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Plasticulture Production of Cabbage
Dr. Charles E. Barrett
Institute of Food and Agricultural Sciences,
IFAS/Extension, University of Florida,
Live Oak, FL. cebarrett@ufl.edu

Dr. Lincoln Zotarelli,
Assistant Professor
Horticultural Sciences, University of Florida
1241 Fifield Hall, Gainesville, FL. 32611.
lzota@ufl.edu

Plasticulture cabbage production combines drip irrigation, plastic mulch, and injected liquid fertilizers (fertigation) and allows the use of higher cabbage plant populations. However, plasticulture has not
been widely adopted for commercial fresh-market cabbage production in the United States since information is lacking on practical management and economic feasibility of plasticulture cabbage production.
At the University of Florida, cabbage was grown on 4-ft wide raised beds with black plastic mulch and drip
irrigation. A study was conducted to define the ideal plant population. Cabbage was grown in either three
or four rows with in-row plant spacings ranging from 6 to 14 inches and plant populations ranging from
19,602 to 52,272 plants per acre. As in northeast Florida, the planting season typically begins in September
and ends in December, in-row plant spacings of 12 and 14 inches might be beneficial for early plantings
dates. While for later planting dates, cabbage plant population might be increased by reducing the in-row
plant spacing to 10 inches, especially under favorable weather conditions for cabbage
growth.

Photo: Overview of plasticulture cabbage system in Hastings, Florida. Photo: Lincoln Zotarelli.
An economic analysis was performed for cabbage grown under plasticulture. The pre-harvest cost
per acre for the plasticulture system ($4726/acre) was significantly higher than the cost for the traditional
bare-ground with subsurface irrigation (seepage system, $3035/acre). However, the plasticulture system
resulted in a significant increase in marketable yields when compared to the bare-ground system. Resulting
increase in revenue offset the increase in the pre-harvest costs and assured a positive net return on investment over the whole range market prices. An additional study compared yield and profit of bare ground
and high population plasticulture production systems using stochastically simulated weather paramaters.
Although, the plasticulture system was estimated to have a 36% higher cost than the bare-ground system,
mean profit for plasticulture was 57% higher. This is in large part because the simulated mean yield for the
bare ground system was 265 cwt/acre compared to 485 cwt/acre for the plasticulture system.

Trapping Swede Midge in Michigan
Ben Phillips, MSU Extension
One Tuscola St, Suite 100A
Saginaw, MI 48607
989.758.2502, phill406@msu.edu

Background
Swede midge, Contarinia nasturtii (Kieffer) (Diptera: Cecidomyiidae), is a new invasive pest in
Michigan; its presence was first confirmed in the state in 2015, in commercial cole crops farms
on the East side of the state.
Origin. Native to Europe and southwestern Asia, Swede midge was identified in North America
in 2000, when it was first discovered in Ontario, Canada (Hallett and Heal, 2001). The first U.S.
detection was in Niagara County, New York in 2004 (Kikkert et al. 2006). Since then it has
spread to at least seven states and six Canadian provinces (Chen et al. 2011). In places where this
insect has established, their populations have not been successfully eradicated. It is likely that
populations remain at low levels for a number of years before becoming a major production
problem.
Biology. The swede midge adult is about 2 mm in length, with hairy wings and a light-brown or
orange body. They have 3-5 generations from May to October, with each generation taking 21-44
days to develop depending on temperature. They emerge from overwintering pupae in May, and
fly for 1-5 days looking for mates and host plants. Once mated, the female targets the youngest
growing tissue and lays up to a total of 100 eggs in clutch sizes of 2-50 eggs. Young larvae hatch
within 3-5 days, grow up to 3-4 mm long, and range from transparent to yellow in color. They
communally feed for 2-3 weeks, before “jumping” from the plant to pupate in the soil for ~2
weeks. They pupate in the top 1 inch of soil, but if buried below 2 inches, their pupae can persist
for 2 years until tillage brings them back to a favorable depth (Chen & Shelton 2007).
Host plants and damage. Host plants include cultivated and non-cultivated brassica plants
including broccoli, cabbage, cauliflower, Brussels sprouts, kale, collards, rutabagas, radishes,
horseradish, turnips, canola, wild mustard, shepherd’s purse, stinkweed, field peppergrass, and
yellow rocket. Larvae feed on leaf bases and flower buds emerging from the growing tip of the
plant by secreting digestive fluids that break down the waxy plant cuticle. This results in twisting,
curling, crinkling, and drawstring damage to leaves, and swollen leaf stems where they meet the
main stalk (Figure 1). A study from Cornell found that swede midge overwhelmingly preferred
cauliflower over 12 brassica weed species (Chen et. al 2009). The cole crops most susceptible to
economic damage are the heading types, with broccoli and cauliflower susceptible at all stages.
These heading cole crops can become “blind” if feeding occurs before button stage, leaving only
a brown scar in place of the head, sometimes creating a multi-stemmed plant. The rapidly
expanding new tissue in broccoli and cauliflower florets is another egg-laying target, and can lead
to misshapen, partially-filled heads, with brown scarring throughout.
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Figure 1. Damage caused by swede midge larvae. The growing point is killed,
causing central stem/leaves to bunch and curl. Notice brown scarring where heads
and stalks split, and secondary infections appear.

Management options
Insecticides. In conventional agricultural production swede midges can be managed in the field
with several types of pyrethroid foliar sprays, soil drenches and seed treatments of
neonicotinoids, although when populations are high with overlapping generations, none of these
methods are effective (Wu et al. 2006, Hallett et al. 2009). In organic production pyrethrin,
Beauvaria bassiana, azadirachtin and spinosad offered the greatest potential for swede midge
management, if applied when egg laying is ongoing (Evans and Hallett, 2016). In general, foliar
sprays are less effective when larval populations are established, since contact insecticides are
difficult to deliver to deformed, curled areas of the leaf where larval feeding is occurring.
Monitoring. Pheromone lures are available for monitoring swede midge males (Hillbur et al.,
2005) and can be used in traps to time insecticide applications in cabbage, however this threshold
did not work to protect broccoli (Hallett and Sears, 2013). The pheromone is considered species
specific, therefore less processing time is needed to identify the flies caught in these traps (Hallett
et al. 2007). For cabbage, an action threshold of 5-10 males per trap per day is recommended
(with monitoring every 2-4 days). For broccoli, in regions of low swede midge populations, a
threshold of 1 male per trap per day is recommended. For broccoli in areas with high swede
midge populations, using thresholds has not been more effective than weekly calendar sprays.
Biocontrol. Despite the fact that there are two species of swede midge parasitoids known from
Europe (Abram, 2012), mortality due to parasitoids is not likely to occur in our state since it is a
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relatively new invader in Michigan. The two European parasitoid species are not considered
targets for classical biological control because they are not host specific (Abram, 2012).
Ladybeetles can feed on swede midge larvae, but this has only been verified in the laboratory
(Corlay et al. 2007). In addition, other predators, such as dolichopodid flies can prey on adult
swede midges (Goodfellow, 2005). Entomopathogenic nematodes (Metarhizium brunneum) can
suppress adult emergence, although these effects were not consistent in field trials (Evans et al.
2015).
Host plant resistance. Differences in host plant suitability were observed among several cultivars
of cabbage, broccoli, and leafy greens, with species in the Brassica genus generally more
susceptible than plants in other genera in this plant family (Hallett, 2007).
Cultural control. Swede midges pupate in the top 1cm of soil, therefore >5cm soil cover can
reduce and delay emergence of adults, nevertheless tillage did not reduce emergence in a field
trial (Chen et al., 2011) In addition, extreme dry or wet soil conditions significantly hindered
swede midge emergence (Chen and Shelton, 2007). Crop rotation (rotating away from crucifers
for 1-2 yrs) is a successful way to control swede midges, but the effectiveness of this strategy can
be diminished by the presence of cruciferous weeds (Chen et al., 2009). Mesh barriers can
prevent swede midge colonization of those fields where crucifers have not been grown previously
(Wyss and Daniel, 2004). In general, early-planted crops experience less damage from swede
midge than late planted crop, therefore manipulating planting date can be another way to reduce
damage (Chen et al., 2011).

Potential Impact
Michigan produces close to 80 million pounds of cabbage worth over $10 million annually
(Anon., 2014). USDA statistics for Michigan for broccoli, cauliflower, and some other cole crops
are not available, but the potential economic losses due to swede midge are even greater in the
state when adding these other crops. Crop losses due to swede midge were as much as 85% in
Canada (Hallett and Heal, 2001), 100% in Europe (Chen et al., 2011) and, the Michigan farm
where swede midge was first discovered in 2015 did not harvest the crop because of 100% loss
due to swede midges. In addition, this grower is considering not growing cole crops in the near
future due to swede midges. Crucifers in the northeastern United States exceed $100 million
annually and the entire region is predicted to be suitable for swede midge colonization (Chen et
al., 2011), therefore this research is important to the entire North Central Region.
Typically, invasive insects exert greater economic losses at the invasion front, soon after
establishment and initial population growth; this is thought to occur partly due to a release from
their natural enemies, which have not yet caught up to them. Therefore we expect that growers
will experience greater losses soon after swede midge establishment than later on once biological
control agents have started consuming them. This means that growers now need more help with
identifying this problem because its new and unfamiliar to them, and they also face greater pest
pressure in the initial years.
Work since the swede midge discovery in 2015 and 2016
In the 2016 growing season, through a 1-year grant funded by Michigan State University’s AgBio
Institute (Project GREEEN) we set up a monitoring network of pheromone traps across the
southern half of Michigan’s Lower Peninsula (Figure 2). The traps were placed at 17
conventional (n=10) and organic (n=7) farms, which produced cole crops throughout the entire
growing season. Traps were checked weekly and we verified the presence of swede midges using
their DNA (Frey et al. 2004) for all insects that looked similar morphologically under the
microscope. Unfortunately, after the end of the growing season, the company that supplied the
pheromone lures informed us that they made a mistake when formulating the pheromone;
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therefore they expected them not to work well, if at all. We noticed during the season that
something was not right, because of the low number of insects captured in the traps despite
obvious damage symptoms. Nevertheless, we captured a total of 59 swede midges during the
2016 season, which were confirmed by PCR using their DNA (Figure 3), with a spike in catch in
late July and early August. All of our organic farms and 66% of the conventional farms had
confirmed swede midges. Although swede midge was first discovered in Michigan on the east
side of the state (Thumb area), we found that they were spread throughout our sampling range,
including at some of the southwestern farms.
One positive thing that came out of the pheromone lure debacle is that we extracted the
DNA of each insect that looked like a swede midge from our traps to make sure that what we
found was indeed a swede midge. We went further and sequenced the PCR products for many of
these specimens; therefore we now have our own sequence data ready to be used for designing
real-time PCR primers.

2016 Swede Midge Trapping Loca&ons
Conven&onal
Organic

In addition to the research
activities, we used several channels
of communication to get the
information about swede midges out
to growers. Ben Phillips organized a
swede midge session at the 2015
Great Lakes Expo, Grand Rapids,
MI, where Anthony Shelton from
Cornell University was the invited
speaker and he gave presentations
about the biology and management of
swede midges. Ben published an

Total number of swede
midges in 48 traps

Figure 2. Michigan’s Lower Peninsula with swede midge trapping sites in 2016. Blue (conventional farms) and
green (organic farms) dots denote locations of farms where 3 pheromone traps were placed and checked weekly
throughout the season.
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Figure 3. The total number of swede midges collected in 48
traps at 17 cole crop farms in Michigan during the 2016
growing season.
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article in the Vegetable Growers News on swede midges (Oct. 13, 2015); he also produced a
swede midge fact sheet that was published on the web at MSU Extension News (Oct. 12, 2015).
We talked to growers at four extension meetings in January, March, July and September 2016
about swede midges. Zsofia Szendrei also gave an interview to Michigan Radio (NPR, Stateside
program) about swede midges.
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Expanding Eastern Broccoli Production Based on New Hybrids Adapted to the Climate
Thomas Björkman
Section of Horticulture, Cornell University
Geneva, NY
Email: tnb1@ cornell.edu , Website: easternbroccoli.org
The Eastern Broccoli project consists of faculty from nine universities and dozens of businesses that are
collaborating closely. Our vision is to create a regional food network for an increasingly important and
nutritious vegetable that may serve as a model network for other specialty crops. Our assembled team of
breeders, production specialists, and market developers have the breeding stocks and the expertise to
develop an Eastern broccoli industry with an annual volume of $100 million by 2020.
The project seeks to meet these major goals:
• Breed broccoli adapted to the East. Western varieties are not reliable here.
• Develop distribution capacity for the “missing middle” so mid-sized farms have access to larger
markets. The infrastructure is expensive, and the quality, volume and service demands are high.
• Enable grower to meet the new food safety requirements that profoundly change handling and
equipment expectations.
• Meet the demand from eastern consumers for fresh, regional broccoli.
• Create more economic opportunity in distressed parts on the East.
Varieties
The Eastern Broccoli Project has been breeding varieties that are more tolerant of Eastern growing
conditions, particularly resilience to the warm nights of summer. Broccoli needs cool nights for the heads
to develop uniformly, and the nights in the Eastern growing season are frequently too warm.
Some of the first varieties out of that pipeline are available commercially
Burney DuraPak16 BC1691
BC1794
Lieutenant
In addition, we have found that Imperial and Bay Meadows are among the most resilient varieties in the
East.
The project is developing new hybrids with stronger adaptation that will come on the market over the next
five years. The incremental improvement in adaptation should allow a longer summer harvest period.
These varieties are worth testing in plantings for harvest in late August and early September. By late
September through October, more varieties work. With each new variety, it is worth discussing whether it
meets the buyer’s requirements. The variation in appearance is subtle to all but the most discriminating
eye, but that eye belongs to the buyer.
Market requirements
Before committing to broccoli production, it is essential to know the buyer’s exact specifications and that
you can meet them at the anticipated price. These specifications vary widely, and the spot market for
rejected broccoli is not good.
Plant population
More buyers specify crown cut broccoli with a smaller head diameter than many eastern growers are
accustomed to. Our yield trials aim for heads of 4 ½ to 5 ¼ inch diameter. Producing heads that size
requires a closer spacing than farmstand (7”) or dinner plate (10”) sizes that small growers often raise. A
bunch cut (4-4 ½ inch head) is optimally raised with an even higher population. As a rule of thumb, a
broccoli population should be twice as high as cabbage and three times as high as cauliflower. Our

economic analyses have shown substantially more profit if the population is matched with a field’s
potential. On highly productive soils these populations are 30,000 to 40,000 plants per acre in solid
plantings and about 25,000 on raised beds.
Crop budget
Crop budgets for six states, including market-leading California had widely varying component costs, but
the final production cost was remarkably close in all the production areas. The component that varied the
most, from $1 to $4, was cooling the crop. Retaining the quality of a local product requires getting the
field heat out within a few hours, and storing at 32°. The cost is lowest when the cooling technology
matches the production scale. If that is done, the economy of scale is relatively small. The most expensive
technologies were those requiring large amounts of ice. Cooling with water, or refrigeration and modest
amounts of ice was cheaper. Ice is traditional and has low startup cost, making it a common starting
technology.
We conclude that Eastern producers can be competitive with other regions, if they take advantage of their
potentially low transportation cost by using the most cost-effective cooling technology and efficient
distribution logistics.
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Maximum Weed Control
in Cole Crops Using all
Available Options
Bernard Zandstra
Michigan State University
Great Lakes Fruit and Veg EXPO
Grand Rapids, MI
December 7, 2016

Preemergence Herbicides Labeled for
Broccoli, Cabbage, and Cauliflower
Herbicide
Trade name
Prowl H2O

Mode of Action

WSSA (HRAC)

Mitosis inhibitor

3 (K1)

Treflan

Mitosis inhibitor

3 (K1)

Command
GoalTender

Pigment inhibitor
PPO inhibitor

13 (F3)
14 (E)

Spartan

PPO inhibitor

14 (E)

Devrinol

VLCFA inhibitor

15 (K3)

Dual Magnum

VLCFA inhibitor

15 (K3)

Postemergence Herbicides Labeled
for Cole Crops
Herbicide
Trade name
Poast

Mode of Action

WSSA (HRAC)

ACCase inhibitor

1 (A)

Select Max

ACCase inhibitor

1 (A)

GoalTender
Stinger

PPO inhibitor
Synthetic auxin

14 (E)
4 (O)

Preemergence Herbicides
for Cole Crop Production

Herbicide

Herbicide

Rate, per
Acre

Comments

Prowl H2O

1 – 2.1 pt

(pendi‐
methalin)

(0.475 – 0.5
lb ai)

May stunt plants and
cause S‐shaped stems.
Apply to area
between rows.
Do not use below 60
F.

Rate, per
Comments
Acre
Treflan
1 – 2 pt
PPI; stunts plants if soil
(trifluralin) (0.5 – 1 lb ai) temperature <60 F.
Fair ‐ Good control of
annual grasses,
pigweeds.
Fair control of common
lambsquarters, common
purslane.
No control of nutsedge,
composites, mustards.
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Herbicide

Rate, per
Acre

Command

0.7 – 1.3
pt
(clomazone) (0.25 – 0.5
lb ai)

Herbicide
Spartan
(sulfen‐
trazone)

Herbicide

Comments

Herbicide

Cabbage only.
Apply before
transplanting.
May cause bleaching.
Controls velvetleaf,
annual grasses, common
purslane, ragweed.
Do not apply within 1200
ft of dwellings, fruit trees,
greenhouses, or
nurseries.

Rate, per Acre
2.25 – 6 fl. oz.
(0.07 – 0.188
lb ai)

Rate,
per Acre
Dual Magnum 0.5 – 1.3 pt
(S‐metolachlor) (0.48 – 1.2
lb ai)
24(c)
indemnified
label

Comments
Processing cabbage
only.
Improves grass
control.
Controls common
lambsquarters,
common purslane,
nightshades, and
pigweeds.

Rate, per
Acre
GoalTender 0.5 – 1 pt
(oxyfluorfen) (0.25 – 0.5
lb ai)

Herbicide

Rate, per
Acre
Devrinol XT
2 lb
(napropamide) (1 lb ai)

Comments
Apply to soil before
transplanting.
Do not apply after
transplanting.
Use with Treflan or
Devrinol XT.
Do not use with Dual
Magnum.

Comments
Apply before or after
transplanting.
May be incorporated or
watered in.
Controls annual grasses,
purslane, pigweeds.
New formulation lasts
4‐6 weeks.
No stunting of
transplants below 60 F.

Comments
Apply before or after
transplanting.
Use low rate on sand.
Controls annual grasses,
nightshades, pigweeds,
nutsedge.
May stunt plants in cool
weather.
Post‐transplant applications
may cause foliar burn.
Do not apply with other
herbicides post‐transplant.
Do not use with GoalTender.

Postemergence Herbicides
for Cole Crop Production
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Herbicide
Rate, per Acre
Poast
1 – 1.5 pt
(sethoxydim) (0.19 – 0.28
lb ai)
Select Max
(clethodim)

9 – 16 fl. oz.
(0.068 – 0.12
lb ai)

Herbicide Rate, per Acre
Stinger
4 – 8 fl. oz.
(clopyralid) (0.094 – 0.188
lb ai)

Comments
Annual grass control.
Grass dies slowly and
may be present for 2‐
3 weeks after
application.
30 day PHI.

Comments
All Brassica crops.
Controls composite
weeds (ragweed,
pineappleweed,
horseweed), legumes,
nightshades, and
smartweeds.
30 day PHI.

Herbicide
Rate, per Acre
GoalTender 4 – 8 fl. oz.
(oxyfluorfen) (0.125 – 0.25
lb ai)

Bicyclopyrone for Weed
Control in Cole Crops
Treatment
6/2

Treatment
6/2

Rate
lb ai/A

Visual Rating, 6/26

Visual Rating, 6/26
Yield, kg/plot
Broccoli Cabbage Broccoli Cabbage
2.3

1.7

6.3*

bicyclopyrone 0.045 PRT

3.3*

2.7*

6.2*

26
27

bicyclopyrone 0.033 POT
bicyclopyrone 0.045 POT

2.7*
4.0*

2.3*
3.7*

6.9
5.9*

26
23

bicyclopyrone 0.033 POST

2.7*

3.0*

8.8

29

bicyclopyrone 0.045 POST

3.3*

3.3*

9.0

26

1

1

8.6

26

A Field Weed Control Program
for Cole Crops

Yield, kg/plot

Broccoli Cabbage Broccoli Cabbage

Zidua
Zidua

0.133 PRT
0.133 POT

3.3*
4.7*

4*
4.3*

7.1
5.4*

21*
16*

Zidua

0.267 PRT

5.7*

6*

3.5*

10*

1

1

8.6

26

untreated

Rate
lb ai/A

bicyclopyrone 0.033 PRT

untreated

Zidua for Weed Control
in Cole Crops

Comments
Broccoli, cauliflower,
cabbage.
Do not add
surfactant.
Controls many
broadleaves.
Weak on mustards
and smartweed.
Apply to small weeds.
35 day PHI.

1. Work the soil twice before transplanting.
2. Before final tillage, apply Treflan or Devrinol
and incorporate.
3. Apply GoalTender to the soil surface.
4. Transplant crops.
5. 3 – 6 weeks after transplanting, apply
GoalTender or Stinger for broadleaf control.
6. Apply postemergence grass herbicides as
needed.
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Alternative Weed Control
Programs
1. Dual Magnum before or after transplanting for
nightshade and nutsedge control.
2. Prowl H2O directed between rows.
3. Command in cabbage for control of grasses,
common lambsquarters, velvetleaf, ragweed.
4. Spartan in processing cabbage for control of
common lambsquarters, nightshade, pigweed,
nutsedge.

Cultivation
1. 4 – 6 weeks after transplanting, cultivate the
field and side-dress with 50 lb nitrogen.
2. Disk the field soon after harvest is complete to
kill weeds.
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Summary – Cole Crops
1. Use 2 preemergence herbicides.
2. GoalTender before transplanting will control
mustards and wild radish.
3. Command gives some control of mustards and
composites.
4. Use Dual Magnum to control nightshade and
nutsedge. Do not apply with GoalTender.

Web Resources
 www.farmassist.com
- indemnified labels
 www.cdms.net
- labels
 http://www.hrt.msu.edu/people/dr_bernard_zandstra
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