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High Tunnel Production: What Works and What Doesn’t 
 

William James Lamont Jr., Professor and Extension Vegetable Specialist 
 Department of Horticulture, 206 Tyson Building 

The Pennsylvania State University 
University Park, PA 16802 

Phone: 814-865-7118 
E-mail: wlamont@psu.edu 

 
High tunnels are an excellent example of season extension technology that when employed by growers 
can extend the growing season and improve the yield and quality of vegetables, strawberries and cut 
flowers.  We certainly have observed a dramatic increase in the numbers of high tunnels, not only 
Pennsylvania but throughout the United States. Growers are looking to use them to produce a variety of 
vegetables, small fruits and cut flowers primarily for their retail markets. This article will provide some of 
my thoughts on cropping options for high tunnels based on experience gained at the High Tunnel 
Research and Education Facility located at the Horticulture Research Farm, Rock Springs, PA. 
 
Background Information  
High tunnels are certainly not greenhouses, although greenhouse principles serve as the basis for the 
function of a high tunnel.  High tunnels normally have only one layer of plastic, unlike a greenhouse 
where there are two layers inflated with air.  There is usually not a furnace or permanent type heating 
system and the associated fans for heating and ventilating.  In a true greenhouse one can produce almost 
any crop if there is sufficient light. There is no electricity in a high tunnel.  Ventilation is accomplished by 
manually rolling up the sides each morning.  The ventilation of the tunnels is critical to the successful 
production of crops in a high tunnel.  Some growers have installed a small fan and louvers to provide 
some ventilation and to keep the temperatures from rising rapidly in the morning until they are able to get 
over to roll the sides up. Others have ridge vents to aid in ventilation.  Some growers do provide 
supplemental heat through the use of non-vented propane heaters that should only be used in an 
emergency situation (such as an extreme drop in temperatures) and only for the short term. Trickle or drip 
irrigation is use for watering and feeding (fertigation). I have seen high tunnels that are like the basic Old 
Model T Ford and some that it is hard to tell the difference between the high tunnel and a greenhouse.  
The cost of a high tunnel will run around $1.90-$2.15/sq. ft. and that includes pipe framing, plastic and 
wood for ends walls, hip board and base board.  
 
My experience is that you can grow almost any crop in a high tunnel but the key is the profitability and 
that is basically tied to marketing opportunities and that is especially true in the northeastern United States 
and in particular Pennsylvania.  Most the high tunnels are located on farms with a diversification of 
horticultural crops that are being sold through their own retail markets or local farmer’s market.  High 
tunnels are certainly used widely around the world to produce a wide array of crops. 
 



  

Crops 
It is important to keep in mind when considering what crops to grow that all the practices that apply to 
producing a good crop in the field apply to high tunnels.  It is important to consider, transplant versus 
direct seeding, use of plastic mulch and drip irrigation, low tunnels, floating row covers and thermal 
blankets, fertility, maintaining soil health, rotation of crops- not only within the season but between 
seasons, perennial versus annuals, insect and disease management, water management, proper harvest and 
handling, and finally and most important “marketing”.  It is important to start with the marketing and 
work backwards into production.  
 
Tomatoes - this is probably the number one crop produced in high tunnels.  Production can be at least a 
month ahead of field production.  There are very few if any diseases not even early blight although 
powdery mildew can be a problem in high tunnels.  Insects, especially white flies, can be controlled with 
biologicals (Encarsia formosa).  The key management strategy is daily (every morning and every 
evening) opening and closing the high tunnels to manage temperature and humidity.  This is critical to 
successful production of crop in a high tunnel.  Tomatoes can be grown as a full season crop or the crop 
can be terminated and a second crop started in July for fall harvest when the production in the field has 
been terminated.  
 
Summer Squash  - yellow (straightneck and crookneck), zucchini, patty pan, and other summer squashes 
grow very fast in tunnels.  Earliness is the general rule, but not as consistently so as with tomatoes.  The 
range of earliness can be as high as a month but also as low as 7 days.  Outside conditions make a big 
difference is squash maturity.  Also, pollination is necessary; a series of bad bee days could reduce both 
earliness and total yield.  A half hive of greenhouse bumblebees is the best insurance against casual 
pollination by honeybees.  Incidentally, if there are several high tunnels in close proximity, the 
bumblebees will fly from tunnel to tunnel but go back to the hive at night.  Powdery mildew can be a real 
problem on squash as well as most cucurbits.  This crop would be an early crop or a late crop and would 
fit into a multiple cropping scheme. 
 
Cucumbers, Muskmelons and Watermelon - these crops also need bees for pollination.  The use of 
black plastic mulch will permit the cucumbers to stay clean without having to trellis them.  From a retail 
point of view, the yield of non-trellised cucumbers is quite profitable.  Trellising cucumbers certainly 
increases the labor bill.  Muskmelon production in high tunnels is questionable from the standpoint of 
economics.  Seedless watermelons have done well in high tunnels. It is recommended that growers try 
early varieties with and without trellising to determine if this crop has a place in high tunnels.  Cucumbers 
definitely have a place in a multiple cropping scheme in high tunnels. 
 
Pepper - fruit set of peppers (bell types) in a high tunnel is far more dependable than with field-grown 
peppers. The economics of pepper production appears quite good.  Pricing peppers for retail markets is 
one key for success.  Hot pepper and specialty varieties also grow and yield superbly in high tunnels.  
Peppers would probably be considered a full season crop. 
 
Leafy Green Crops  - if you are looking to grow the ingredients for a salad the high tunnel is the place to 
grow them.  The extra heat provided by the tunnels will greatly accelerate the maturity and thereby make 
way for succession cropping. A wide variety of lettuce, spinach and leafy greens (mustard, turnip, beets) 
respond well to production in high tunnels and the use of a floating row cover or low tunnel (tunnel 
within a tunnel) can even be incorporated into the system to provide an even earlier and more favorable 
growing environment.  The lettuce and spinach can be the first crops of the season and also the last crops 
of the season in a high tunnel and even all winter long depending on the severity of the winter weather. 
 
 



  

Broccoli, Cabbage, Cauliflower, Kale and Collards  - these crops also have great potential for 
production in high tunnels.  Most of these crops can be used in a rotation scheme in tunnels as a very, 
early spring crop, which is then followed by a summer crop and then followed by a late fall/early winter 
crop of these vegetables. 
 
Other Vegetable Crops  - depending on the individual growers marketing opportunities crops like okra, 
sweet potatoes, small red potatoes (red, white and blue potatoes), asparagus, bush pumpkins, snap beans, 
lima beans, peas, onions, garlic, leeks, radishes, beets, turnips and carrots and the list can be expanded 
even further. Some of these crops can be fitted into a multiple cropping scheme.  The decision to produce 
any of these crops will depend on one’s market outlet. 
 
Herbs - There are dozens of herbs that are used in a variety of ways.  High tunnels offer an excellent 
protective environment for these crops, including the capacity for drying and storing.  At Penn State we 
sell both fresh and dried herbs at our Cellar Market on campus. Use high tunnels to maintain the high 
quality of the herbs. 
 
Strawberries and other Small Fruit - strawberries grown from plugs and planted in the fall on raised 
beds covered with plastic mulch is a way to get fruit production about six weeks earlier than in the field.  
The use of  ‘Chandler’, a California/Florida variety, has been one of the best varieties because it 
overwinters quite well in high tunnels.  The goal is to get a minimum of one pound per plant.  Other small 
fruit crops that indeed have a place in high tunnels are raspberries, blackberries and blueberries depending 
on marketing opportunities.  These are perennial crops and would need to have a tunnel dedicated to 
them. In the eight years that we had red raspberries and blackberries in a high tunnel they were never 
sprayed with a fungicide.  
 
Cut Flowers - on a square foot basis, the value of cut flowers is near  (or at) the top of the charts.  Inside 
a high tunnel, flower stems are longer than outdoors, the foliage is nearly disease free, and the flowers 
themselves are brilliant in color.  The plants are almost always completely dry; therefore, disease 
problems are minimized.  Both traditional spring planted flowers and spring- flowering bulbs (planted in 
the late fall) grow very nicely in high tunnels.  One can extend the production of cut flowers by 4 weeks 
in the fall by using a high tunnel. 
 
High tunnels provide an ideal protected growing environment for any number of crops, but all crops 
might not be economical for any number of reasons.  Therefore, a good approach to take would be to try 
different crops in light of market demands and marketing strategies 
 
There are temperature limitations in high tunnels.  They are not designed to be as warm as a greenhouse.  
Some type of supplemental heat should be available just in case there is a sudden unexpected drop in the 
temperature that would permanently injure the crop.  The critical low temperature will depend on the 
crop.  If the intent were to have a permanent heat source in a high tunnel, then if would be well to 
consider constructing a bona-fide greenhouse that easily could be used year around.   
 
For addition information on the plasticulture and the high tunnel project at Penn State contact the 
following websites: 
 

• American Society for Plasticulture: http://www.plasticulture.org/ 
• Center for Plasticulture, Penn State University: http://plasticulture.cas.psu.edu 

 



  

Examples of some economics 
 

Cost of Production Figures for a 17’ x 96’ High Tunnel 
 
Tomato Cost of Production      
  $/tunnel  
Variable costs      
 Lime 0.38  
 Fertilizer 2.55  
 Safer soap (3%) 3.65  
 Quadris 2F (1x) 0.48  
 Lady-bird beetles (4x) 44.00  
 Parasitic wasps (2x) 39.80  
 Black plastic mulch 9.60  
 Dripline 7.78  
 Drip irr. system operation 7.59  
 Transplants 22.08  
 Transplanting labor 40.89  
 Hand weed control 10.00  
 Trellis labor (staking & training) 26.50  
 Ventilation and monitoring labor 275.00  
 Stakes 17.17  
 Twine 8.83  
 Machinery repairs & maint. 3.45  
 Machinery operation labor 26.60 
 Fuel 2.11 
 Harvest labor 320.00 
 Grading/packing labor 80.00 
 Boxes 43.80 
 Marketing 72.82 
 Seasonal clean up labor 30.00 
 Interest on operating capital 10.97 
     
 Total variable costs 1,106.05 
     
Fixed costs     
 Machinery and equipment 6.53 
 Land 15.00 
 High tunnel 558.70 
     
 Total fixed costs 580.23  
 
Total cost $1,686.27  
 
Breakeven price  $11.58/32# lug box 
   $0.36/lb. 
 
 
 
 
 



 
 
 
 

New Developments In Drip Irrigation 
 

Bill Wolfram 
District Sales Manager 
Toro Micro Irrigation 

www.ToroMicroIrrigation.com 
 

Abstract:  Over the past few years there have been several developments and improvements in drip 
irrigation.  Some of these are advances in equipment and others are adoption of elements that have been 
available for some time now. 
 
Drip Tape:  From where we started with a tube within a tube or tube on a tube in drip tape to turbulent 
flow tape where most manufacture are now there is a new development.  That is a truly pressure 
compensating drip tape that will allow a grower the ability to have 25 feet of elevation change and still 
have a 90% or better emission uniformity.  The allowable pressure variation for turbulent flow tape for 
90% emission uniformity is 3.5 psi or 8.1 feet of elevation change while pressure compensating tape 
allows a 12.5 psi or 28.9 feet of elevation variation.  That product is Aqua Traxx PC® and looks like 
other drip tapes except that it has a flexible molded emitter diaphragm strip inside that makes it pressure 
compensating. 
 
Sub Surface Irrigation (SDI):  SDI where you inject drip tape 6 to 16 inches deep is another innovation 
that has taken off and is now an accepted method of irrigation for row crops primarily corn.  With the 
improvements of GPS for tractors, growers know where the tape is located in the ground for cultural 
practices and you are seeing more growers adapting to these systems as their water resources diminish.  
For EQUIP funding there are minimum flushing requirements and by using a pressure compensating drip 
tape in some applications it enables the grower to use a smaller diameter tape and use less water when 
flushing. 
 
Air Injection:  Is another innovation where there have been benefits and increased yields in peppers and 
strawberries by injecting air into the irrigation water.  The down fall is the tape needs to be buried into the 
root zone 4 to 6 inches deep and not on top of the bed. 
 
White Hose:  For temperature sensitive plants and seedlings during germination it has been found that 
high temperatures can stunt or kill very small plants and plants in small pots.  The temperature of a black 
hose in the sun can reach 140°F and it has been found that the water in the hose or tube is the same 
temperature.  By using a white colored hose the temperature stays at air temperature and is less likely to 
scaled young plants. 
 
Automation:  While automation is not a new innovation more growers are starting to adopt automation 
as it helps them manage their time and irrigation better and improving crops.  Automation is also being 
adopted as it allows growers to more accurately apply nutrients 
 
Soil Moisture Management:  In soil moisture management we are seeing more sophistication with data 
loggers recording the information and uploading it to computers so growers can see a history of moisture 
movement.  We are also seeing accuracy increase with capacitance sensors measuring every 4 or 6 inches 
in the soil profile and also measuring fertilizer movement.  Not only are these sensors being installed 



vertically but are also being installed horizontally to look at the sideways movement of water and 
nutrients.  Some blueberry growers have been changing to 18 inch spacing of drip line to get a more 
uniform wetted pattern in sandy soils. 
 
Recycling:  Growers are readily looking for outlets to recycle waste plastic and drip tape from the field.  
In some areas as in California and Leola, PA the recycling programs are working well but in many of the 
eastern states, a lack of someone willing to consistently take ag plastic is a hold up.  Penn State continues 
to work on developing a plasto fuel which could be fed into burners. 
 
For more information contact:  Bill Wolfram at Bill.Wolfram@Toro.com  
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Drip Irrigation 
Design and Equipment

Bill Wolfram, CID

Toro Micro Irrigation
www.ToroMicroIrrigation.com

Design / Layout
• Blue Print or Map of the system
• Identifies pipe lines, valves and where 

other components are located
• Identifies Zones

Zone Flow and Pressure
• Identifies Laterals

• Flow and Spacing
• Length of Run
• Uniformity

System Components

PumpBackflow 
Prevention

Flowmeter

Chemical Injection 
System

Filtration 
System

Zones              

Submain

Laterals

Flushline 

Laterals

Flush valves on 
individual laterals 

(alternative design) 

Air & Vacuum 
Release Valve

Pressure Gage
Flush Valve

Zone Valve

Water Sources

• Pond
• Canal
• Deep Well
• Sock Well
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Water Sources Get a water test

Well - Filter - Controller

Pumps

• Electric or Diesel
• Centrifugal, Turbine, Variable Speed
• Are you only running the Drip?
• What are the future requirements?
• What Horsepower is needed?

Pump and Filter on Steam
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Back Flow Prevention
Required!

• Required to 
prevent 
contamination of  
the water source.

• Specified by the 
State

• Double Check
• Check, Air Gap 

and Drain

Flow Meter
Not the place to save $$$$

• Indicates what is 
happening with 
system.

• Flow
• Clogging
• Broken pipes
• Open valve
• Reporting

Pressure Gauges
• Let’s you know when filters need 

flushing
• Indicates operating pressure
• Used to trouble shoot uniformity 

issues
• Should be used to check pressures 

at:
• Header
• End of Lateral

System evaluation

Pressure Guages

100 PSI 15 PSI 

Checking Pressures

• Know what the pressures are supposed to 
be.

• Have pressure check points installed in all 
the places you need to check the 
pressures.

• Use the same liquid filled gauge.
• Preset pressure regulators need to be 

checked periodically too.
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Injectors

• Venturi / Mazzei
• Micro Injection 

Pump
• Piston Pumps
• Small Centrifugal 

Pumps

Chemical Injection

• Fertilizer
• Chlorine
• Agents
• Acids

Mazzi Injectors Air Relief and Injectors

Micro Injector Filtration

• Most common cause of system 
degradation and failure?
– Emitter plugging

• All micro-irrigation systems MUST 
have adequate filtration

• Filtration systems must be actively 
managed.
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Filtration

• Manual or Automated
Automated backflush is triggered by pressure 

drop across filter or time.
• Adequate filtration is critical for proper 

system performance and longevity
• Pressure Gauges are used on inlet and 

outlet sides of filtration to determine when 
to backflush or clean filters.

Filtration Requirements

• Depends on water quality
– Sediment
– Organics

• Algae
– Chemistry – Requires Treatment

• Iron
• Carbonates

Smaller Filters

F-Series: Screen or Disc
• ¾”, 1” 1-1/2” MPT
• 5 to 142 psi
• Flow 5 to 80 gpm
• Small or Large Body 

Available (small body filter 
fits great in valve boxes)

XD Disc Filters
• 2” and 3”
• Flow up to 220 gpm

Don’t Remove Filter During Operation Air / Vacuum Relief
Flushing Zones



6

Electric Control Valves Header and Risers

System Flush Valves Laterals / Emission Devices

Drip Line / In Line Emitter Laying Equipment
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Blueberries in CA Dual Lines in Arid Region

New Planting Lateral - Dripper Line

• Type of Emitters
• Cylindrical
• Boat Type
• Punch On

Drip In PC

Pressure Compensating Emitters allow a 
wide pressure difference down the row.

15 50

1.0 GPH

0.53 GPH

EMITTER

PRESSURE

Thermal Effects on 
Polyethylene (PE) Pipe / Tubing

• PVC and Polyethylene is rated at 73.4°F
• PE will expand or contract 2.4 inches per 

100 feet for each 10 degree change. 
• Black Hose can reach temperatures of 

140°F when warmed by the sun.
• An 80°F temp change on a 500 ft hose will 

contract 8 feet.
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CAPILLARY MOVEMENT
• Capillary Movement is how water moves 

sideways and up in the soil.
• The finer the soil the more the movement.
• If beds are kept moist water moves better 

than if the beds or soil is dry.
• Raise beds covered with plastic mulch 

benefit very little from rain in sandy and 
sandy loam soil after the plant has 
canopied.

What is the Difference?
Sandy Loam Soil

5/8 INCH TAPE 16 INCH SPACING  .17GPM/100 FT

Approximate Lateral Movement
• Coarse Sand 0.5 - 1.5 feet
• Fine Sand 1.0 - 3.0 feet
• Loam 3.0 - 4.5 feet
• Heavy Clay 4.0 - 6.0 feet

System Maintenance

Iron Bacteria Sand 
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Chemical Precipitation Flushing Lines

Flushing Lines

• How often should lines be flushed?
• How long should lines be flushed?
• Is there enough velocity to provide for 

adequate flushing?
• Single line vs. manifold flushing

Automation

THANK YOU

Bill Wolfram
Toro Micro Irrigation

Bill.Wolfram@Toro.com
www.ToroMicroIrrigation.com

757-710-0320



Transitioning From Methyl Bromide: Fumigant Trials

Dr. Mary K. Hausbeck (517-355-4534), and Brian Cortright
Michigan State University, Department of Plant Pathology

Methyl bromide is a critically important tool for managing soilborne pathogens in Michigan’s vegetable

crops.  Although growers practice integrated pest management (IPM), soilborne pathogens, including

Phytophthora capsici, Fusarium oxysporum f.sp. melonis, and Verticillium spp. are persistent in

production fields and are especially difficult to control.  As a result, some Michigan growers of fresh

market tomatoes (700 acres), peppers (268 acres), eggplant (107 acres), and cucurbits (458 acres) have

become reliant on methyl bromide as an important disease controlling tool.  These industries are

currently not prepared to survive without methyl bromide.  Critical Use Exemptions (C.U.E.s) were

submitted in 2002-2007 for extended use of methyl bromide in Michigan’s solanaceous and cucurbit

crops.  

Methyl bromide is versatile and use patterns effectively suppress weeds and pathogens under the

production conditions of the Midwest.  Use of alternative fumigants can be difficult when soil conditions

are unsuitable for applications during early spring or fall.  Soil temperatures below 50°F compromise

effective fumigation and 3-week aeration periods are proposed to avoid residual phytotoxicity by

fumigants.  During Midwest springs, soils can be too cold and too wet for efficient fumigation and

planting operations do not always allow for sufficient aeration after fumigation.  Because of the short

plant-back interval of methyl bromide, crops can be transplanted as soon as spring soils reach an

appropriate temperature.  This allows access to early marketing opportunities.  Profit earned in this early

season represents a majority of a Michigan producer’s annual profit;  vegetables sold during mid-season

are often a break-even exercise.  However, it is necessary for growers to participate in both mid- and late-

season markets so that they are viewed by brokers and buyers as a stable and reliable supplier of product. 

Three different melon and eggplant experiments (plastic film study, registered and non-registered

products) were established with a Michigan grower in a commercial field that has a history of Fusarium

and Verticillium.  Fumigant alternatives were compared to a standard rate of methyl bromide/chloropicrin

currently used by growers for the registered and non-registered trials and reduced rates of fumigants were

used in the film study.  The objective of these trials was to determine if currently registered alternatives

and an unregistered product provide adequate disease control with positive economic impacts under large

scale field use.

A series of treatment blocks that were 9 beds wide by 750 ft long were used to test methyl bromide

alternatives in a randomized complete block design.  Each block was separated by a 10-ft wide harvest

alley.  In each block, two different treatments were applied to three adjacent beds on either side of the

block.  The center and outside beds of the 9-bed block were left untreated and used as a comparison for

the two fumigant treatments.  Each treatment was replicated three times for a total area of 0.75 acre for

each fumigant tested and a total plot size of 4.5 acres.   Methyl bromide/chloropicrin (MBr/pic), Midas

50/50, Telone C35, and straight chloropicrin were applied at the time of bed formation and plastic

installation. After the appropriate off-gassing period for each fumigant had expired, planting holes were

punched by a mechanical water wheel and transplants were hand planted by the grower’s workforce.  



The crop was grown using normal practices for each crop and pesticides, irrigation, and fertilization were

applied by the cooperating grower.   Sections of rows 20-ft long were marked and used for weekly stand

counts, vigor ratings, and yield assessments.  Data from the plots were analyzed using SigmaStat version

3.1 using a 2-way ANOVA and the Fisher LSD multiple range test.

Vigor ratings from the melon film experiment indicate a decline in plant growth when fumigants were

applied at reduced rates under the VIF (virtually impermeable film) compared to fumigants applied at full

rates under LDPE (low density polyethylene film) (Table 1).   This loss of vigor was noticeable on 12

Jun.  At the time of harvest on 16 Jul, vigor ratings between the two types of film were similar.  All

fumigant treatments had statistically higher vigor than the paired untreated controls.  

Disease pressure was noticeably higher in the treatment blocks that contained the Midas and MBr/pic

treatments as the fumigated treatments had significantly higher yields than the untreated controls.  Higher

prices for melons prevailed the first 14 days of plot harvest.  Yields for the treatments that were

fumigated with chloropicrin (alone) or Telone C35 were significantly lower during the first 14 days of

harvest.  This resulted from these treatments having a longer plant-back interval that delayed

transplanting.  Disease pressure was reduced in the blocks containing Telone C35 or chloropicrin (alone)

and resulted in higher yields than expected for the untreated controls.  Regardless of film type, the

MBr/pic and Midas treatments had the highest yields of marketable fruit for both total yield and yield for

the first 14 days of harvest. 

Table 1.  Melon vigor and yield results for 2007 Michigan fumigant film study.  

Treatmentz Rate/A

Vigory Marketable yieldx

Jun 12 Jul 16 14 dayw Total

Untreated (Midas) . . -- 1.0 a 2.3  b 25.1  b 32.3    cd

Midas LDPE . . . . . . . 300 lb 1.0 av 1.0 a 106.3 a 112.0 a 

Midas VIF . . . . . . . . 175 lb 3.0  cd 1.0 a 98.5 a 105.9 ab

Untreated (MBr/pic) -- 1.3 ab 3.3    c 29.2  b 29.2      d

MBr/pic LDPE . . . . . 350 lb 1.0 a 1.0 a 84.8 a 119.7 a

MBr/pic VIF . . . . . . . 250 lb 2.7 abc 1.0 a 74.4 a 126.8 a

Untreated (Pic) . . . . . -- 1.0 a 2.7 bc 86.1 a 90.9 ab

Chloropicrin LDPE . 25 gal 2.7 abc 1.0 a 11.6  b 96.4 ab

Chloropicrin VIF . . . 20 gal 3.3  cd 1.3 a 11.6  b 80.5 abc

Untreated (C35) . . . . -- 1.0 a 2.3  b 96.8 a 96.8 ab

Telone C35 LDPE . . 35 gal 2.3 abc 1.3 a 0.0  b 77.0 abcd

Telone C35 VIF . . . . 20 gal 4.7    d 1.3 a 4.2  b 56.4   bcd
zFumigants applied under either VIF (virtually impermeable film) or LDPE (low density polyethylene film). 
yVigor rating based on visual growth on 1 to 10 scale; where 1=no stunting and full vine growth, 5= moderate plant stunting and

limited vine growth, 10=complete plant death.
xYield of fruit of marketable size (120 to 80 count melons). 
wFruit that were mature during first two weeks of harvest and available for the first market.
vData in columns with a letter in common were not significantly different, Fisher LSD (P=0.05)



The second experiment compared Midas, MBr/pic, and an untreated control using full rates under LDPE. 

MBr/pic showed the best vine growth for both rating dates and the highest marketable yield during the

first 14 days of harvest (Table 2).  Plants in the Midas treatment showed some slight vigor loss early in

the season, but then recovered to produce a total marketable yield comparable to MBr/pic.  

Table 2.  Melon vigor and yield results for 2007 Michigan non-registered fumigant study.  

Treatment Rate/A

Vigorz Marketable yieldy

Jun 12 Jul 16 14 dayx Total

Midas LDPE . . . . . . . 300 lb 3.0  bw 1.3 a 137.9 a 164.7 a

MBr/pic LDPE . . . . . 350 lb 1.0 a 1.0 a 143.4 a 158.5 a

Untreated LDPE . . . . -- 5.3   c 3.3  b 87.1  b 94.1  b
zVigor rating based on visual growth on 1 to 10 scale; where 1=no stunting and full vine growth, 5= moderate plant stunting and

limited vine growth, 10=complete plant death.
yYield of fruit of marketable size (120 to 80 count melons). 
xFruit that were mature during first two weeks of harvest and available for the first market.
wData in columns with a letter in common were not significantly different, Fisher LSD (P=0.05)

The final melon experiment looked at the registered fumigants (MBr/pic, Telone C35, Chloropicrin, and

Sectagon-K54 alone and in combination with chloropicrin) for control of Fusarium wilt.  All treatments

had similar yields but only MBr/pic yielded fruit during the higher-priced melon market.  

Similar studies using the same plot setup were conducted with eggplant for the control of Verticillium. 

All eggplant studies were located in Sodus, MI on a grower cooperator’s farm.  

The film test that compared the use of VIF to LDPE showed that all the treatments, except the MBr/pic

and Midas applied under VIF, had significantly improved vigor compared to the untreated control for the

first evaluation date (Table 3).  Vigor differences were significantly better compared to the untreated

controls for all treatments on the 18 Jul but these differences were not seen when plant roots extended

from beyond the treated bed.  All of the treatments, except Midas with both LDPE or VIF, had

significantly fewer plants showing symptoms of Verticillium wilt on the first two evaluation dates.  For

cumulative yield, the application of straight chloropicrin had the most significant differences than its

paired untreated for all harvest dates.  The reduced rate of MBr/pic had the highest yield for all plots and

was significantly different from the paired untreated.  Midas applied under VIF also showed similar

differences in yield.  The delayed plant back restriction of Telone C35 limited the amount of significant

differences until the last two harvest.  

The trial that included the registered treatments showed no significant differences among the treatments

for plant vigor at the first rating (Table 4).  During the mid Jul evaluation all treatments, except

chloropicrin, showed significant vigor improvements over their paired untreated controls.  In Aug,  more

symptoms of plant stunting could be seen across all treatments with the chloropicrin plus Sectagon-K54

treatment having significantly better plant vigor then its paired untreated control.  In the assessment of

wilted plants, treatments of Telone 35, Sectagon-K54 (both rates), and chloropicrin plus Sectagon-K54

consistently had significantly fewer wilted plants than their paired untreated controls.  MBr/pic had fewer

wilted plants than the untreated control for the first two evaluations dates.  MBr/pic and chloropicrin had

significantly higher yields than the untreated control.  

These experiments will be repeated during the summer of 2008 with the addition of two new trials on

pepper and squash for the control of Phytophthora capsici.  This research has been funded by the USDA

Methyl Bromide Transitions Grant Award 2006-51102-03565. 



Table 3.  Effect of film type and rates of fumigants for control of Verticillium of eggplant, 2007.

Treatment and rate/A and

plastic mulchz

Vigory Wilted plants (out of 15) Total yield

7/6 7/18 7/6 7/18 Lb/30 ft

Untreated (Midas) . . . . . . . . . . 3.0   bc 3.5   cd 4.0 ab 4.5   b 50.2     cd

Midas 300 lb LDPE . . . . . . . . . 1.0 ax 1.0 a 0.0 a 0.0 a 65.3 a-c

Midas 175 lb VIF . . . . . . . . . . . 2.0 ab 1.5 ab 0.0 a 1.0 ab 70.8 ab

Untreated (MBr/pic) . . . . . . . . 3.0   bc 4.0      de 5.0   b 10.5     c 48.9       d

MBr/pic 350 lb LDPE . . . . . . . 1.0 a 1.0 a 0.0 a 0.0 a 56.5   b-d

MBr/pic 250 lb VIF . . . . . . . . . 2.0 ab 2.0 ab 0.0 a 0.0 a 74.8 a

Untreated (chloropicrin) . . . . . 4.5       d 5.0         e 9.5     c 15.0      d 33.0         e

Chloropicrin 25 gal LDPE . . . . 1.5 a 1.5 ab 0.0 a 0.0 a 62.5 a-d

Chloropicrin 20 gal VIF . . . . . . 1.0 a 2.5   bc 0.0 a 1.0 ab 71.6 ab

Untreated (Telone C35) . . . . . . 3.5     cd 5.0         e 6.5     c 14.0    cd 30.2         e

Telone C-35 35 gal LDPE . . . . 1.5 a 1.5 ab 0.0 a 0.0 a 63.9 a-d

Telone C-35 20 gal VIF . . . . . . 1.0 a 1.0 a 0.0 a 0.0 a 65.6 a-c
zPlastic mulch was virtually impermeable film (VIF) or low density polyethylene (LDPE).
yVigor rated on a scale of 1 to 10, where 1=healthy, 10=dead.
xColumn means with a letter in common are not significantly different (Fisher LSD Method; P=0.05).

Table 4.  Comparison of registered fumigants for the control of Verticillium of eggplant.

Treatment and rate/A
Vigorz Wilted plants (out of 15) Total yield

7/6 7/18 7/6 7/18 Lb/30 ft

Untreated 1 . . . . . . . . . . . . . . . . . . . . 3.5 4.0     c 2.5     c 7.5     c 12.5       d

Telone C-35 35 gal . . . . . . . . . . . . . .  2.5y 2.0 ab 0.5 ab 0.0 a 35.2   b-d

Sectagon-K54 60 gal . . . . . . . . . . . . 2.0 2.0 ab 0.0 a 0.5 a 31.8   b-d

Untreated 2 . . . . . . . . . . . . . . . . . . . . 2.0 3.5     c 2.0   bc 5.5   bc 14.3     cd

MBr/pic 350 lb . . . . . . . . . . . . . . . . . 1.0 1.0 a 0.0 a 0.0 a 59.0 a

Chloropicrin 25 gal . . . . . . . . . . . . . 2.0 3.0   bc 1.5 a-c 3.5 ab 44.2 ab

Untreated 3 . . . . . . . . . . . . . . . . . . . . 3.0 4.0     c 2.0   bc 7.0     c 19.9     cd

Sectagon-K54 30 gal . . . . . . . . . . . . 2.0 2.0 ab 0.0 a 0.0 a 35.9   bc

Chloropicrin 25 gal

+ Sectagon-K54 30 gal . . . . . . . . . . . 2.5 1.5 a 0.0 a 0.0 a 36.0   bc
zVigor rated on a scale of 1 to 10, where 1=healthy, 10=dead.
yColumn means with a letter in common are not significantly different (Fisher LSD Method; P=0.05).


