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Cucurbit IPM Workshop 
Thursday morning 9:00 am 
Where: Grand Gallery (lower level) Room A-B 
Summary: For the first time a partnership between the Great Lakes Expo planning committee 
and the Great Lakes Vegetable Working Group (GLVWG) has coordinated an intensive 
workshop on Cucurbit Integrated Pest Management (IPM). This workshop was designed to 
compliment the Vine Crops session on Wednesday morning. 
Recertification credits: 1 (1B, PRIV CORE) 
CCA Credits: NM(1.0) PM(1.0) 
Moderator: Jim Jasinski, The Ohio State Univ. Extension 
 

9:00 a.m. Soil and Nutrient Requirements of Cucurbits  

• Elaine Roddy, Agronomy, Ridgetown College, Ontario, Canada 
• Darryl Warncke, Crop & Soil Sciences Dept., MSU 

10:00 a.m. Biology, Sampling Methods, and Thresholds for Insect Pests of Cucurbits  

• Rick Foster, Entomology Dept., Purdue Univ. 

10:30 a.m. Insecticides for Cucurbits: Efficacy, Mode of Action, and Resistance Management  

• Richard A. Weinzierl, Crop Sciences Dept., Univ. of Illinois 



 
 
 
 
 

Soil and Nutrient Requirements of Cucurbit Crops – Soil Quality 
 

Elaine Roddy, Vegetable Crops Specialist 
Ontario Ministry of Agriculture, Food and Rural Affairs 

Box 400, 120 Main St. East 
University of Guelph – Ridgetown Campus 

Ridgetown, Ontario N0P 2C0 
elaine.roddy@ontario.ca 

 
Soil Quality 
Soil quality is a corner stone of a good Integrated Pest Management Program.  A healthy crop starts with 
healthy soil.  A healthy, vigorously growing crop is significantly less susceptible to pests such as seed 
corn maggot, wireworm, seed decay and root rots. 
 
Soil quality is the measure of a soil’s health and its ability to resist erosion, compaction and other stresses, 
while maintaining economic productivity. Many factors determine a soil’s health. A healthy soil: 

•  has good soil structure and minimal compaction 
•  resists crusting 
•  has an abundance of earthworms 
•  smells good 
•  readily decomposes residue 
•  has good drainage, water movement and water-holding capacity 
•  encourages seedling emergence and promotes deep root growth 
•  produces uniform crop growth and colour 
•  has optimal ranges of nutrient levels, pH and organic matter  
•  is resistant to wind, water or tillage erosion. 

 
Soil organic matter is a key component of soil quality.  It plays an important role in soil structure; 
fertility, drainage, aeration, nutrient cycling, moisture holding capacity and erosion reduction. 
 
The optimum soil organic matter level varies, depending on soil type:  
 

Soil type Optimum soil organic 
matter level 

sandy  2–4% 
sandy-loam  3–4% 
loam  4–5% 
clay-loam  4–5% 
clay  4–6% 

 
Organic matter can be managed through a variety of farm practices including rotation; soil amendments 
(composts and manures); cover crops and tillage. 
 
 
 



Rotation 
Select crops with various different rooting depth.  Vine crops tend to be shallow rooted.  Rotation with 
deeper rooted crops such as soybeans, corn, wheat and alfalfa, helps to loosen soil compaction, as well as 
provide old root channels through which the vine crop roots can easily penetrate in search of water and 
nutrients. 
 
When selecting rotational crops, also consider the amount of residue left in the field after the crop has 
been harvested.  Many vegetables contribute little residue back to the soil.  These residues often have a 
very low carbon/nitrogen ratio.  As a result they decompose very quickly.  Including a high residue, high 
carbon/nitrogen ratio crop in the rotation will help to maintain organic matter levels; provide a source of 
nutrients for the next season’s crop; and provide protection against wind and water erosion. 
 
Several cucurbit pests that are impacted by crop rotation include: fusarium, phytophthora, scab, alternaria, 
anthracnose and gummy stem blight. 
 
Soil Ammendments 
Manure is a valuable source of organic matter.  The average dry matter content of liquid manure ranges 
from 4-10 percent.  Dry manure contains 25-50 percent dry matter.  In addition to nitrogen, phosphorous 
and potassium, many manures also contain micronutrients.  While it is unknown how readily available the 
micronutrient content of manure is, over time it will add to the overall fertility of the soil. 
 

Micronutrient Cattle manure  
(10 ton/ac) 

Poultry Compost  
(5 tons/ac) 

Boron 0.08 lbs/ac 0.09 lbs/ac 

Calcium 986 lbs/ac 770 lbs/ac 
Copper 0.54 lbs/ac 1.0 lbs/ac 
Iron 42 lbs/ac 15 lbs/ac 
Magnesium 154 lbs/ac 225 lbs/ac 
Manganese 2.8 lbs/ac 4.0 lbs/ac 
Zinc 0.9 lbs/ac 3.0 lbs/ac 

 
Cover Crops 
Cover crops play a major role in soil management by providing ground cover to reduce erosion and by 
adding organic matter to improve or maintain the soil. Fall planted cover crops can add a significant 
amount of biomass back to the soil. 
 

Cover Crop Species % nitrogen Biomass lbs/ac (above ground) 

Rye/winter wheat (fall planted) 1.5 - 5 <1000 to 3000 
Oats/barley (early planted, heading) 2-3 3000 to 9000 

Oats/barley (later planted) 2-6 <1000-3000 

Oilseed Radish (flowering) 2-5 3000-10,000 

Peas (flowering) 4-6 2000-6000 
A. Verhallen, Ontario Ministry of Agriculture, Food and Rural Affairs 

 
 



Cover crops also play a valuable role by scavenging the residual nitrogen left in the soil after the 
commercial vegetable crop.  The nitrogen taken up by the fall cover crop, becomes gradually available the 
following season as the cover crop decomposes.  This effectively traps the residual nitrogen in the crops 
rooting zone and helps to prevent leaching losses. 
 

Selecting a Cover Crop 
Function of the Cover Crop Best choice for Cover Crop 
Nitrogen production Red clover, peas or vetch 
Nitrogen scavenging Fall uptake – oilseed radish and other brassicas, oats 

Winter/Spring uptake – rye, winter wheat 
Weed suppression Oilseed radish and other brassicas, winter rye 

Buckwheat 
Nematode suppression1 Cutlass mustard 

Sudans/Sorghums – Sordan 79, Trudan 8 
Pearl Millet – CFPM 101 
Marigold – Crackerjack, Creole 
Oilseed radish – Adagio, Colonel 

Soil structure building Oats, overwintered winter rye 
Compaction busting Alfalfa, sweet clover 
Biomass return to soil Fall – oats, oilseed radish 

Summer – millets, sorghum/sudan 
Erosion protection (wind or water) Winter rye, winter wheat, ryegrass (well established) 

 
Cover Crops can help improve soil quality, but they can not replace a good rotation. 
 
Tillage 
Zone tillage (also known as strip tillage) combines the best of both no-till and conventional tillage 
systems. It uses both shanks and coulters to create a narrow (8–12 in. wide) zone of tilled soil that acts as 
a well-prepared seedbed. Each zone of tillage corresponds to the width of the planter units. The area 
between the rows is left undisturbed. This dramatically increases the amount of surface residue left on the 
field, while still creating the fine seed bed desired by many growers.  
 
Zone tillage may be done in the fall, to aid in the timeliness of field work the following season, or in the 
spring immediately before planting. This system has strong potential for vegetable crops such as sweet 
corn and pumpkins. 
 
No-till systems provide the greatest opportunity to leave protective crop residues on the soil surface and 
increase soil organic matter contributions. Numerous options exist, both in the original design and in the 
modifications available for both row crop planters and vegetable transplanters to be considered capable of 
“no-till.”  
 
No-till is a technique that can be used relatively easily with some vegetable crops. The maintenance of 
surface crop or cover crop residues offers several benefits, including: 

•  the potential for weed suppression 
•  interference with the movement of some pests, 
•  reduction of sand blasting and wind dessication 
•  reduction of soil water losses. 

                                                 
1 Nematode suppression is specific to the variety of cover crop and the species of nematode. 
 



 
 
 
 
 

Soil and Nutrient Requirements of Curcurbits 
 

Darryl Warncke 
Crop & Soil Sciences 

Michigan State University 
 

Summary 
To properly manage nutrient inputs for cucurbits one must first know their nutrient requirements.  This 
presentation will focus on melons and pumpkin, with some additional information about cucumbers and 
hard squash.  With the exception of cucumber the other four crops will accumulate in the vegetation and 
fruit 145 to 160 lbs N (nitrogen), 30 to 45 lbs P2O5 (phosphate) and 160 to 180 lbs K2O (potassium) per 
acre.  Cucumber tends to accumulate about half those amounts.  Cucurbits, as a group, can develop good 
root systems that go down to three feet or more and that are able to effectively utilize nutrients and water 
available in the soil.  The soil environment must be favorable for the roots to develop to their full 
potential.  Proper management of the physical properties of the soil is very important for good root 
growth and nutrient uptake.  Soils that have been well conditioned through good crop rotation and 
incorporation of organic matter in the form of cover crops, compost or manure provide this favorable 
environment.   
 
Soil must have a good fertility status for cucurbits to produce good yields of quality produce.  The first 
step to establishing and maintaining good soil fertility is to sample the soils in each field and have them 
analyzed.  Maintaining a pH between 6.0 and 6.5 is very important for cucurbits, especially muskmelon.  
Watermelon is more tolerant of acid soil conditions, and pumpkins and squash are intermediate.  
Allowing the pH to decrease below 6.0 can adversely affect crop yield and quality.  When lime is needed, 
apply it at least 3 months, preferably 6 months, prior to when the crop will be planted.  The nutrients of 
importance to cucurbits that are most affected by soil pH are phosphorus and manganese in the soil.  
Phosphorus is most available between 6.0 and 6.5.  Manganese availability increases as the soil pH 
decreases; going from sometimes deficient above 6.5 to being excessive or toxic near pH 5.0.  
Muskmelon and cucumber are the most sensitive to manganese deficiency or toxicity.  As the pH 
approaches 5.5 muskmelon growth will be reduced and some sign of Mn toxic may occur.  Magnesium 
may also become limiting under acid conditions, especially in sandy soils.    When the soil pH is above 
6.5, spraying 0.5 to 1.0 lb Mn per acre two to three times may be necessary.  Maintaining the soil pH in 
the 6.0 to 6.8 range improves the availability of magnesium and calcium.  Maintaining adequate soil 
moisture is helpful in minimizing blossom-end-rot, associated with inadequate calcium getting to the 
blossom end of the young developing fruit.  Foliar application of 2 lbs calcium and/or magnesium per 
acre per application can provide some in-season benefit, but long term correction needs to come from 
application to the soil, 20 to 50 lbs magnesium and over 100 lbs calcium per acre.   
 
Cucurbits can effectively use nitrogen that is released from organic materials in the soil.  Soils may 
release up to 100 pounds of nitrogen per acre depending on the soil organic content, how much and what 
kind of organic materials have been incorporated.  However, this amount is more likely to be around 40 
lbs N per acre.  A soil N test at tipover will give an indication of the soil N status and how much addition 
N to apply.  Supplying too much nitrogen can result in excess vegetative growth, reduced or delayed fruit 
set and reduced yields.  When deciding how much nitrogen to apply, take into consideration how much 



the soil system can supply.  When a crop, such as muskmelon, is grown on plastic, topdressing is not 
effective.  Vine crops other than cucumbers will usually do well with a total of 80 to 120 pounds of 
supplemental nitrogen.   
 
Phosphorus and potassium additions are best based on a soil test.  Without a soil test applying a 
maintenance amount of each (amount equal to crop removal) is suggested.  The approximate amount of 
P2O5 and K2O removed in each ton of harvested fruit is given in Table 1.  For seeded vine crops placing 
25 to 40 lbs each of N, P2O5 and K2O per acre in a band placed two inches to the side and two inches 
below the seed will improve early growth.  For transplanted crops applying a starter solution high in 
phosphorus can benefit early plant development.  For cucurbits grown on plastic with trickle irrigation, 
nitrogen and potassium can be supplied with the water.  Broadcast and incorporate all the needed 
phosphate plus 30 to 50 % of the nitrogen and potassium.  From transplanting to fruit set and after harvest 
begins fertigate 4 to 5 lbs N and K2O/acre per week.  During the fruit sizing period fertigate 7 to 9 
lbs/acre per week.   
 
Table 1.  Nitrogen, phosphorus and potassium removal in fruit of selected vine crops.   
 
Crop   Nitrogen         Phosphate           Potassium   
    lb N/ton     lb P2O5/ ton         lb K2O/ ton 
 
Muskmelon          8.4          2.0     11.0 
Watermelon     4.8          0.4       2.4 
Pumpkin          4.0          1.2       6.8 
Squash (hard)          4.0          2.2       6.6 
Cucumber          2.0          1.2       3.6 
            
 
Sulfur deficiency is not a common problem in these vine crops because they are planted after the soil has 
warmed up.  Much of the sulfur available in the soil comes from deposition with rain or from the 
decomposition of organic matter.  Sandy soils low in organic matter are most likely to be low in available 
sulfur.  Plants will have a general yellowish color, similar to nitrogen deficiency, but on the newest 
leaves.   
 
Zinc, copper and boron are not likely to be a concern for the growth and development of these vine crops.   
Zinc and copper deficiencies are not common because of past and current use of fungicides that contain 
these elements.  Soil testing is the best way to determine the available levels of these nutrients.  Low 
levels of available boron are most likely to occur on the sandiest soils, because it tends to leach downward 
from one year to the next.   
 



Insecticides for Cucurbits: Efficacy, 
Mode of Action, and Resistance 

Management 

Rick Weinzierl
University of Illinois, Department of Crop 

Sciences

Overview

• Insecticides for vine crops
• Assessments (and opinions) on efficacy
• Modes of action 
• Insecticide resistance management
• Available references

Insecticides for Use on Vine Crops
common names and trade names

• Organochlorines
– endosulfan (Thiodan, Endosulfan, Thionex) (Group 2A)

• Organophosphates (Group 1B)
– diazinon (Diazinon)
– dimethoate (Cygon, Dimate, Dimethoate) (melons only)
– malathion (Cythion, Malathion)
– oxydemeton-methyl (Metasystox-R, MSR)
– (and chlorpyrifos [Lorsban] seed treatments)

• Carbamates (Group 1A)
– carbaryl (Sevin, Adios, Carbaryl) 
– carbofuran (Furadan per state 24(c) labels))
– methomyl (Lannate) (not on pumpkins or winter squash)
– oxamyl (Vydate) (not on pumpkins or winter squash)

Insecticides for Use on Vine Crops
common names and trade names

• Pyrethroids (Group 3)
– bifenthrin (Capture, Brigade, Bifenthrin, Discipline, 

Fanfare, Sniper, Tundra) 
– cyfluthrin (Baythroid, Renounce, Tombstone)
– cypermethrin (Ammo)
– esfenvalerate (Asana, Adjourn)
– fenpropathrin (Danitol)
– lambda-cyhalothrin (Warrior, Silencer) (related:  Pro-

axis)
– permethrin (Ambush, Pounce, Arctic, Permethrin, 

Perm-UP)
– zeta-cypermethrin (Mustang Max)

Insecticides for Use on Vine Crops
common names and trade names

• Neonicontinoids (Group 4A)

– imidacloprid (Admire, Couraze, Imida, Nuprid, 
Torrent, Widow)

– dinotefuran (Venom)
– flonicamid (Beleaf) (Group 9C)

– thiamethoxam (Actara, Platinum)

Insecticides for Use on Vine Crops
common names and trade names

• Spinosyns (Group 5)

– spinosad (SpinTor, Entrust)
– spinetoram (Radiant)

• Pyridines (Group 9B)

– pymetrozine (Fulfill)
• Avermectins (Group 6)

– abamectin (Agri-Mek, Abba, Epi-Mek, Zoro)
– emamectin benzoate (Proclaim)



Miticides for Use on Vine Crops
common names and trade names

• Organochlorines
– dicofol (Kelthane, Dicofol) (Group un)

• Avermectins (Group 6)

– abamectin (Agri-Mek, Abba, Epi-Mek, Zoro)
• Neuronal inhibitors

– bifenazate (Acramite) (Group 25)

Various Microbials / Botanicals / Organics
common names and trade names

• Bacillus thuringiensis ssp. kurstaki and
aizawai (Group 11B1 and 11B2)
– Dipel, Agree, Biobit, Crymax, Deliver, Javelin, 

Lepinox, Xentari
• azadirachtin (Group 18B)

– Neem, Neemix, Aza-Direct)
• rotenone (Group 21)

• pyrethrins (Group 3)
– Pyganic, Pyrenone

Various Microbials / Botanicals / Organics
common names and trade names

• abrasives, surface films
– diatomaceous earth
– kaolin clay (Surround)

• soaps 
– (M-Pede)

Major Target Pests

• Seedcorn maggot
• Striped/spotted cucumber beetles
• Squash vine borer
• Squash bug
• Aphids
• Mites

For seedcorn maggot management

• Delay planting to allow soil to warm
• Use transplants
• Use seed treatments (Lorsban) where registered 
• Labels for seed-furrow drenches of Admire and 

Platinum do NOT list seedcorn maggot control

For striped and spotted 
cucumber beetle control

• Seed-furrow or transplant applications of Admire or Platinum (or 
Furadan as 24(c) labels allow) may give 2 to 4 weeks control
– Rainfall / soil moisture influences uptake)
– Expect Cruiser seed treatments (when registered) to provide early control 

as well 
• Sevin is effective as a foliar spray

– Reapply to protect new growth
– Also effective against squash vine borer
– Sevin XLR Plus is less likely to kill bees
– Adios is effective only against cucumber beetles; very unlikely to kill bees
– Not effective against aphids, squash bug, or mites
– Wettable powder formulations are especially toxic to bees

• Pyrethroids
– Similar comments as for Sevin re: reapplication; also toxic to bees, so 

application when bees are not foraging is key
– Also effective against squash bug:  Capture, Warrior, Mustang Max, and 

Baythroid are better than Asana, Pounce/Ambush, Ammo



For squash vine borer control

• Expect the pyrethroids to be most effective
• Sevin and Endosulfan also provide some control
• At least two applications at 7- to 10- day intervals often 

are needed; good coverage is essential
• Bacillus thuringiensis

– The larval stage is susceptible to poisoning by but larvae do not 
feed extensively on the exterior of plants

– Sites where larvae enter at the base of vines are difficult to cover 
well with sprays, so Bt products usually are not very effective

For squash bug control
• For late-planted pumpkins or 

squash where adults or 
nymphs will feed on 
seedlings, Admire or 
Platinum applied at planting 
or as a side-dress treatment 
provides some control

• For foliar sprays, treating 
small nymphs is most 
effective

• Pyrethroids are best:
– Capture, Warrior, Mustang Max, 

and Baythroid are better than 
Asana, Pounce/Ambush, Ammo

For aphid control

• Products that are specifically effective against 
aphids, other sucking insects:
– Actara
– Admire
– Beleaf
– Fulfill
– Platinum
– Venom

• “General” insecticides that provide some aphid control
– Dimethoate (for melons only) and MSR
– Endosulfan
– Malathion
– Diazinon (not for pumpkins)

• Insecticidal soaps or neem
• Aphid control will not prevent virus outbreaks

Sevin and pyrethroids
often cause aphid infestations

to increase!!

For mite control

• Agri-Mek and Acramite 
are used specifically as 
miticides

• Kelthane (dicofol) may 
be effective

• Danitol may be effective
• Dimethoate (melons 

only) and Capture may 
provide some control

• Insecticidal soaps for 
organic growers

Insecticide Modes of Action

• IRAC Mode of Action Classification
– Insecticide Resistance Action Committee
– On-line listing of classifications

• http://www.irac-
online.org/documents/IRAC%20MoA%20Classification%20v5_3.pdf

Insecticide Modes of Action
• Group 1:  Acetylcholinesterase inhibitors

– 1A: carbamates:  Sevin, Furadan, Lannate, Vydate
– 1B: organophosphates:  Lorsban, Dimethoate, Malathion, 

MSR (oxydemeton-methyl) 

• Group 2:  GABA-gated chloride channel antagonists
– 2A:  Endosulfan

• Group 3:  Sodium channel modulators
– (DDT, methoxychlor,) all pyrethroids, natural pyrethrins

• Group 4:  Nicotinic acetylcholine receptor promoters 
and antagonists
– 4A:  neonicotinoids:  Admire, Actara, Platinum, Venom



Insecticide Modes of Action
• Group 5:  Nicotinic acetylcholine receptor promotors 

(different from Group 4) 
– spinosad (SpinTor, Entrust)
– spinetoram (Radiant)

• Group 6:  Chloride channel activators
– abamectin (Agri-Mek)
– emamectin benzoate (Proclaim)

• Group 9:  Selective feeding blockers (unknown MOA)
– pymetrozine (Fulfill)
– flonicamid (Beleaf)

Insecticide Modes of Action
• Group 11:  Microbial disruptors of insect midgut 

membranes:
– Bacillus thuringiensis (with multiple subspecies) (and 

multiple trade names)

• Group 18:  Ecdysone (molting hormone) promotors / 
mimics & molting disruptors
– 18A:  azadirachtin (Neem)

• Group 21:  Mitochondrial electron transport inhibitors 
– rotenone

• Group 22:  Voltage-dependent sodium channel 
blockers
– indoxacarb (Avaunt)

Insecticide Modes of Action
• Group 25:  Neuronal inhibitors (unknown mode of 

action)
– bifenazate (Acramite)

• Group un:  Unknown mode of action 
– dicofol (Kelthane)

Resistance Management
• Simple rules:

– Do not use insecticides in the same MOA group repeatedly 
in the same crop/field/season

– Rotate among MOAs at least across generations
– Where an insect pest is not controlled by application(s) of an 

insecticide in a given MOA group, do NOT switch to another 
insecticide within the same MOA group

– If the target pest migrates into the region from an area with 
known resistance to a particular MOA, do not rely on an 
insecticide from that MOA group for control at your site

• Aphids and mites are resistant (or naturally tolerant) 
to Sevin and most pyrethroids
– Outbreaks occur where these products kill these pests’

natural enemies

Preharvest Intervals
• The label-specified (legally binding) number of days 

between final application and harvest for specific 
pesticides):
– Consult and follow required PHIs
– This step is among the most important steps you can take to 

maintain the availability of pesticides for use on vegetables 
and fruits

Preharvest 
Intervals –

Days

Acramite 2 Kelthane 2

Actara 0 Lannate 1-3 (not on pumpkins or 
winter squash)

Admire 21 Malathion 3

Agri-Mek 7 MSR 3-14 (differs among 
crops)

Asana 3 Mustang 
Max

1

Beleaf 0 Neemix 0

Baythroid 0 Platinum 30

Bt 0 Pounce 0

Capture 3 Proclaim 0

Danitol 7 Pyganic 0

Dimethoate 3 (melons only) Radiant 3 (1 for cucumbers)

Diazinon 3 (melons only) Renounce 0

Endosulfan 2 Sevin 3

Fulfill 0 SpinTor 3

Venom 1 (foliar)



Useful References

• 2008 Midwest Vegetable Production Guide 
– http://www.btny.purdue.edu/Pubs/ID/ID-56/
– Production and pest management information
– Updated annually
– Especially useful for listings of insecticides, 

fungicides, and herbicides
• Similar publications from MI, OH, NY, and 

other sources

Illinois Fruit and Vegetable News

• 20 issues per year
• $20.00 by mail
• Free via the web … subscribe for email 

notifications
– http://www.ipm.uiuc.edu/ifvn/index.html
– Email weinzier@uiuc.edu to request 

notifications
• Similar newsletters from other states

Identifying and Managing Cucurbit Pests:   
Insects, Disease, and Weeds

• C1392, Published 2004, University of Illinois 
Extension
– Babadoost, Weinzierl, and Masiunas
– 48 pages, more than 100 color photos

• http://www.PublicationsPlus.uiuc.edu
• 1-800-345-6087




