
MAPPING YOUR ROUTE TO THE FUTURE

Great Lakes Fruit, Vegetable & Farm Market EXPO
DeVos Place Convention Center

Grand Rapids, MI
December 7-9, 2004

Plasticulture

Wednesday afternoon 2:00 pm 

Where: Gallery Overlook Room A-B (upper level)

Recertification credits: 1 (Private, 1B)

CCA Credits: CM(2)

Moderator: Ron Goldy, SWMREC MSU Extension 

2:00 p.m. The Haygrove Tunnel System

• Graham Moore, Haygrove Tunnels

2:45 p.m. Irrigation and Fertigation in Plasticulture Production

• Dorota Z. Haman, Agric. Engineering Dept., Univ. of Florida

3:10 p.m. Current and Future Status of Biodegradable Plastics

• John Warner, Agriculture and AgriFood Canada

3:35 p.m. Plasticulture Strawberries in Northern Climates

• Kathy Demchak, Horticulture Dept., Pennslyvania



 
 
 
 

The Haygrove Tunnel System 
 

Graham Moore, Haygrove Ltd 
Redbank Farm 

Ledbury, Herefordshire HR8 2JL 
United Kingdom 

Tel  +44 1531 635041 
Fax  +44 1531 633351 

Email:  tunnels@haygrove.co.uk 
Web:  www.haygrove.com 

 
English soft fruit production was primarily from open fields vulnerable to our notoriously 
changeable maritime climate with some growers using low tunnels for earliness. In the early 90’s 
Haygrove imported multi-bay structures from Southern Europe. The concept was a good one but 
the tunnels needed radical improvement to meet our needs. Over several years new structures 
were tested and improved at the farm until we had a low cost, field scale tunnel system within 
which tractors can be used and that stand up to strong winds.  
 
The impact on British horticulture soft fruit has been spectacular and this has spread to other 
crops with grower over 4,000 acres of Haygrove Tunnels built in the last 5 years covering small 
fruit, cherries, plums, flowers, herbs, ornamentals, tomatoes, peppers and some high value 
vegetable crops.  
 
Haygrove Tunnels are now used across the world, helping growers to produce reliable supplies of 
high quality flowers, fruits and vegetables. North American growers are now seeing the benefits 
with success reported by strawberry, raspberry, cherry, cut flower and tomato growers. 
 
The results of North American case studies will be presented for crops including raspberries, 
cherries and tomatoes. 
 
 
 



Benefits 
 
Crop Results Source 
Tomato 
 

Increased yield 
Dramatic reduction in early and late blight 
infection (Phytophthora and Alternaria). 
Improved skin finish 
 

Lancaster County, 
Pennsylvania 

Cherry Increased yield  
• Fruit allowed to size by safely delaying 

harvest. 
• Losses due to cracking and rots virtually 

eliminated. 
Better quality 

• Larger, sweeter fruits 
•  

Berks County, 
Pennsylvania 

Raspberry High quality late season production from fall 
bearing raspberries  
 

Simcoe, 
Ontario 

Strawberries & 
Raspberries 

Reliable supply to end customers and more 
efficient use of labour. 
Clear economic benefits: 

• 14% yield increase 
• 34% increase in grade one yield  
• 2-3 weeks earlier start to picking 
• 31% more $ income 

 

Average from grower 
survey, 
England, UK 

 
 
Footnote 
Haygrove are growers, growing strawberries, raspberries, cherries, lilies and sunflowers for 
supermarkets in Great Britain. We introduced field scale multi-bay tunnels in 1993 and started 
selling them to other growers in 1996. Year-on-year we develop new concepts and solutions to 
our own and customer’s problems, testing them first on Haygrove’s farms, before launching them 
for sale. 
 



 
 
 
 
 

Irrigation and Fertigation in Plasticulture Production 
 

Dr. Dorota Z Haman 
Agricultural and Biological Engineering 

University of Florida - Gainesville  
 

According to the American Society for Plasticulture, the broad term “plasticulture” includes the use of 
plastics in agriculture.  In general, it includes plastic film mulches, drip irrigation tape, row covers, low 
tunnels, high tunnels, silage bags, hay bale wraps, and plastic trays and pots used in transplant and 
bedding plant production.    

The type of plasticulture that we will focus on here refers to plastic covered raised beds with drip 
irrigation.  The use of plasticulture in the production of horticultural crops (vegetables, small fruits, 
flowers, tree fruits, and ornamentals) presents a lot of benefits.  The beds typically are from 6- to 10-
inches in height and 24- to 36-inches in width. The plastic mulch serves to retain injected fumigants and 
nutrients, minimize weed growth, maintain bed shape, and keeps the lower fruit away from the soil. This 
type of bedding practice allows easy adaptation to microirrigation systems that utilize line-source or drip-
type irrigation laterals (Figure 1).  Drip irrigation laterals can be installed at the same time as the plastic 
mulch by modifying the mulch-laying implement to hold a reel of tubing. On sandy soils, where capillary 
raise of water is small, laterals are placed directly under the mulch. Some tubing manufacturers 
recommend burying the tube 1- to 2-inches below the soil surface. On heavier soils, the irrigation tubing 
can be buried much deeper and sometimes left in place for several years.  This type of drip irrigation is 
called Subsurface Drip Irrigation (SDI).  

 

Figure 1. Typical raised beds used in vegetable production under plasticulture. 

Polyethylene plastic film, used for mulch, accelerates plant growth by increasing soil temperature and 
stabilizing soil moisture. Properly scheduled drip irrigation used in conjunction with plastic mulch helps 
maintain optimum soil moisture, aids plant establishment and promotes excellent crop growth throughout 
the season. Drip irrigation allows also for “prescription application of fertilizer and other chemicals.  
Well-managed early spring vegetables on plastic mulch routinely mature one to two weeks earlier than 
those on bare ground. Plastic mulch also helps protect vegetables from decay by preventing contact with 



contaminated soil. In addition, plastic mulches control most weed growth.  It has been shown that most of 
the vegetables such as: cantaloupe, tomato, pepper, cucumber, squash, eggplant, watermelon and okra are 
high-value vegetables crops that can be produced earlier and with higher yield and/or fruit quality when 
grown on plastic mulch.  

Placement of the microirrigation lateral and proper scheduling can allow precise application of water to 
the active root system of a crop. Therefore nutrient leaching and deep percolation can be minimized to 
increase efficiencies in applying water and chemical products through the system.  The hazard of 
environmental pollution due to application of agrichemicals is also reduced under well-managed 
plasticulture production. 

IRRIGATION SYSTEM COMPONENTS 

General components of a drip-type microirrigation system for mulched bed vegetable production are 
shown in Figure 2. Lateral lines are attached to manifolds or submains.  The manifolds and submains, 
which distribute the water to the specific parts of the field, are usually constructed from flexible smooth-
walled, non-collapsible, black PE or flexible PVC pipe that can be left on the soil surface.  They can also 
be constructed out of rigid PVC pipe that is buried beneath the soil surface for protection against sunlight 
damage and prevention of algae growth in the line.  The controls for adjustment of flow rate and pressure 
are usually located in the submain or manifold line along with valves and timing devices for the separate 
parts of the field. 
 
A main control station, often called the "control head", is usually located close to the water supply.  A 
typical control station includes the pump, backflow prevention system, chemical injection system for 
fertilizers, chlorine or other chemicals, and a combination of different filters.  A main line valve and flow-
meter are also included in the control head.  Microirrigation systems can be controlled manually or 
automatically.  Automatic control can be electro-mechanical (clock) or electronic (computer).  The 
controller is often located next to other components of the control station.  It can control the main valve, 
chemical injection, backflushing of filters, solenoid valves, and other controls located at remote locations 
in the irrigation system.  Depending on the system, all or some of these components can be automated. 
Automation can reduce the labor requirements and possibly increase the system efficiency. It is always 
recommended that a microirrigation system includes an injection equipment for injection of cleaning 
agents such as chlorine or acid and for injection of fertilizers and other agrichemicals. 
 
FERTIGATION  

 
Microirrigation systems allow for a high level of control of chemical applications.  Plants can be supplied 
with the exact amount of fertilizer required at a given time.  Since chemical solution is applied directly to 
the root zone a reduction in the total amount of fertilizer used is possible.  Other chemicals, such as 
herbicides, insecticides, fungicides, nematicides, growth regulators and carbon dioxide can be efficiently 
applied through microirrigation systems to improve crop production. 
 
Traditionally, chemical application through irrigation systems is called chemigation.  Chemigation has 
been practiced for many years especially for fertilizer application (fertigation).  In recent years, other 
chemicals are also being applied through irrigation systems with increasing frequency.  The primary 
reason for chemigation is economy.  It is normally less expensive to apply chemicals with irrigation water 
than by other methods.  The other major advantage is the ability of applying chemical only when needed 
and in required amounts.  This "prescription" application not only follows plant needs much closer than 
traditional methods, but also minimizes the possibility of environmental pollution.  Through chemigation, 
chemicals can be applied only in amounts needed and thus large quantities are not subject to leaching 



losses if heavy rainfalls follow applications.  Additional advantages of chemigation include less operator 
hazard and possibly reduced amounts of chemicals. 

 
There are several methods of chemical injection into an irrigation system. These methods can be 
classified into four major groups: centrifugal pumps, positive displacement pumps, pressure differential 
methods, and methods based on the venturi principle.   
 

 
 
Figure 2. A typical microirrigation system layout for vegetable production. 
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Current and Future Status of Biodegradable Plastics

John Warner
Agriculture and Agri-Food Canada

Greenhouse and Processing Crops Research Centre
Harrow, Ontario, Canada N0R 1G0

Plastic (polyethylene) mulches have been used in commercial vegetable production since the early 1960s.
Benefits include soil temperature modification, earlier crop production, higher yields, enhanced produce
quality, improved soil water retention by reduced evaporation, reduced fertilizer leaching, reduced soil
erosion, better management of certain insects pests, and fewer weed problems. Plastic mulches are
relatively inexpensive to purchase, easy to use, and readily available in a variety of colours and forms.
Furthermore, crop management systems are well established for plasticulture. It is estimated that over
4000 acres of vegetables are grown on plastic mulches in Ontario, Canada. 

Plastic mulches, however, have a negative impact on the environment. They are produced using non-
renewable resources, are not biodegradable, are often disposed of after a single season, and disposal of
used mulch is becoming more difficult. Disposal may involve incineration, burying in a landfill site, or
recycling. Open burning of plastic is not allowed in most jurisdictions. Incineration to recover the fuel
value is an alternative, however, incineration facilities that will accept waste plastic are not readily
available. Land filling plastic mulches is expensive; the plastics persist for many years after disposal and
restrictions are placed on the disposal of agricultural plastics in landfills. Some landfills refuse to accept
used plastic mulches. Recycling of plastic mulches is difficult because of plant material, soil, moisture,
and possible chemical residues associated with them after their use in the field. Some growers are
stockpiling used plastic mulch because no other suitable alternatives exist. The pick up and disposal cost
in U.S. dollars of plastic mulch has been estimated at over $100.00 per acre.

An alternative to polyethylene mulch is biodegradable mulches. Organic mulches such as hay, straw,
sawdust, etc. provide some of the benefits of plastic mulch but may be more expensive, harder to handle
and do not provide the soil warming effects encountered with plastic. Paper mulches have also been used,
however, paper disintegrates at the shoulder where the mulch is buried and paper pieces tend to blow
around. Recently, biodegradable polymers have been developed for agricultural uses. Biodegradable
films are often thinner than traditional polyethylene, but otherwise are quite similar. Biodegradable films
are available in clear, black and a variety of colors. They may be made from renewable resources such as
starch, cellulose, or degradable polymers. There are two types of biodegradable polymer films presently
being investigated. One is a polyethylene which has a proprietary additive which allows oxidative
degradation of the polyethylene film. The breakdown is a two step process. The first step is the oxidative
degradation breaking the long carbon chains down into smaller pieces. The oxidative degradation is
triggered by sunlight, heat and mechanical stress. The film becomes brittle, and the molecular fragments
are then further broken down by microbial action to CO2, water and natural substances. The second step
is the microbial action. Depending on how the film is formulated will affect the length of time required
for it to break down (from several months to several years). These are not the same as the
photodegradable mulches that were previously available that left plastic residues in the fields.



The other type of films under test are starch based polyester. Starch is added to the formulation to break
up the long polymer (carbon) chains to shorter lengths which are then subject to further breakdown
through microbial activity to CO2 and water. Polyester is also biodegradable. There are also polyethylene
films with starch added to enhance breakdown, but the problem is that molecular fragments of
polyethylene may remain in the soil.

There are compostable standards in the US (ASTM) and Europe (EN) which state that in order for a
product to be compostable the following criteria must be met:

1. Disintegration, the ability to fragment into non-distinguishable pieces and safely support bio-
assimilation and microbial growth;

2. Biodegradation, conversion of carbon to CO2 to the level of 60% over a period of 180 days
(ASTM standard) and 90% in 180 days (EN standard);

3. Safety, that there is no evidence of eco-toxicity in the finished compost and soils can support
plant growth; and

4. Toxicity, that heavy metals concentrations are less than 50% recommended values.

Few products presently meet the compostable standards. However, products may be biodegradable, but in
a slower time frame, or may not be adequately tested to meet the US or European standards. Companies
may also be promoting products which are not truly biodegradable. In Ontario, there is limited use of
biodegradable mulches. Biodegradable mulches are just starting to become available and the cost tends to
be higher than for polyethylene. Testing needs to be done to determine the length of time that the
products will last in the field, how consistent they perform from year to year, to determine their soil
warming effects, and effects on crop maturity, yield and quality.

Testing of sweet corn on clear biodegradable mulches and peppers on black biodegradable mulches at
Agriculture and Agri-Food Canada, Harrow and at Ridgetown College, University of Guelph, Ridgetown,
Ontario has shown that performance of the biodegradable mulches can be similar to polyethylene.
Biodegradable films generally are thinner and therefore, extra care must be exercised when laying the
films to prevent tears and punctures. Weed control must be good under the mulch as weeds will grow
through the biodegradable films rather than being smothered as often occurs under the stronger
polyethylene films.



  
 
 
 
 
 

Plasticulture Strawberries in Northern Climates 
 

Kathleen Demchak 
Penn State University  

102 Tyson Building, University Park, PA  16802 
efz@psu.edu 

 
The strawberry plasticulture system was originally developed for use in California, but was adapted for 
use in the Southeastern U.S. by Barclay Poling at North Carolina State University.  This system utilizes 
raised beds, and plug plants planted in late summer.  Advantages of the system are shorter time from 
establishment to harvest, higher yields, improved fruit quality, easier and  faster harvest, and often a 
higher price obtained for the fruit.  Disadvantages are that the system must be more intensively-managed, 
and initial costs for establishment are higher.  With plasticulture, yields are dependent on the number of 
branch crowns produced by the mother plants, rather than on daughter plants filling in the row, and on a 
sufficiently long period for flower bud initiation in the fall and/or spring.  Chandler is by far the cultivar 
most commonly grown in this system because of its wide adaptation, large fruit size, and excellent flavor 
when harvested ripe. 
  
The "calendar of events" that is currently used by strawberry plasticulture growers in southeastern 
Pennsylvania is as follows: 
 
August: Beds are made and plastic is laid. Trickle irrigation is obviously a must.  Nitrogen is 
incorporated at 60-70 lb/a, with phosphorus, potassium, and lime amounts added as based on a soil test.  
 
Mid-August (zone 6a) to early September (zone 6b):  Plug plants of Chandler are planted.  In the past 3 
years, for an assortment of reasons, availability of plug plants has been delayed, resulting in optimum 
planting dates being missed.  A delay of planting by 2 weeks translates into about a 50% decrease in 
yields.  Growers have tried rooting their own tips, with results varying from being very successful to 
disastrous.  Rooting the tips has been easy - it's the missed pest problems that have been the problem. 
 
September:  The planting is monitored, and irrigated if needed.  Runners that form are removed. 
 
Mid to late October:  Row covers are applied for winter protection.  Popular weights are 0.9 oz/sq.yd. 
and 1.25 oz/sq.yd.  Sprays for spider mites or a fungicide may be applied before covering. 
 
March:  Fertigation units are setup.  Fertigation of nitrogen at 0.5 lb/a/day is needed, with a total of 30-50 
lb/a recommended for the spring.  Timing of fertigation may be based on petiole sap tests, plant growth, 
or experience. 
 
April: If row covers were not already removed (they may be kept on to advance the harvest date), row 
covers are removed at first bloom, and reapplied when needed for frost protection.  Overhead sprinkler 
irrigation is also a must for frost protection, as plants bloom earlier than in matted-row production.  Plants 
may protected with overhead irrigation alone, or overtop the row covers for more severe frost events. 
 
 



Early to late May: Harvest begins.  In warmer climates, plantings are only kept for one harvest year. 
 
Variations on the theme of standard plasticulture have been tried in cooler locations in zones 5b, 6a, and 
6b from Virginia to Ontario.  These have included using dormant plants, moving the planting date earlier 
as you move North, applying fall row covers earlier, using different row covers for winter protection, 
using different cultivars, removing the plastic and switching over to a matted-row for a second harvest 
season (or more), carrying over plantings, and using high tunnels.   
 
Dormant plants: Bare-root dormant plants have been used in plasticulture plantings, using the same 
varieties as for matted-row culture.  Plants are planted in July.  Because it is difficult to plant this type of 
plant through the plastic, it is possible to make the beds, plants the plants, and then lay the plastic overtop 
of the already-planted plants, burning a hole through the plastic where the plants are.  Cultivars other than 
Chandler are used, as Chandler dormant plants have been difficult to find when needed.  While many 
cultivars produce very good quality fruit in this system, and good yields, most (but not all) growers still 
prefer Chandler to almost any other cultivar.  Disadvantages are that runners need to be removed for the 
summer and fall, and there's still almost an entire year to take care of the plants before harvest.   
 
Earlier planting dates of plug plants:  Sometimes this works quite well.  Mid-August planting, for 
example, in cooler areas of PA results in excellent yields.  Some researchers have tried producing plug 
plants even earlier, planting them as early as July, but for some reason as-yet-unexplained, Chandler 
apparently sometimes decides to fruit in the fall of the planting year when this is done.  
 
Early fall row cover application:  In research in North Carolina, applying the row covers for two weeks 
after planting, and then removing them, has increased yields by as much as 40%.  In Pennsylvania, we 
tried applying them in late September, 3-4 weeks earlier than is currently recommended to make up for a 
late planting date (when planting is delayed 2-3 weeks).   This increased yields by 50% when plants were 
planted too late, but this still wasn't as good as just getting the plants in on time.  It also advances harvest 
in the spring, regardless of how early row covers are removed in the spring.  
 
Different row covers for winter protection: Heavier row covers (2.0 oz) have been used in an attempt 
to hold in more heat in research in PA and Ohio.  These heavier covers also decrease light levels. Yields 
have either not been changed, or have been decreased slightly when compared to a lighter cover (1.25 oz).   
It's snowed like crazy in the last two years when research was conducted on this, which is probably 
making light levels under the snow lower than usual to start with. 
 
Different cultivars:  In some areas, Allstar has performed well, as has Ovation, with yields equivalent to 
Chandler.  Another grower favorite is Seneca.  Camarosa is close in yields to Chandler, but it is very  
(too) firm.  Sweet Charlie produces its fruit early, but yields are low.  Gaviota has been low-yielding 
anywhere it's been tried in the North. 
 
Switching to matted-row production:  Some growers pull off the plastic after the first harvest season, 
then let the plants fill in the row on their own.  This seems to work, but hasn't gained widespread 
acceptance.  This may be due to the fact that many of the advantages of plasticulture are lost at this point. 
 
Carrying over plantings:  Carrying over plantings used to be more difficult to do when there were 
nearly no fungicides to control anthracnose, which was frequently a problem during the second year.  
Many growers are carrying over plantings now, especially when they've gotten low yields in the first year 
due to a delayed planting date. 
 
 
 



High tunnels:  Strawberry plants can be grown in a plasticulture system in a tunnel using nearly identical 
cultural methods to those used in the field.  Pllanting can take place a month later, and yields are still 
increased by 25% over field production.  However, this may not be a great enough yield increase to 
justify the cost of the tunnel.  In wet harvest seasons though, growers with tunnels are the only game in 
town.  One main difference of high tunnel production from field production is that the disease and insect 
complexes are very different.  Powdery mildew is likely to be a problem in the fall on strawberry plants in 
high tunnels, as are two-spotted spider mites at any time of the year.  Also, pollinators will probably need 
to be brought in, as the plants will be blooming ahead of almost anything outside of the tunnels.  
Temperature increases in multi-bay tunnels at ground level appear to be somewhat less than in single-bay 
tunnels, probably because they are higher and warm air rises, and advances in the harvest season are less. 
 
Which of these variations will work best depends on where you are.  An "educated guess" is that in colder 
locations with shorter fall seasons, using either dormant plants or high tunnels will be the only way to 
ensure an economically-viable crop with plasticulture.   On sites currently considered marginal, an early 
(mid-August) planting date is probably sufficient, if a plant source can be identified, and carrying over 
plantings will improve returns.   
 
Thanks to the Pennsylvania Vegetable Growers Association for providing the funding for research on 
cultivars and planting dates.  Other research in PA was supported in part by agricultural research funds 
administered by The Pennsylvania Department of Agriculture.




