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Keeping Diseases Out of Low Tunnels 
 

Dr. M.K. Hausbeck (517-355-4534)  
Michigan State University, Department of Plant Pathology, East Lansing, MI 

 

 As growers have implemented low tunnel production systems to help extend the growing season 

for early market opportunities, they have faced challenges with controlling diseases in these mini 

greenhouses.  Low tunnels can be smaller semi-permanent structures or field installed tunnels covering 

several acres.   Low tunnels are constructed to minimize 

the impacts of cold weather and wind on young plants.  

There are several different configurations and types of 

tunnel plastic that are made with or without ventilation 

holes.  The tunnels are usually constructed after the crop 

has been planted and tunnels closed until threat of cooler 

weather had passed.  Some designs use two sheets of 

plastic that are  installed on each side of the row and then 

pulled up to make the side walls (photo to left).  A small 

opening is left at the top as a vent for warm and humid air 

on sunny days.  These vents are usually left open during 

the duration plants are kept in the low tunnels.  Another 

style of construction spreads out a single piece of plastic 

over the hoops to form the tunnel.  This plastic usually has small ventilation holes located throughout the 

plastic which allows for warm humid air to leave the tunnel.  Sometimes the single sheet of plastic will be 

stretched over a layer of frost cloth that was first installed over the hoop.  This layer of cloth minimizes 

the amount of ventilation that occurs which helps promote higher temperature and humidity in the tunnel.  

Warm temperatures coupled with humid conditions provide excellent conditions for both bacterial and 

fungal diseases that can affect crops grown in tunnels.   

 

Bacterial disease:  It has been well documented that bacterial leafspots can become established on both 

pepper and tomato transplants grown in conventional greenhouses.  Removing infected transplants from 

the greenhouse is the most critical component of managing bacterial diseases once they’ve been 

introduced.  Plants showing symptoms of bacterial disease and those immediately adjacent to the infected 

plants should be immediately removed from the greenhouse and destroyed.  In some situations, all of the 

plants will have to be destroyed.  Unfortunately, if the disease begins in a flat that is too far from the 

walkway to be seen easily, the disease may go undetected until several flats are severely infected.  

Although epidemics may seem to appear overnight, chances are it had rather humble beginnings in just a 

few plants and simply progressed unnoticed for a couple of weeks.  Plug sheets containing infected 

transplants should not be reused.   

Planting diseased transplants into the low tunnels ensures that the disease is established early with 

the greatest potential for yield and quality reduction because the high humidity in the tunnels is especially 

favorable for bacterial disease.  Early control of bacterial populations on transplants while still in the 

greenhouse should be the first and most critical step to control bacterial diseases in low tunnels.  Once a 

greenhouse or field is contaminated with bacteria, steps must be taken to assure that future crops remain 

disease free.  If a greenhouse is contaminated, remove all plant material from the greenhouse (including 



weeds and dead plant tissue on the floor), wash and disinfect floor surfaces, hoses, equipment, etc. with a 

10% solution of bleach or a commercial disinfectant (GreenShield is an example).  Wooden structures 

such as benches or trays should be soaked in a disinfectant such as bleach (10%) or GreenShield for a 

minimum of an hour and preferably overnight.  A simple washing of wooden surfaces is inadequate 

because of the cracks and crevices that may allow the bacteria to escape a surface wash.  Bacteria that 

overwinter on a wooden surface may be carried to the plants in water droplets next season during the 

splashing of overhead irrigation. 

Tunnel tomato plantings should be rotated and should not include any other Solanaceous crop 

such as pepper in the rotation program.  Although it is widely thought that the bacteria cannot live in the 

soil, they can survive on tomato debris, especially debris on the soil surface.  Two to three years is a rule 

of thumb to allow such tomato debris to break down when it is incorporated in the field.  Weeds, 

especially solanaceous weeds such as nightshade and horsenettle, should be controlled around the field 

perimeters.  Although it is suspected that the bacteria that cause disease on tomatoes survive on weeds, 

the importance of weeds as a source of inoculum is not well understood under northern growing 

conditions.  

While tomato transplants are in the greenhouse apply copper sprays every five days to help 

reduce the spread of bacterial pathogens on transplants.  To maximize the benefit, copper sprays should 

be applied soon after transplants in the greenhouse have a first true leaf and sprays should continue until 

planting in the field.  Making fungicide applications to transplants in low tunnels might be cost 

prohibitive due to the labor needed to open the tunnels, so early control while the plants are still in the 

greenhouse is key to avoid losses to bacteria (Table 1).  Agri-mycin is also effective but is registered for 

greenhouse use only and not for use in the field.  Agri-mycin can be tank-mixed with copper for 

application to transplants while in the greenhouse.   

 

Table 1. Field results and yield when tomato transplants were sprayed with bactericides in the 
greenhouse, exposed to bacterial canker, and then established in the field. 

Treatments, applied at 5-day intervals 
Yield (lb/5 plants) 

Trial 1 Trial 2 

Untreated healthy ........................................... 40.2 a 42.2 a 

Untreated diseased ......................................... 25.1  b 21.6  bc 

Mancozeb ....................................................... 19.9  b 19.3   c 

Copper hydroxide ........................................... 37.1 a 35.8 ab 

Copper hydroxide + mancozeb ...................... 34.4 a 35.1 ab 

Agri-mycin ..................................................... 36.9 a 35.3 ab 

Copper hydroxide + Agri-mycin .................... 43.0 a 48.0 a 
*
Column means with a letter in common are not significantly different (Fisher’s LSD; P≤0.05). 

 

Fungal diseases:  Downy mildew of cucurbits has previously been a major problem on low tunnel 

cucumbers.  It is believed the disease may become established on cucumber transplants before or right 

after planting into the field tunnels.  Based on MSU research, it has been shown that downy mildew 

spores are present in the air very early in the growing season.  Under the humid conditions in the tunnels 

disease can quickly become established and spread throughout the entire planting and into surrounding 

fields.  Downy mildew moves quickly and needs to be identified early to control the outbreak.  Since the 

plants are somewhat obscured from sight in the tunnels, downy mildew can quickly defoliate the crop 

before it is noticed.  At this time frequent fungicide applications are the only control method that can stop 

downy mildew from defoliating a crop.   Once disease is established in the field foliar sprays need to be 

applied every 5 days for adequate downy mildew control.   

Frequently applying foliar fungicides on cucurbits growing in tunnels will likely be cost 

prohibited.  MSU research from the summer of 2010 has shown that Presidio is effective as a fungicide to 

control downy mildew when applied every 7 days through the drip irrigation.  Fungicides in this test were 

applied both as a foliar and drip applied treatment.  Drip applications occurred over the course of an hour 



while the crop was being irrigated.  Material was continuously applied while irrigating to ensure products 

stayed in the root zone.  The drip-applied Presidio treatment provided the same level of control as being 

applied as a foliar spray with less than 2% foliar symptoms and no crop defoliation (Table 2).  The 

experimental product from Valent (V-10208) was also somewhat effective in controlling downy mildew 

in this study, especially at the higher rate (0.5 pt/A).  Revus was not effective as either a drip or foliar 

application.  The drip irrigation application method has recently been added to the Presidio label and 

offers an important tool for controlling foliar downy mildew in low tunnels.  Both Presidio and Revus 

have been shown to be effective in controlling plant death caused by Phytophthora capsici on peppers 

when applied by drip irrigation.  At this time Revus is not labeled for application through drip tape. 
 
Table 2.  Evaluation of fungicides and application methods for control of downy mildew of cucumber, 2010. 

Treatment and rate/A, application schedule 
Foliar downy mildew 

(%)
z
 

Defoliation
z
 Severity

y
 Yield (lb/20') 

 Untreated control ...............................................................70.0   c
x
 16.3  bc 5.5   cd 74.7 

 V-10208 3.2FS 3.2FL 0.5 pt, 7 day foliar .........................3.0 a 0.0 a 1.3 a 85.3 

 V-10208 3.2FS 3.2FL 0.5 pt, 7 day drip ............................18.3 ab 3.8 ab 2.0 ab 89.6 

 Presidio 4SC 0.25 pt, 7 day foliar ................................ 0.8 a 0.0 a 1.0 a 89.0 

 Presidio 4SC 0.25 pt, 7 day drip ................................ 1.8 a 0.0 a 1.0 a 93.9 

 Revus 3.33SC 0.5 pt, 7 day foliar ................................ 47.5  bc 5.0 ab 3.8  bc 87.1 

 Revus 3.33SC 0.5 pt, 7 day drip ................................ 75.0   c 27.5   c 6.0    d 77.6 
z
Based on a visual estimation of percentage of foliage affected. 

y
Severity rated on a scale of 1-10, where 1=healthy, 5=all foliage with lesions and defoliation starting, to 10=100% 

defoliation. 
x
Column means with a letter in common or with no letter are not significantly different (Fisher LSD Method; 

P=0.05). 

 

Botrytis cinerea, a fungus, causes diseases on greenhouse crops and vegetable crops grown in low 

tunnels.  Leaf spots, blighting, stem cankers, and damping-off of young seedlings are common symptoms.  

Blighting is the most common symptom and affects leaves, petioles, blossoms, and stems.  Botrytis 

produces large masses of gray conidia or spores (hence the name “gray mold”) that are carried on air 

currents to healthy plants where blight can become established.  Botrytis typically becomes established 

and produces conidia on older lower leaves that are near the moist soil surface and under the plant canopy.  

This diseased tissue offers a good source of nutrients that are used to produce abundant amounts of 

conidia.  When the weather is moist and humid, susceptible plants may need to be protected from Botrytis 

infection.  While fungicides alone cannot control Botrytis blight, they are often necessary partners in a 

successful disease management program that includes environmental control.  Even the best fungicides 

will not provide the needed control if the relative humidity is high and exceeds 85% and the leaves stay 

wet for 6 hours or more in a 24-hour period.  Plants may also be susceptible if they become wet from 

water dripping from condensation from the tunnel plastic.  This moisture allows the Botrytis conidia to 

germinate and penetrate the plant.  Practices that reduce the relative humidity are very helpful and include 

spacing plants further apart and providing good air circulation by venting the tunnels.   

 Powdery mildew epidemics can occur on melons, cucumbers, gourds and tomatoes.  Depending 

on how the disease is managed, there may be minimal impact or complete crop loss.  The white talcum-

like growths (colonies) are initially small but can rapidly blight the leaves and stems of susceptible crops.  

Growing crops susceptible to powdery mildew can be a challenge, and fungicides have typically played a 

key role.  Powdery mildews are tricky and have been known to genetically adapt to overcome some of the 

most effective fungicides.  Powdery mildew can occur on all above-ground plant parts and results in 

white growth on the plant’s surface.  When the fungus reproduces, the abundant conidia (spores) give a 

white, powdery or fluffy appearance.   Severe infection can cause yellowing and withering of leaves and 

restrict plant growth.  Powdery mildew can infect plants even when the relative humidity is low, but 



epidemics are prompted when relative humidity is high.  Sometimes the powdery mildew progresses 

unnoticed until many plants are infected.  As with the other diseases early detection and control is 

essential before transplants are placed in the low tunnels.   

 

Summary:  Early detection and control of diseases before transplants are placed in low tunnels is 

essential in limiting field disease. The plants become difficult to protect with foliar applications of 

fungicides once the tunnels are installed.  Growers need to recognize that disease can be present on the 

plants without showing obvious symptoms and be willing to make applications preventively before 

transplanting crops into the field and installing tunnels.  Proper ventilation of low tunnels can help reduce 

the high humidity that favors disease development and spread in the low tunnels. Avoiding excessive soil 

moisture during cooler temperatures when plants are small can help limit the damage caused by soilborne 

pathogens.  Control of certain fungal pathogens such as Phytophthora and downy mildew can be possible 

in low tunnels as effective fungicides like Presidio are registered for application via drip irrigation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This material is based upon work supported by the USDA CSREES Special Research Grant Program 

under Awards No. 2009-34572-19990 and 2008-34572-19339 and the Specialty Crops Research Initiative 

under Award No. 2008-51180-04881.  Any opinions, findings, and conclusions or recommendations 

expressed in this publication are those of the author and do not necessarily reflect the views of the USDA 

CSREES.  This research was also supported by the Pickle and Pepper Research Committee for MSU, 

Pickle Packers International, Inc. 

 



Low Tunnel Cucumber and Tomato Production 
 

Ms. Rebekah Struck*, Dr. Mathieu Ngouajio**, and Dr. Ron Goldy*** 
*Graduate Student Dept of Horticulture, MSU, East Lansing, Michigan, 48824  struckr1@msu.edu  

** Associate Professor Dept of Horticulture, MSU, East Lansing, Michigan, 48824 ngouajio@msu.edu 
*** Senior Educator, SWMRE 1791 Hillandale Road, Benton Harbor, MI 49022 goldy@anr.msu.edu  

 

Low tunnels can provide many benefits for farmers, which include: earliness in planting and 

harvesting, season extension, and frost protection. This study concentrates on the earliness factor 

of both planting date and harvest date. Vegetable production is restricted by the temperate 

climate in Michigan, which limits the growing season. With this limitation, most growers harvest 

at the same time, which can drive the vegetable prices down and negatively affect income. Low 

tunnels are a way for growers to start planting earlier, so they can harvest earlier, and receive a 

higher price for their produce before vegetable prices begin to decline.  

 

Materials and Methods:  

Low tunnels are usually covered with either polyethylene plastic or spun-bonded fabrics 

(polyester or polypropylene), covering a wire frame. For this experiment, these coverings were 

used in different combinations, to find out which system may work the best to allow for an 

earlier planting date in Michigan.  

 

This experiment was conducted at Southwest Michigan Research and Extension Center 

(SWMREC) in Benton Harbor, Michigan.  It had a randomized complete block design with six 

treatments and three replications. The treatments included: 

• No row covers standard system normal planting date of May 24, 2010 

• No row covers standard system early planting date April 22, 2010* 

• Single layer: clear polyethylene plastic row covers 

• Single layer: white polyethylene plastic row covers 

• Double layer: clear polyethylene plastic and spun-bonded polyester plastic row covers 

• Double layer: white polyethylene plastic and spun-bonded polyester plastic row covers 

 

* This treatment was included for scientific reasons only since no grower would take the 

risk of planting tomato or cucumber in April in the region.  All row cover treatments 

were planted on April 22, 2010. 

 

Each treatment bed was divided into two sections, with the tomato plants in front and the 

cucumber plants in the back.  Each bed was irrigated and fertilized regularly. The picture on the 

next page is taken right after the low tunnels were installed on April 22, 2010. 

 



 

 

Microclimate monitoring sensors were installed in each of the six treatments. These sensors 

included:  

• Light sensor at 10” above the bed in replication 2 only. 

• Air temperature and relative humidity sensor at 6” above the bed in all replications. 

• Soil temperature sensor at 4” deep in all replications. 

 

The following chart provides all the activities preformed from start to finish of this experiment: 

Date Activity 

April 22, 2010 

Tomato Transplants and cucumber seeds were planted on black mulch raised bed 

Installed temperature, relative humidity, and light sensors 

Installed low tunnels 

May 24, 2010 
Removed low tunnels 

Replanted missing cucumber plants within all treatments 

May 28, 2010 
Replanted tomato transplants in the normal planting date control treatments 

Reduced tomato plants to two shoots, leaving the 1st sucker below the 1st flower 

June 2, 2010 Tomato plants were staked 

June 4, 2010 Sensors removed 

June 10, 2010 Thinned cucumber plants to 2 plants per hole 

June 24, 2010 
Tomato pruning 

1
st
 cucumber harvest 

July 6, 2010 4
th
 cucumber harvest (1

st
 harvest from the normal planting date control treatment) 

July 30, 2010 9
th
 tomato harvest (1

st
 harvest from the normal planting date control treatment) 

August 3, 2010 Final (12
th
) cucumber harvest and 6

th
 tomato harvest 

August 13, 2010 
Final (8

th
) tomato harvest, for all treatments except the normal planting date control 

treatment  

August 23, 2010 Final (9
th
) tomato harvest from the normal planting date control treatment 

 

Results: 

The cucumber yield for the standard normal planting date of May 24
th
 did not have its first harvest date 

until July 6
th
, which was the fourth harvest date for the cucumbers planted on April 22

nd
. The cucumbers 

planted under the low tunnels (June 22, 2010) were harvested almost two weeks earlier, than those 

planted at the normal planting date (May 24, 2010).  

 

The tomato yield for the standard normal planting date of May 28
th
 did not have its first harvest date until 

July 30
th
, which was the fifth harvest date for the tomatoes planted on April 22

nd
. The tomatoes planted 

under the low tunnels (April 22, 2010) were harvested almost two weeks earlier than those planted at the 

normal planting date (May 28, 2010)  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

StdEar = No row cover planted early (April 22, 2010) 
StdNor = No row cover planted at normal date (May 24, 2010) 
ClearSL = Clear plastic single layer row cover  
ClearDL = Clear plastic single layer row cover 
WhiteSL = White plastic single layer row cover  
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MSU Projects on High Tunnel Fruit Production 
 

Eric Hanson (hansone@msu.edu, 517-355-5191 x1386) and 
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Department of Horticulture, Michigan State University 

 
We began work with fruit production under multi-bay high tunnels in 2005. Multi-bay structures have 

multiple interconnected tunnels. They are inexpensive relative to stand-alone tunnels, but are limited in 

snowy areas like Michigan because they cannot carry snow loads and need to be uncovered during the 

winter. This is why they are also referred to as “3-season” tunnels. Three-season tunnels provide no 

benefits in the winter, but they do protect perennial fruits when the crop is present. Other MSU people 

involved in these projects include John Biernbaum, Daniel Brainard, Diane Brown, Ron Goldy, 

Matthew Grieshop, Rufus Isaacs, Adam Montri, and Annemiek Schilder. Below is a brief description of 

previous and current tunnel efforts. 

 

Southwest Michigan Research and Extension Center (SWMREC), Benton Harbor. 

 

This project started in 2005 with the construction of eight 24-ft bays (8/10 acre) of Haygrove 

Tunnels. Past reports on this work are available on the websites of the Great Lakes EXPO 

(www.glexpo.com), SWMREC (www.maes.msu.edu/swmrec/), and MSU Cherries 

(www.cherries.msu.edu). Four bays of the structure have been devoted to sweet cherries, two to berries 

and two to vegetables. The primary goals of the cherry work have been to 1) evaluate the performance 

of 44 varieties, 2) test strategies for hastening ripening while protecting flowers/fruit from spring frosts, 

3) develop a solid-set canopy spray application system (to eliminate tractor alleys), and 4) develop 

novel fruiting wall training systems for optimized space efficiency. We have found that tunnels reduce 

some insect and disease pressures, improve tree growth, and can promote impressive cherry fruit 

quality.  

 

The berry tunnels have been used to test the effects of tunnel conditions on plant growth, 

productivity, and fruit quality of strawberries (2005-2007), raspberries (2005-2009), and blackberries 

(2007-present). Diane Brown, the Berrien County MSUE Horticulture Educator, initiated additional 

work with strawberries in 2010. We have found, as have others, that raspberries and blackberries 

respond well to tunnel environments. Yields and berry quality are improved and tunnels can prolong the 

harvest period. Benefits to strawberries are much more modest.  

 

Clarksville Horticultural Experiment Station (CHES), Clarksville. 

 

Three 28-ft bays of Haygrove tunnels were installed in 2005 over bearing sweet cherry trees. 

The initial intent was to gain some early understanding of the effects of tunnels on flower pollination 

and fruit quality and yield. We have found that tunnels nearly eliminated cherry leaf spot and damage 

from Japanese beetles, and that bumblebee hives facilitated optimal pollination activity. On good soils, 

trees on Gisela 5 dwarfing rootstock were easier to manage than trees on the more vigorous Gisela 6 

rootstock.  

 



These tunnels will be replanted in the spring of 2011. The new goals are to 1) evaluate the 

performance of high value varieties of some novel high value stone fruits, including apricots, apriums, 

plums, pluots and nectarines, and 2) evaluate the efficacy of high density fruiting wall training systems 

for these crops. 

 

Horticulture Teaching and Research Center (HTRC), East Lansing. 

 

A nine-bay (each 26 x 200 ft) Haygrove tunnel structure was constructed on campus in 2009/2010 to 

research organic production practices for fruits. The project is described in a short video on YouTube 

(www.youtube.com/watch?v=xWnI6iIZeVQ). The initial objectives are to develop organic soil and pest 

management systems for sweet cherries and raspberries, test production techniques for organic apple 

nursery tree production, and develop mixed planting and management strategies for sweet cherries and 

raspberries.   
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