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Virus Symptoms and Incidence
Dr. M.K. Hausbeck (517-355-4576, hausbec1@msu.edu)
Michigan State University, Department of Plant Pathology

Several viruses infect and damage squash, cucumbers, and pumpkins in Michigan.  Among these
are cucumber mosaic virus (CMV), zucchini yellows mosaic virus (ZYMV), and watermelon mosaic
virus 2 (WMV2).  Each of these viruses may infect squash, cucumber, zucchini, and pumpkin alone or in
combination.  Infected plants may be stunted and/or distorted.  ZYMV, CMV, and WMV2 all produce 
mosaic on foliage and fruit of infected plants.  Plants are especially damaged when infected young
because the yields are reduced and fruit quality is often affected by bumps and discoloration.  CMV was
widespread in vegetable vine crops in 2005.  In particular, pickle growers suffered widespread and serious
crop losses.  Young pickle plantings established mid-summer were infected as early as the first true leaf
stage, although viral symptoms were not always obvious.  Symptoms caused by ZYMV are often more
severe than those caused by CMV and WMV2.  Along with causing severe distortion and discoloration of
the fruit,  ZYMV significantly reduces yields.  ZYMV causes such devastating crop loss that plants with
mosaic symptoms that test positive for this virus should be destroyed to limit spread of this disease within
a region.  ZYMV was first reported and described in Italy and France in 1981.  It was detected in the U.S.
in 1982 in Connecticut.  ZYMV caused a severe epidemic in 1985 in many regions of the U.S.  Positive
identification of the virus(es) infecting the crop is based primarily on serological tests such as ELISA
(enzyme-linked immunosorbent assay).  Identification based on field symptoms alone can be misleading

CMV infects many vegetables and other plants unrelated to vine crops.  WMV2 infects vine crops
and legumes (beans and peas) and other plants outside the cucumber plant family, while ZYMV infects
primarily vine crops.  

Table 1.  Plants known to serve as hosts for WMV2.
watermelon star cucumber sweet pea cheeseweed, mallow

citron snake gourd lupine curled mallow
West India gherkin lambsquarter phasey bean flax-seed plantain

hedgehog gourd quinoa sour clover pheasant’s-eye flower
muskmelon spinach bean white cut-leaved mignonette

African horned cucumber cape marigold pea dyer’s rocket
bitter apple common groundsel crimson clover common mignonette
cucumber shepherd’s purse huban clover mask flower

Malabar gourd snow-on-the-mountain fenugreek Chinese houses
pumpkin bluecurls narbonne bluewings

winter squash wild canterbury-bell spring vetch bishop’s weed
squash fiddleneck cotton chervil

wild cucumber henbit tree mallow lamb’s lettuce
calabash gourd guar musk flower corn salad



Table 2. Plants known to serve as hosts for ZYMV.
watermelon cucumber squash snake gourd

West India gherkin pumpkin wild cucumber henbit
hedgehog gourd Malabar gourd Chinese okra fenugreek

muskmelon buffalo gourd sponge gourd crowfoot
African horned cucumber winter squash bitter melon bluewings

bitter apple coyote gourd

It is unlikely that all hosts of ZYMV and WMV2  have been identified.  CMV, WMV2, and
ZYMV overwinter in biennial and perennial plants and are usually carried to new plantings by aphids. 
Within plantings, CMV is spread chiefly by aphids, but may also be spread by cucumber beetles.  WMV2
and ZYMV are also spread by aphids.  While these viruses can be transmitted in plant sap through
mechanical wounding (i.e. harvesting knives), spread by this means is considered minor.  

Only a short feeding time (as short as 15 seconds) is necessary for an aphid to pick up the virus
from an infected plant.  Once the aphid has picked up the virus, it can transmit the virus immediately to a
healthy plant.  Aphids retain the virus for a short time and may lose the ability to transmit the virus within
4 hours. 

Several vine crops were damaged in Michigan this year as a result of viral infection.  During the
growing season, 185 samples were submitted to Diagnostic Services for disease diagnosis and
approximately 25% of these exhibited viral symptoms and tested positive for CMV and/or WMV2 and/or
ZYMV (see Table 3).  Occasionally, samples were sent to Agdia, a diagnostic facility specializing in
viruses, for a full viral screen that included an additional 10 viruses.

Table 3. Vegetable crops testing positive for viruses in 2005.
CMV CMV, WMV2

snap bean jalapeno pepper summer squash yellow squash
yellow wax bean pickle tomato pumpkin

cucumber pumpkin zucchini zucchini
pepper butternut squash

WMV2 CMV, ZYMV WMV2, ZYMV CMV, WMV2, ZYMV

watermelon cucumber pumpkin squash

Applying insecticides to cucurbits to control these viruses has not been effective.  However,
growers should be aware of surrounding crops and weeds that may serve as aphid sources.  Insecticide
applications to surrounding crops that are serving as aphid sources may be helpful.  Reflective mulches,
plastic coverings, and oil sprays when used experimentally have delayed and reduced infections, but have
not been used commercially because of cost and disposal problems of mulches and covering materials. 
Weed control in and around plantings may help reduce infections, but will likely be inadequate by itself. 
Known weed hosts of WMV2 include (but are not limited to) lambsquarter and shepherd's purse. 
Planting a border crop that is attractive to aphids but not a host to the viruses around a susceptible vine
crop has not been evaluated in Michigan.  In theory, the aphids would feed first on the border crop greatly
diluting any virus that the aphid might be carrying before feeding on the susceptible vine crop.  Although
this practice may be helpful, it would not eliminate occurrence of the virus.  Currently, use of resistant
varieties is the most effective approach in managing these virus diseases and should be coupled with weed
control.  
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Understanding the role
of aphids

in virus spread
(w/ special attention to

soybean aphid)

Chris DiFonzo
Field Crops Entomologist

Michigan State University
East Lansing

Some non-persistent viruses in MI
Alfalfa mosaic  (AMV) 

Common bean & Bean yellow mosaic
Celery mosaic

Cucumber mosaic (CMV)
Potato virus Y (PVY)

Watermelon mosaic  (WMV-2)
Zucchini yellows (ZYMV)

All are
transmitted
by aphids…

Feeding behavior
(sap-sampling)

Movement in the
landscape

Large Numbers

Why are aphids
such good virus vectors?

How do aphids spread 
non-persistent viruses?

Contamination of mouthparts

Acquisition time: seconds - minutes

Transmission time: seconds - minutes

Retention time: short, several probes

Favors species that are VISITORS
= species that do not live on the crop
= species that will taste the crop & dislike it
= species you rarely see on the plants

Aphids that spread non-persistent viruses
act like dirty hypodermic needles

Aphid species that transmit viruses in veg crops 
Acyrthosiphon pisum
Aphis craccivora
Aphis fabae
Aphis gossypii
Lipaphis erysimi
Myzus persicae
Macrosiphum euphorbiae
Rhopalosiphum maidis
Rhopalosiphum padi
Uroleucon sp.

pea aphid
cowpea aphid
black bean aphid
melon aphid
turnip aphid
green peach aphid
potato aphid
corn leaf aphid
bird-cherry oat aphid
aster/ composite aphid

• found on common crops, weeds around field
• transmission is a function of # and efficiency
• ~ 50-100 other less abundant species as well
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A new species in Michigan - Soybean Aphid
First reported in August 2000

Native of China; now established in the Midwest
Known to transmit many potyviruses

Outbreaks in 2001 & 2003;  2004 was a low year

2004 Heavy SBA flight to buckthorn in the fall
Tremendous numbers of eggs overwintering.

Pictures taken by
T. Baute, M. Sears, A. Schaafsma

Based on fall flights + egg density,
researchers predicted an outbreak for 2005

So….what actually happened in 2005?

The earliest recorded colonization of soybean
* June 2 – Ingham County, MSU
* June 3 – Saginaw County, Bean & Beet Research Farm

The earliest recorded spray applications
* SE Michigan & NW Ohio,  mid-June 

Some of the highest populations on plants
* Avg Bean & Beet Research Farm = 17,000 / plant
* Highest recorded # on a plant = 30,000 / plant

The highest recorded suction trap catches
* Thousands per trap

Bean & Beet Research Farm, Saginaw County, MI, 2005
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Typical aphid populations in soybean

Winged form or alate

Nymph
with
wing
buds

Why should you care about soybean aphid?

high plant population

X
large #s of aphids per plant

X 
potential for winged forms 

=
additional vectors in the landscape

+ 2 million acres in Michigan alone

Avg 17,000 aphids per plant

50% winged forms

160,000 plants/acre

Calculate 1,360,000,000 winged SBA
generated per acre in Saginaw.
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Aphid
Suction
Trap

Network
2005

North Central Regional Soybean Aphid Suction Trap Network
Welcome to the suction trap network. Click on a site to see trap counts, or 
click on the links below the map to view data for each state. 

http://www.ncipmc.org/traps/

How high & when were
winged soybean aphid flights in 2005?

Kellogg Biological Station
Kalamazoo County
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Can suction traps predict the
timing of virus spread in other crops?

August 5 August 12July 29

Legend
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1111--100100
100100--500500
500500--10001000
10001000--25002500
25002500--50005000

If you had a new planting emerging
during this interval, you were in trouble.

July 25, 2005 – soybean aphids landing on soybean

50

Avg 40 SBA per plant
High count was 166

Timeframe
- morning
- late afternoon

•MSU campus
•Treated beans
•Aphids from outside the field

But do soybean aphids land in other crops?
Average # of aphids per trap (mostly soybean aphid)

Squash field in western Michigan, 2003
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Can soybean aphids transmit veg viruses?

Virus
Bean common mosaic

Cucumber mosaic

Zucchini yellows

Potato virus Y
(strains O, N, NTN)

#SBA/
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14%-75%

Take Home Messages
Potyviruses in vegetables are spread most efficiently

by species which DO NOT colonize the crop.

Soybean aphid is one such new vector

Millions of winged aphids are potentially
developed in soybean fields in outbreak years

Soybean aphids move across the landscape.

Soybean aphids land in (& sap-sample) other crops.

Soybean aphid transmit potyviruses of veg crops.



 
 
 
 

Understanding the Role of Minor and Micro Nutrients in 
Vine Crop Growth, Yield and Quality:  
Cucumber, Melon, Summer Squash 

 
Darryl Warncke, Crop & Soil Sciences, Michigan State University 

 
Nitrogen, phosphorus and potassium are generally considered the major nutrients because 

they are the ones that most often need to be added to the soil in large amounts.  Plants take up and 
utilize calcium, magnesium and sulfur in amounts equal to or greater than phosphorus.  However, 
most soils are better able to naturally supply adequate amounts of these three nutrients.  Soil pH is 
very important for the availability of most nutrients, especially calcium, magnesium and most of the 
micronutrients.  A soil pH in the range of 6.0 to 6.5 is best for the growth of cucumber, melons and 
squash.  At soil pH greater than 6.0 calcium and magnesium are quite available.  The sandiest soils 
are most likely to have low levels of available calcium and magnesium.  As the calcium soil test 
decreases below 250 ppm the probability of benefit from calcium addition increases.  Good soil 
moisture is quite important for optimizing the movement of calcium to plant roots.  For sand, loamy 
sand and sandy loam soils 30, 9 and 1 percent have calcium soil test values less than 250 ppm.   
About 39, 19 and 5 percent of the sand, loamy sand and sandy loam soils have magnesium soil tests 
blow the critical value of 35 ppm.  Calcium is important for cell structure, stem strength and fruit 
quality.  Calcium shortage can result in blossom end rot (BER) of the fruit.  Maintaining good soil 
moisture along with a good calcium supply is important for minimizing BER.  Magnesium is 
important in chlorophyll formation and photosynthesis.  Foliar application of 2 lbs calcium and/or 
magnesium per acre per application can provide some in-season benefit, but long correction needs to 
come from application to the soil, 20 to 50 lbs magnesium and over 100 lbs calcium per acre.   
 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.  Sulfur deficiency is most likely to occur in the early part 
of the growing season when soil temperatures are less than 55oF and soil microbial activity is slow.  
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.   
 The key micronutrient for these vine crops is manganese.   Manganese deficiency is most 
likely to occur on high organic matter soils with a soil pH above 6.5.  Since manganese availability 
decreases rapidly when mix with soil, the best ways to apply it is with band placed fertilizer and/or as 
a spray on the foliage.  Foliage sprays should supply 1 lb actual manganese per acre per application.  
Zinc, copper and boron are less 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 out from one year to the next.  In general, vine crops are not real responsive to boron, 
and in the seedling stage boron in a fertilizer band may cause some injury.   



 
 

Weed Control in Vine Crops 
 

Douglas Doohan, Dept. of Horticulture & Crop Science 
Ohio State University/ OARDC 

Wooster, OH 44691 
 

Vine crops should only be planted in fields where the number of buried weed seed has been 
minimized through very good weed control in previous crops.  This is important because few highly 
effective herbicides are registered on vine crops and even with those, not all weeds likely to occur are 
controlled.  Follow rotational crop guidelines included on the label of herbicides used in previous crops to 
ensure that carryover injury of vine crops does not occur.  Vine crops should not be planted until spring 
frosts are past and soil temperatures are 60 F or higher – usually late May or June.  Prior to planting vine 
crops practice continuous summer fallow by repeating cycles of tillage every time weed seedlings 
emerge.  This practice will greatly reduce the amount of weed seed buried in the soil and over time, the 
amount of weed control work and expense needed.   
 Herbicides registered on vine crops are Poast, Select, Prefar, Alanap, Curbit, Strategy, Sandea, 
and Command 3 ME.  Poast and Select non-toxic to broadleaf crops and are used exclusively to kill 
annual grasses.  They can be applied one or more times as needed, up to 14 days before harvest.  Prefar 
and Alanap are weak herbicides that control annual grasses and a small number of annual broadleaf 
weeds, respectively.  They are better than nothing, but not much better!   
 Curbit is mainly a grass herbicide but it provides descent control of common lambsquarters, 
redroot pigweed, purslane and smartweed.  Curbit must be applied between seeding and crop emergence 
and requires ½ inch of water to activate.  Curbit should never be used under plastic and should not be 
applied over the top of transplants.  Command 3ME can be used preemergence on vine crops except jack-
o-lantern pumpkins (unless a state approved label is available).  Command on vine crops is labeled from a 
low maximum use rate of 0.67 pt/A on melons to a high of 1.33 pt/A on winter squash and processing 
pumpkins.  At the low rate expect only suppression of grasses and a few broadleaf weeds.  At 1.33 pt/A, 
velvetleaf, foxtails and fall panicum are well controlled; galinsoga, lambsquarters and mallow are 
suppressed.  Pigweed is rarely well controlled with Command, even at higher rates.    
 Strategy is a pre-mix of Command and Curbit.  Like them, it is applied after seeding but before 
crop emergence and water (1/2 inch) is needed to activate.  The combination improves weed control 
somewhat over control with either herbicide alone.  Sandea is the newest herbicide on vine crops and 
controls the largest number of broadleaf weed species plus yellow nutsedge.  It can be used over the top 
of most vine crops except summer squash, watermelons and gourds.  However, over-the-top application 
guidelines vary for each labeled crop so check the label for specific directions.  Sandea is used both 
preemergence and postemergence.  Postemergence applications should always include a non-ionic 
surfactant.  Weed control varies somewhat depending on how Sandea was applied.  For instance 
lambsquarters are well controlled with preemergence applications but are not controlled at all with 
postemergence applications.  Nutsedge control is best with postemergence applications.  Giant ragweed is 
controlled postemergence only.  
 An effective approach used by many growers in Ohio has been to apply Strategy immediately 
after seeding for early season weed control.  Pigweeds will be amongst the first species to break through 
Strategy applied preemergence.  These can then be picked up by a correctly timed postemergence 
application of Sandea.  With luck lambsquarters will have not yet broken through Strategy; therefore, 
control of both species can be extended by Sandea’s preemergence activity.  Most vine crops can be 
sprayed with Sandea twice (closely adhering to label instructions for correct crop staging and preharvest 
intervals).  Strategy preemergence, followed by one (or two applications if needed) of Sandea 
postemergence provides an opportunity to achieve weed-free vine crops with minimum hand weeding and 
cultivation. 


