) and killed in the spring with paraquat. Alternatively tillage was performed on fallow ground and 
beds were formed and covered with black plastic.  A standard fungicide spray program was applied 
weekly or no fungicides were applied.  
 
The no-till cover crop slowed the spread of anthracnose and gummy stem blight. When fungicides were 
used in the conventional production system, with black plastic mulch, they reduced anthracnose an 
average of 75%, compared to no fungicide application.  When fungicides were applied to plants grown on 
a no-till cover crop, they also reduced anthracnose. However, because anthracnose severity was lower (by 
about 33%) on the no-till cover crop than on black  plastic, the reduction in anthracnose due to fungicides 
was lower (39%). The combination of both practices resulted in the best disease management and 
anthracnose was reduced by 85%. 



 
Figure 1. Comparison of severity of anthracnose and GSB on watermelons grown on killed hairy vetch 
and plastic early (left image) and late (right image) season. 
 
 
 
Scenario 2 - Fungicides, no-till cover crops and host resistance: We also examined no-till cover crops, 
fungicide programs and host resistance on pumpkin diseases.  Fall planted cover crops that are killed in 
the spring and planted without tillage, are becoming more common in the mid-Atlantic.  Also, several 
new pumpkin cultivars are moderately resistant to powdery mildew.  Early season disease progress in 
these cultivars is slower than in susceptible cultivars; however yield loss results unless fungicides are 
applied.    
 
Several diseases were present in the three years that these experiments were conducted.  Powdery mildew, 
Plectosporium blight (formerly called Microdochium blight), and black rot were most prevalent. Different 
management practices were effective on different diseases.  Pumpkin grown no-till on hairy vetch or hairy 
vetch plus rye cover crops had an average of 36% less Plectosporium blight and 50% less black rot than 
those grown on conventional tillage on bare ground. Cultivar resistance and fungicides reduced powdery 
mildew.  Cultivar resistance was very effective, such that that the powdery mildew severity was the same 
on the resistant cultivar that was sprayed on a 14-day schedule and the susceptible cultivar sprayed 
weekly.  In other words, fungicide applications could be cut in half on the resistant cultivar, with the same 
level of control that the more intensive schedule achieved on the susceptible cultivar.   
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Scenario 3 – Cover crop incorporated as a green manure and cultivar resistance: In another set of 
experiments, a soilborne disease, Fusarium wilt, was evaluated on watermelon.  Fusarium wilt has 
become increasingly damaging in watermelon as production has shifted to seedless cultivars, which lack 
high levels of resistance, and with the loss of MeBr fumigant. Amending the soil with a hairy vetch green 
manure has induced suppression of Fusarium wilt, although the magnitude of the effect depended on 
location (i.e. soil type).  Seventeen soils were evaluated for the effect of hairy vetch green manure and 
host resistance, on severity of Fusarium wilt. 
 
 
Cultivars with a moderate level of host resistance suppressed Fusarium wilt an average of 31%.  Cultivars 
that were categorized as having a high level of resistance, suppressed Fusarium wilt from 6 to 72%, and 
averaged a 41% reduction.  Hairy vetch green manure amended to the seventeen soils resulted in 
suppression that was more variable, from none to 90%.  The average suppression however was near that 
achieved with the highly resistant cultivars. 
 
In field experiments, the no till green manure reduced Fusarium wilt more (41%) in watermelon if a 
resistant cultivar was planted than if a susceptible cultivar was planted. The green manure resulted in a 
41% reduction vs. fallow ground in the resistant cultivar, but only 25% in the susceptible cultivar.  
 
Conclusion: Vine crops are susceptible to many diseases.  Different control practices vary in their effect 
on different diseases.  For example, no-till cover crops are more effective on reducing fruit rot of 
pumpkin, but of little use on powdery mildew. Cultivar resistance of some cultivars will reduce powdery 
mildew pressure, but is of little use on fruit rot.  Over reliance on only one control tactic or tool will leave 
the crop vulnerable to catastrophic loss if that one tool fails.  Incorporation of multiple tools into a disease 
management program will reduce risk of losses.   
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CCan Pumpkin Yield Be Increased by 
Supplementing Fields with Bees? 

 
Brian A. Nault and Jessica D. Petersen 

Department of Entomology, Cornell University, New York State Agricultural Experiment Station, 630 W. North St., Geneva, NY 
14456; phone: (315)-787-2354; Email: ban6@cornell.edu 

 
Vine crops such as pumpkin, squash, cucumber and watermelon are some of Great Lakes region’s 

most valuable vegetable crops. These crops require pollination by bees, the most well-known of which is 
the honey bee, Apis mellifera.  Honey bee hives are placed in vine crops during the time they need to be 
pollinated.  Unfortunately, Colony Collapse Disorder (CCD), parasitic 
mites, viruses and other pathogens continue to cause significant losses 
in populations of honey bees throughout the US.  Fewer honey bee 
hives are now available for vine crop growers and the cost of renting 
hives has increased from approximately $30 per hive to ≥$75 per hive. 
With no relief in sight, growers will continue to pay more for renting 
hives, unless alternative pollinators are identified to service their vine 
crops.  Previous research has shown that on an individual basis, the 
common eastern bumble bee, Bombus impatiens (Fig. 1), was the most 
efficient pollinator of pumpkin compared with other common species 
including the honey bee and squash bee, Peponapis pruinosa.  Not 
only is the bumble bee an efficient pollinator, but it is also naturally 
abundant and available commercially making it a perfect candidate as 
an alternative pollinator to honey bees in pumpkin fields. 

Will Fruit Yield Increase if Bumble Bee Colonies are Placed in Fields?  In the Finger Lakes 
Region of New York in 2011 and 2012, we explored the potential of increasing pumpkin yield by 
supplementing fields with commercially produced common eastern bumble bees or locally rented honey 
bees.  A total of 12, 17 and 14 commercial pumpkin fields were supplemented with bumble bees, honey 
bees or no bees, respectively.  Fields ranged in size from 1 to 25 acres; fields of similar size were grouped 
and randomly assigned one of the three supplementation treatments (i.e., bumble bees, honey bees or no 
bees).  Numbers of bumble bee colonies and hives placed in each field depended on its size.  For bumble 
bees, one QUAD (= four colonies in a box) was placed on every 2 acres and 1 honey bee hive placed on 
every 3 acres.  All fields were separated from each other by at least 1 mile.  Regardless of treatment, 
fields were avoided if they were near other fields that had honey bee hives.   

The jack-o-lantern variety, ‘Gladiator’, was planted in all commercial fields.  Ten ‘Gladiator’ 
seedlings were transplanted into each of three locations in the field (= total of 30 plants per field).  
Transplanting spanned a 3-week period in July.  In September, when the crop was mature, all marketable 
fruit were counted and weighed.  Data were analyzed using an ANOVA and treatment means were then 
compared using a t-test at P<0.05. 

Fig. 1. Common eastern bumble 
bee covered in pumpkin pollen. 
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Fig 3. Bumble bee and honey bee visits to pumpkin flowers in bumble bee 
supplemented, honey bee supplemented and non-supplemented fields in 2011 
and 2012.  

The average fruit weight per pumpkin plant in fields supplemented with commercial bumble bees 
did not differ significantly from fruit weight in fields supplemented with honey bees or those that were 
not supplemented (Fig. 2).   

Do bumble bees and honey bees visit more pumpkin flowers in fields in which they are 
supplemented?  Bees visiting pumpkin flowers were recorded at three locations within each field and 
three times throughout the blooming period in both 2011 and 2012.  Bee visits to pumpkin flowers in 
bumble bee-supplemented, honey bee-supplemented and non-supplemented fields were analyzed using an 
ANOVA and treatment means were compared using a t-test at P<0.05.  Contrary to our expectations, 
there were no more visits to flowers by bumble bees in fields supplemented with bumble bees than in 
fields that were not 
supplemented (Fig. 3). 
Likewise, there were no 
more honey bee visits to 
flowers in fields 
supplemented with honey 
bees than in fields that 
were not supplemented.  
These results indicate that 
supplementing pumpkin 
fields with bees will not 
guarantee more visits to 
pumpkin flowers in the 
fields and also may 
explain why fruit yields in 
fields supplemented with 
bees were not greater than 
fruit yields in non-
supplemented fields.  

 

 

Fig. 2.  Mean (± SEM) 
pumpkin, Cucurbita pepo, 
var. ‘Gladiator’, fruit yield 
from fields supplemented 
with commercial bumble 
bee colonies (n = 12), honey 
bee hives (n= 17) or were 
not supplemented (n = 14) 
in New York in 2011 and 
2012 
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Where are the bees going if not to pumpkin?  Pollen on the legs of bees returning to their hives 
in bee-supplemented pumpkin fields was identified to determine where the bees were foraging.  Bumble 
bees were sampled from 6 bumble bee-supplemented fields (n=152 bees) and honey bees were sampled 
from 4 honey bee-supplemented fields (n=146 bees) three times during bloom.  A random sample of 100 
pollen grains from each bee was collected, counted and identified to the lowest taxonomic rank feasible.  
For each bee species, the pollen data were pooled across all collection sites and collection times and 
represented as the percentage of pollen collected from each plant species.  Surprisingly, very few bees 
were foraging for pumpkin pollen (Fig. 4).  Pumpkin pollen only consisted of 2.5% and 0.1% of the total 
pollen collected from honey bees and bumble bees, respectively (Fig. 4). Both bee species foraged on 
pollen from many different weed species including ground cherry (Solanaceae), clover (Fabaceae), Queen 
Anne’s lace (Asteraceae), dandelion (Asteraceae), goldenrod (Asteraceae), English plantain (Plantago), 
and pokeweed (Phytolacca) (Fig. 4).  Most surprising was that 30% of the pollen collected by honey bees 
was from corn (Zea mays) and nearly 50% of the pollen collected by bumble bees was from Solanaceous 
plants, which may have included crops such as tomato, peppers and potato as well as several common 
weed species.  

 
Fig. 4.  Overall proportion of pollen grains returned to honey bees hives (n=146 bees) and 
bumble bee colonies (n=152 bees) .  

 

Later in the season, around August 1st, we first began observing bees returning to their hives with 
pollen covering their bodies.  We sampled these bees (n=28 honey bees, n=61 bumble bees) and 
confirmed that 100% were covered with pumpkin pollen.  After August 1st, 33% of bumble bees and 13% 
of the honey bees returning to their hives were covered in pumpkin pollen.  These results indicate that 
honey bees and bumble bees were likely foraging for nectar in male flowers and contact with pollen was 
likely accidental.  This foraging activity likely contributed to pollination of pumpkin fruit, but the level 
may have been relatively inconsequential given that the majority of the fruit in the field had already been 
set by the beginning of August.  
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Among the most common bee species that pollinate pumpkin, which ones have the greatest 
impact on pumpkin yield?  The relationship between bee visits to pumpkin flowers and fruit yield was 
described for each of the most commonly encountered species in pumpkin fields (i.e., common eastern 
bumble bee, honey bee and squash bee).  Bee visit data and pumpkin yield from the 2011 and 2012 
studies were combined (n=43 fields) and used in the regression analysis (P<0.05).  This analysis also 
included a “bee supplementation” factor (i.e., fields that were supplemented with bumble bees, honey 
bees or not supplemented), but this term was not significant in the analysis.  Results indicated that the 
number of bumble bee visits to pumpkin flowers had a significant impact on fruit yield; yield increased as 
the number of flower visits in a field increased (Fig. 5).  Frequency of honey bee and squash bee visits to 
pumpkin flowers was not 
correlated with yield.  Although 
supplementing pumpkin fields 
with bees did not increase bee 
visits to flowers, more bumble 
bee visits to flowers in certain 
fields resulted in greater yield.  
These results support previous 
research suggesting that bumble 
bees are efficient pollinators of 
pumpkin.  Additionally, some 
landscapes near pumpkin fields 
may support larger bumble bee 
populations than others.  Results 
of our landscape study from 2011 
indicated that greater levels of 
semi-natural grassland in the 
landscape supported more 
bumble bee visits to pumpkins.  

Conclusions.  Our results indicate that bumble bees are important pollinators of pumpkin and 
fruit yield will be greater in fields visited more by bumble bees.  Yet, our results also indicate that 
supplementing pumpkin fields with bumble bee colonies will not necessarily increase pumpkin yield.  
These seemingly contrasting results may be explained by differences in the local abundance of native 
common eastern bumble bee populations near pumpkin fields.  For example, a pumpkin field near a high 
locally abundant bumble bee population would not need to be supplemented with commercial bumble 
bees because the native population would provide sufficient pollination of the crop.  Conversely, a 
pumpkin field that is near a low population of bumble bees may benefit from supplementing with 
commercial bumble bees to increase pollination and thereby increase fruit yield.  To address this point, 
we intend to identify landscape features near pumpkin fields sampled in our 2-yr study that were 
positively associated with more bumble bees visiting pumpkin flowers.  This information will be used to 
develop a Decision-Making Guide for use in deciding whether supplementing fields with commercial 
bumble bees could be economically advantageous or that the native bee population will likely be large 
enough to provide maximum pollination and high fruit yields.   

Fig. 5. Bumble bee flower visitation frequency is significantly 
positively correlated with pumpkin yield (P=0.002; n=43).  
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Weed control in vine crops can be challenging.  Most vine crops are planted with wide row 
spacings and at considerable distances in the row so the crops are not very competitive with 
weeds.  Many cucurbits are relatively long season crops requiring the need for weed-free fields 
for a considerable amount of time.  Furthermore, there are relatively few herbicides registered for 
use with cucurbits.   
 
Most squash (winter and summer) and pumpkins in the Mid-Atlantic regions are direct-seeded, 
bare-ground production.  However, there has been an increase in no-till, rye cover crop pumpkin 
production.  The rye cover crop for pumpkin production provides a number of soil, 
environmental, and production benefits.  The cover crop is effective in suppressing weeds, and 
reduces the density and vigor of weed seedlings.  However, there are enough weeds not 
controlled with the rye that weed control must be supplemented with herbicides and/or hand 
weeding.  The rye cover crop eliminates the potential for cultivation.  Little information is 
available on how much rye or straw is needed to observe benefits.  A preliminary trial was 
conducted in 2012 at the University of Delaware Research and Education Center with three levels 
of straw spread over the plots.  Rates of the straw were none, 2,500, or 5,000 lbs/A.  Then Curbit, 
Strategy plus Curbit or Curbit plus Sandea was applied to the plots.  Pigweed and grass control 
was excellent for all treatments, provided the straw remained on the plots.  If the straw was 
removed, weed control was lower when Sandea was not used compared to including Sandea.  The 
interaction of the rate of straw and Curbit needs further research to understand the implications 
for growers.  While Sandea improved weed control, it also stunted the pumpkin seedlings.  This 
site received almost an inch of irrigation shortly after application which can increases the 
likelihood of Sandea injury. 
 
One practice that is often overlooked by growers in the Mid-Atlantic is a post harvest operation to 
eliminate/reduce late-season weed seed production.  Many growers do not take steps to stop those 
weeds present at harvest from producing seeds.  Steps such as mowing, mechanical or a herbicide 
treatment should be made after the final harvest.  With the development of herbicide-resistant 
weeds, their density is increasing in many fields due to late-season seed production. 
 



Labeled Herbicides for Cucurbits: 
 
Herbicide Cucumber Summer 

squash 
Winter 
squash 

Pumpkin 
(ornamental) 

Watermelon Cantaloupes 

Soil-applied       
Command XXX XXX XXX  XXX XXX 
Curbit XXX XXX XXX XXX XXX XXX 
Dual    XXXd   
Prefar XXX XXX XXX XXX XXXc XXXc 
Sandea XXX XXb Xa Xa XXXc XXXc 
Sinbar     XXXc  
Strategy XXX XXX XXX XXX XXX XXX 
       
Postemergence       

Aim XXX XXX XXX XXX XXX XXX 
Poast XXX XXX XXX XXX XXX XXX 
Sandea XXX  XXX XXX  XXX 
Select / Max XXX XXX XXX XXX XXX XXX 
aLabeled but not recommended in the Mid-Atlantic region. 
bOnly labeled for soil between the crop rows (plasticulture) 
cLabeled for soil application under plastic layer or with bare-ground production. 
dCannot be applied directly over the row. 
 
Soil-applied herbicides:  
Command (clomazone) is labeled for preemergence application only.  Used predominately for 
annual grass, velvetleaf, jimsonweed, purslane, and common lambsquarters control.  Not labeled 
for jack-o-lantern type pumpkins, however Strategy is labeled for this crop.  Strategy is a pre-
packaged mixture of clomazone and ethalfluralin.   
 
Curbit (ethalfluralin) is labeled for preemergence application only.  Curbit controls a number of 
annual grasses but only a few broadleaf weeds (pigweed and carpetweed). Curbit is often applied 
in combination with another herbicide (Command and/or Sandea). Curbit provides better weed 
control than Prefar, yet it has a slightly higher risk of crop injury.  
 
Dual Magnum (s-metolachlor) can be applied acre as an inter-row or inter-hill spray in pumpkins 
to suppress or control annual grasses, yellow nutsedge, and certain annual broadleaf weeds 
including nightshade species. Do NOT apply Dual Magnum over the pumpkin row or hill.  Leave 
1 foot (12 inches) of untreated area over the row or hill (six inches on each side) and between the 
spray and any emerged pumpkin foliage.   Dual Magnum is labeled for use ONLY in pumpkins. 
Dual Magnum is NOT labeled and should not be used on winter squash. 
 
Prefar (bensulide) can be applied pre-plant incorporated or preemergence. Prefar will control 
some annual grasses (barnyardgrass, large crabgrass, fall panicum, giant foxtail, and johnsongrass 
seedlings) but only suppression of certain broadleaves, such as common lambsquarters, common 
purslane, and pigweed species. Risk of crop injury is less with Prefar than with Curbit.  
 
Sandea (halosulfuron) can be applied as a preemergence application.  Sandea, applied 
preemergence, provides fair to good control of common ragweed, common lambsquarters, 
pigweed, cocklebur, jimsonweed, smartweed, galinsoga, and yellow nutsedge. Yellow nutsedge 
control is better when applied as a postemergence herbicide. Sandea does not control grass 



species.  Sandea can be used as a soil-applied herbicide for cucumbers, watermelon, and 
cantaloupes.  It is labeled for winter squash and pumpkins as a soil-applied treatment, but 
university research in the mid-Atlantic region shows the risk of crop injury is too high. 
 
Sinbar (terbacil) is labeled for watermelons only.  Apply preemergence to control many annual 
broadleaf weeds.  Sinbar will not control pigweed species.  Sinbar may be used for direct seeded or 
transplanted watermelons.  Apply to seeded watermelons after planting, but before emergence.  
Apply to transplanted watermelons before transplanting.  
 
Postemergence herbicides: 
Aim (carfentrazone) can be applied as a directed (shielded) spray to suppress or control broadleaf 
weeds including morningglory species, pigweed species, common lambsquarters, and nightshade 
species when the crop has 2 to 5 true leaves but has not yet begun to bloom or run. Aim applied 
postemergence will not control annual or perennial grasses.  The shielded (hooded) sprayer must 
be designed to prevent spray or drift from contacting the stems, leaves, flowers, or fruit of the 
crop, or severe injury may occur.  There are no carry over restrictions with Aim. 
 
Sandea (halosulfuron) provides good to excellent control common ragweed, pigweed, cocklebur, 
smartweed, galinsoga, and yellow nutsedge. Yellow nutsedge control is better when applied as a 
postemergence herbicide. Common lambsquarters and jimsonweed control is much better when 
Sandea is applied preemergence. Sandea does not control grass species.  Sandea has good crop 
safety with cucumbers and cantaloupes.  It is labeled for pumpkins and winter squash, but 
yellowing and stunting can be quite evident on these crops.  Carry over can be an issue with 
Sandea. 
 
Poast (sethoxydim) is used exclusively for grass control. Poast will control annual grasses and 
certain perennial grasses.  Grass control will be best when the plants are treated while actively 
growing. 
 
Select or Select Max (clethodim) are used exclusively for grass control. Select will control annual 
grasses and certain perennial grasses, although not as effective on goosegrass as Poast. Select 
requires crop oil concentrate, while Select Max is labeled for use with non-ionic surfactant. Grass 
control will be best when the plants are treated while actively growing. 
 


