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ABSTRACT

Striped cucumber beetles (Acalymma vittata F.) are a serious pest of cucurbits,
particularly on organic farms. These pests are the vector and overwintering host for
bacterial wilt (Erwinia tracheiphila), which kills plants and can render cucumbers,
melons and other produce unmarketable. During field research in 2009, row covers,
compost tea and reflective mulch were compared on a commercial organic farm in
Ottawa County, Michigan. I collected data on plant growth, incidence of bacterial wilt
(Erwinia tracheiphila), marketable and unmarketable yields and profits. I found that row
covers led to significant increases in plant growth, significant increases in marketable
yield during the second harvest week (21-24 July 2009) and an increase in profits of
$98.09 per 30.5 m (100 ft.) row as compared to controls. This would translate to 9062
more cucumbers per acre. Trends in the data also suggest that compost tea decreased
bacterial wilt and the number of unmarketable cucumbers, but profits decreased due to
high labor and supply costs. Reflective mulch reduced disease more than any other
treatment, but lowered profits. Emergence of second-generation adult beetles coincided
closely with recently-developed predictions of degree day development in this species.
We recommend row covers to organic farmers as a first line of defense for striped
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cucumber beetles, but also for increased yields and profits. This study also offers field
data to confirm estimates of degree day development in striped cucumber beetles.

KEY WORDS Acalymma vittata, Erwinia tracheiphila, Cucumis sativus, row covers,
compost tea, reflective mulch
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CHAPTER I

LITERATURE REVIEW

Striped cucumber beetle management
Striped cucumber beetles (Acalymma vittata F.,Coleoptera: Chrysomelidae) are
ranked by organic growers nationwide as their most common and destructive pest
problem (Walz 1999). This pest is the primary target for up to 10 annual insecticide
applications on conventional farms, contributing to 35 confirmed pesticide residues on
cucumbers (Hutchison 1994; Hollingsworth et al.
1998; Punzi et al. 2005). Organic farming can
displace such chemical use, often while increasing
farm profits. The $28.6 billion organic food and
agriculture industry grew at 8% in 2010 and now
represents 4% of retail food sales in the U.S.
(Organic Trade Association 2011). Continued
expansion of these environmental and economic
benefits will hinge upon creative solutions to pest

Figure 1.1 Striped cucumber
beetle (Burkness &
Hutchinson, U. Minnesota
http://www.vegedge.umn.edu/
vegpest/CUCS/cucb.jpg)

problems such as the striped cucumber beetle.
Furthermore, less-toxic options for controlling striped cucumber beetles and other pests
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can be used in conventional agriculture when they are shown to be more effective or less
costly than chemical controls.

Life cycle and ecology
Striped cucumber beetles are the most damaging pest of cucurbit crops in
Michigan, the Northeast and the Midwest (Grafius & Hooplingarner 1993; Latin 1993).
High beetle populations defoliate young crops and transmit bacterial wilt (Erwinia
tracheiphila, Enterobacteriales: Enterobacteriaceae), the most destructive disease of
cucumbers and muskmelons in the Midwest (Brust 1997c). This disease has no remedy
and can quickly kill plants and render fruits unmarketable. Host plants for striped
cucumber beetles include wild cucurbits in the Southwest and Mexico, as well as their
cultivated counterparts, cucumbers (Cucumis sativa), melons (Cucumis melo, Citrullus
lanatus), summer squash (Cucurbita pepo) and pumpkins and winter squash (Cucurbita
moschata, C. maxima, C. pepo). Related species of diabrotica beetles include the spotted
cucumber beetle/corn rootworm (Diabrotica undecimpunctata d. howardii) and the
Western spotted cucumber beetle (Diabrotica undecimpunctata undecimpunctata) all of
which share status as pests of agricultural importance that are challenging to control.
The life cycle of striped cucumber beetles enables heavy feeding on cotyledon
leaves and foliage, stem breakage, damage to fruits and minor damage to roots and
flowers. In Michigan, the beetles have one generation per year with overwintering
populations typically peaking in late July and second-generation beetle population
peaking in early September (Bach 1980). Overwintered adults emerge from field edges
at 12 ⁰C (54 ⁰F) (Radin & Drummond 1994). Subsequent development follows a degree-
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day model with 13 ⁰C as a base temperature and 434 degree days required for emergence
of second generation adult beetles (Ellers-Kirk & Fleischer 2006). In early spring,
colonizing adults feed heavily on the young plants in their most vulnerable stage and
mate. After a pre-oviposition period of 8 days, female beetles begin to lay eggs in soil
near cucurbit crops (Ellers-Kirk & Fleischer 2006). Larvae typically emerge from eggs
after 70 degree days (Ellers-Kirk & Fleischer 2006). The larvae feed solely on cucurbit
roots for 308 degree days with little impact on yield or root mass (Ellers-Kirk & Fleischer
2006; Hladun & Adler 2009). Nonetheless, larval feeding may increase fusarium wilt
incidence, while stress from feeding reduces powdery mildew incidence (Ellers-Kirk &
Fleisher 2006; Hladun & Adler 2009). After 91 degree days as pupae, emergence of
adult beetles marks the second peak in population. This generation will enter a dormant
state through the winter to begin the cycle anew the following year.

Cucurbitacins and other induced phytochemicals
Striped cucumber beetles are adapted to feeding on bitter cucurbitacins and are
attracted to volatile chemicals produced by cucurbits. For this reason, controlling striped
cucumber beetles and other diabrotica beetles is challenging due to their unique niche in
agricultural ecosystems.. This interaction is a classic example of coevolution of a
kairomone, a chemical that harms its producer and benefits another organism. Within
just 40 minutes of leaf damage or in response to disease or poor plant health, cucurbits
produce extremely bitter cucurbitacin compounds that prevent continued feeding by most
herbivores (Carroll & Hoffman 1980; DaCosta 1971). However, cucumber beetles cease
movement, begin compulsively feeding and the males release aggregation pheromones in
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a feedback loop that increases beetle populations and damage over time. This process
can begin with just 1ng of some cucurbitacins (Metcalf et al. 1980). In turn, cucurbitacin
levels can protect beetles from parasites, such as the tachinid fly (Celatoria compressa),
mantids and some nematodes (Gamez-Virues & Eben 2005). Under these positive
feedback loops, beetle populations can grow from zero to approximately 24,000
beetles/hectare in just 10 days (Hoffmann et al. 2003).
Non-bitter varieties lacking cucurbitacins, such as Marketmore 97, Tyria or
Holland Hothouse incur 67% less damage on true leaves, although cotyledons suffer
greater damage, due to a separate chemical attractant (McGuire & Agrawal 2005).
Further studies are needed to address impacts on yields and disease in non-bitter types.
Conversely, cucumbers and C. maxima (such as blue Hubbard or buttercup squash) were
preferred in free-choice feeding studies because of their high cucurbitacin content and
can thus be used as trap crops (Howe et al. 1972).
Herbivory damage induces production of other phytochemicals with mixed
effects. Floral terpenoids attract heavier beetle feeding and lower resistence to disease,
while phenolics have the opposite effects and peroxidase increases disease resistance
(Moran 1998 and 2001; Metcalf et al. 1980). Floral terpenoids and peroxidase can be
used to bait traps in a mixture called TIC attractant (trimethoxybenzene, indole, and
trans-cinnamaldehyde) or as found naturally in cinnamon and clove oils (Theis et al.
2009; Metcalf et al. 1980; Diver & Hinman 2008; Hoffmann 1994). Phenolics are the
only allelochemicals known to successfully inhibit feeding in this beetle (Metcalf et al.
1980).
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Induction of phytochemicals has broader impacts than those associated with pest
insects. Chemical induction can have high energy costs for any plant, but these may be
of particular importance in agricultural crops. Physical damage to Cucurbita texana that
caused cucurbitacin induction changed plant growth, including 29% less pollen, lower
pollen viability and a 50% and 14% reduction in pistillate and staminate flowers,
respectively (Quesada et al. 1995). The blend of positive and negative feedback loops
associated with cucurbitacin induction and other phytochemicals may account for the
difficulty in showing significant results when working with this dynamic insect-plant
relationship.

Agricultural Impacts
Cucumbers are a major Michigan crop, with 35,000 acres dedicated to growing
processing pickles and slicing cucumbers worth $50 million in 2007 (MDA/USDA
2008). Sale prices vary considerably depending on earliness, quality and grade. Produce
brokers set standards for produce. Organic Valley Cooperative (2012), for example,
requires that cucumbers be 2" - 2-3/8" in diameter and 7" - 9" long. Farmer’s market
standards may be less rigid, but malformed fruit or those with visible pest damage are
difficult to sell to any buyer at any price.
Striped cucumber beetles can do the greatest damage when host crops are small,
with only cotyledon leaves or a few true leaves. When larger, plants are less affected by
herbivory, even without the factor of disease transmission. Yield is impacted even where
healthy controls were culled when paired to inoculated plants that died to test for “sublethal” effects of bacterial wilt infection (Hoffmann et al. 2000). Yield impacts require a
5

one-time defoliation of each leaf of over 20% in winter squash or 80% defoliation of
pumpkins (Hoffmann et al. 2000). However, in conjunction with drought or other stress
factors, less severe defoliation may affect yield and crops such as cucumber may be less
resilient under herbivory pressure (Diver & Hinman 2008). Furthermore, where squash
bugs (Anasa tristis) are also present, pest exclusion until first flower may not benefit
yield, because this pest can cause severe damage even late in the season.

Bacterial Wilt
The agricultural impacts of striped cucumber beetles are inextricably linked to the
damage caused by bacterial wilt (Erwinia tracheiphila), which is vectored by these pests.
Bacterial wilt is the most destructive disease in cucumbers and muskmelons in the
Midwest and striped cucumber beetles are the primary vector and overwintering host
(Brust, 1997c). E. tracheiphila bacteria enter the vascular system of cucurbits and block
flow of xylem 10-14 days after contact with infected mouthparts or frass (Raupach &
Kloepper 1998; Yao et al. 1996). Unfortunately, there is no method to mitigate the
impacts of the disease, except to control beetle populations and thus to prevent infection.
Early in the season, relatively few overwintered adults retain viable E.
tracheiphila, though the plants are most susceptible at this time. As the season
progresses, infectivity rates in beetles climb and the susceptibility of plants lessens.
Although 7.1-10.7% of overwintered adults carry bacterial wilt pathogens early in the
season, only 0-2% of plants will be infected under feeding by a single beetle in May or
June (Fleischer et al. 1999; Brust, 1997a; Mitchell & Hanks 2009). Higher beetle
densities can change this dynamic greatly, as shown by Brust & Foster (1999), who found
6

that caging five beetles per plant can lead to an 8% infection rate. Later in the season,
39-78% of beetles act as carriers and solitary feeding will infect 4-11% of young plants,
but rarely are cucurbits in this young, vulnerable state at that time of year (Fleischer et al.
1999; Brust, 1997a). Nonetheless, Brust, (1997a) has collected unpublished data that
90% of bacterial wilt infections in southwest Indiana occurred before June 5. This is
likely because cucurbit plants have resistence later in the season. Pumpkin plants
infected at the second true leaf stage and later showed 100% recovery from bacterial wilt
signs after 2 weeks (Brust, 1997b). No research on infection times in more disease-prone
crops, like muskmelons or cucumbers are available at this time.

Measuring Agricultural Impacts
Economic thresholds are used by farmers to determine the point at which pest
control is economically beneficial. Economic thresholds for striped cucumber beetles
have been set far below typical rates in organic systems and at uneconomic levels for
conventional farmers, who are spraying insecticides up to 8-10 times per season to
maintain beetle pressure below 5 beetles per 50 plants (Hutchison 1994). Brust & Foster
(1999) proposed increasing Hutchinson’s threshold by an order of magnitude, to 1 beetle
per plant, reducing annual spraying to 2-4 times. This threshold of 1 beetle/plant is the
most commonly cited in scientific literature and in pest control guides for farmers and
gardeners.
Treatment thresholds are most commonly set by insect populations, but
quantifying herbivory damage to plants may be a viable alternative. Burkness and
Hutchinson (1998) recommend an action threshold of 25% defoliation levels in mature
7

plants or 10-15% defoliation for young plants. Hazzard et al. (2002) offered a threshold
based on 20% fresh defoliation, equivalent to approximately 1 – 2 beetles per plant. A
study in pumpkins showed that a foliar feeding damage threshold of 60% on cotyledons
through third leaf had little effect on yield, but complications from disease transmission
were not studied and would likely trump these results (Hoffmann et. al. 2003). Even
where bacterial wilt is a factor, feeding of up to 40% after the fourth leaf stage in
pumpkins was recommended as a threshold for insecticide use (Brust, 1997b).
Nonetheless, quantifying herbivory damage may be more labor-intensive than trapping
beetles, which could be a barrier to adoption by farmers.
Damage levels found on organic farms may differ from those on conventional
farms for several reasons. Organic systems have double the A. vittata larval survival rate
of conventional farms, even where no pesticides were directed at the larvae (Ellers-Kirk
et al. 2000). This is likely due to the presence of herbicides and/or conventional
fertilizers in the soil. Furthermore, organic farms have a reduced toolkit for controlling
the adults, which can lead to populations growing exponentially (Hoffmann et al. 2000).
Conversely, organic fertilizers such as vermicompost may significantly decrease levels of
beetle damage compared to equivalent applications of inorganic N-P-K fertilizers, due to
lower nitrate (NO3) levels in the crops (Yardim et al. 2006; Williams 2002). Lastly, the
plantings on many organic farms are smaller, with a greater number of varieties and more
varied bordering crops, which has been shown to reduce beetle populations and residence
times (Bach 1980; Cline et al. 2008; Platt et al. 1999).
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Organic Control Methods
Organic farms in Michigan use a diverse array of different treatments for striped
cucumber beetles, some no doubt more effective than others. These management
strategies include: (1) exclusion by row covers, mesh covers or plastic mulch; (2) efforts
to bolster plant health and resistence, including foliar fertilization with compost tea; (3)
trap cropping or intercropping with Hubbard squash, nasturtiums, etc.; (4) biological
controls such as predatory nematodes; and (5) botanical sprays such as pyrethrin or neem.
Unfortunately, few comparative studies of these treatments have been published and only
recently have researchers begun to account for farmer costs (see Cavanaugh et al. 2009;
Nordell & Nordell 2010; Rojas et al. 2011).

Exclusion
Row covers and plastic mulches are commonly used on organic and conventional
farms for season extension and pest control. Row covers increase weed growth if no
plastic mulch is used, requiring labor hours for row cover removal, weeding and
replacing the row cover. More often, row covers are used in conjunction with plastic
mulch and drip irrigation, which eliminates this problem.
For bee-pollinated crops and almost all cucurbits, the row covers must be pulled
away at the start of flowering or bees must be placed under the covers. While beetle
populations after row cover removal may equal those of unprotected crops, yields have
been shown to be higher where early protection reduced beetle populations at the critical
early growth phase (Cline et al. 2008; Adams et al. 1990; Rojas et al. 2011). One option
to extend the period of pest exclusion is to open row cover ends to reduce beetle access,
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while bees are still likely to locate and pollinate the flowers (Rojas et al. 2011).
Parthenocarpic cucumber varieties which require no pollination can be covered until first
harvest, as no pollination is required for fruit set. A final option is to use larger
exclosures that allow access for harvesting throughout the season, although bees or handpollination would be required if a non-parthenocarpic variety is grown (Nordell &
Nordell 2010).
In addition to the effects on cucumber beetles, row covers create a microclimate
that often leads to earlier bloom times and larger first harvests. Row covers increase
early season yields by creating a warmer microclimate, which has been shown to
significantly increase leaf and vine growth, biomass, number of flowers and marketable
yields of cucumber and melon and can reduce diseases vectored by insects (Nair &
Ngouajio 2010; Walters 2003). Higher temperatures under row covers also accelerate
maturity of winter squash by about 5 days, which can increase yields and profits due to
price premiums in the early season (Rulevich et al. 2003; Waterer 1993). Conversely,
several studies showed decreased fruit production early in the season where pests and/or
disease were not a factor, perhaps due to extremely high temperatures in regions with
high ambient temperatures (Adams et al. 1990; Rojas et al. 2011).
Plastic mulch deters female beetles from egg-deposition sites, decreases larval
survival and speeds plant growth by increasing soil temperatures 4 ⁰C (7 ⁰F) above bare
soil (Hummel et al. 2002). Striped cucumber beetle eggs develop more quickly in
warmer soils under plastic mulch up to a 32 ⁰C (90 ⁰F) threshold, but no larvae emerge
from eggs heated above 35 ⁰C (95 ⁰F) (Necibi et al. 1992; Ellers-Kirk & Fleischer 2006).
Since plastic mulch is a common weed-control strategy known to increase early season
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growth and overall yield, many organic and conventional farmers have equipment, knowhow and further incentive to use this strategy. Yield benefits of raising soil temperatures
decrease in warmer climates and may become less beneficial in regions where
temperatures are elevated by climate change.
Reflective mulch (Clarke Ag. Plastics, Greenwood, VA) interferes with host-plant
recognition in striped cucumber beetles. This can maintain pest levels below the 1 beetle
per plant threshold, but yield impacts vary from no impact up to a 66% increase in yields
(Andino & Motsenbocker 2004; Cline et al. 2008). Reflective mulch shows varied
impacts on different crops, due to increases in upward-directed light on the bottom of
leaves, an important phototropic signal triggering changes in plant growth and
development (Graham & Decoteau 1997). Impacts of reflective mulch can also vary by
climate because black plastic mulch elevates soil temperatures more than reflective
mulch. Thus, yields with reflective mulch would increase in very hot climates and
decrease in cool climates as compared to black plastic mulch. Negative and positive
impacts diminish to zero when vines grow to cover the mulch. Preventing early-season
defoliation and disease transmission have already had their greatest effect on yield, plant
growth and mortality when the plants reach this size (Andino & Motsenbocker 2004;
Hoffmann et. al 2000; Brust 1997b).

Boosting Plant Defenses
Organic fertilizers and compost tea sprays bolster plant health and can prevent
bacterial wilt and other diseases. Thus, 38% of 1,192 surveyed organic farmers use
compost tea “regularly or frequently” specifically for pest and disease control (Walz
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1999). Compost tea sprays likely have less impact on insect pests due to the low nutrient
contribution, yet disease is effectively reduced by creating competition and predation in a
vibrant microbial community on the leaf surface (Ingham 2000). These microorganisms
also produce antibiotics, siderophores, lytic enzymes and other products that can prevent
or suppress plant disease (Diánez et al. 2006, Scheuerell 2003). Significant results in the
field are reported with many plant diseases, including Botrytis, powdery mildew, downy
mildew, damping off, black spot on roses, late blight in tomatoes, fusarium wilt and
others (Scheuerell & Mahaffee 2002; Diánez et al. 2006).
In cucumbers, vermicompost use significantly decreased cucumber beetle damage
and increased plant growth rates, salinity-tolerance and yield as compared to equal
applications of inorganic fertilizer (Yardim et al. 2006; Sallaku et al. 2009; Sharma et al.
2009). Conventional N-P-K fertilizers can spike levels of nitrate, an easily-digested
growth stimulant for insect pests (Williams 2002; Phelan et al. 1995 sensu Yardim 2005).
Although Kelley (2004) found no significant impact of compost tea on bacterial wilt
incidence in pumpkins, high weed pressure was cited as a confounding factor.
Compost tea solutions are highly variable due to (1) the quality of the compost
that is used; (2) the choice to brew in an aerated or non-aerated solution; (3) brewing time
and temperature; and (4) the use of additives such as molasses, kelp or plant growth
promoting rhizobacteria (PGPR). This has formed the basis of a highly contentious field
of research with contradictory results. The only way to standardize results may be to
carefully document the process used in brewing compost tea and to test the resulting tea
for active constituents.
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The quality of compost used to produce compost tea has definite impacts on the
end product. Compost from municipal yard waste, manure and agricultural waste
products can all produce quality compost tea, as long as the composting process is
aerobic and the source material is free of salts, pesticides, heavy metals and pathogens
(Bess 2000; Bunemann et al. 2006). In anaerobic compost, alcohols, hydrogen sulfide or
methyl mercaptan can negatively impact plants, microbial communities or nutrient levels
(Coyne 1999).
Some researchers feel that compost tea must always be aerated to prevent the
growth of host plant or human pathogens, yet others have disputed this as baseless or
performed lab tests to disprove the assertion (Scheuerell & Mahaffee 2002; Duffy et al.
2004; Ingram & Millner 2007).

Furthermore, many European researchers believe that

non-aerated compost tea has shown better results as a fungicide due to the buildup of
antibiotics in the tea over longer brewing times (Ingham 2010). Presumably due to
variability in quality, comparisons of anaerobic and aerobic compost tea have not fully
answered this question.
Variability in compost tea will be inevitable until standards for brewing teas for
specific purposes are found. This is because very slight variations in temperature,
brewing time, oxygen levels and nutrient availability can radically alter the microbial
community in compost tea (Scheuerell 2003). Brewing conditions can alter rates of
hydrolysis and levels of phenols, long-chain fatty acids, hydroxyl acids, diacids and
alcohols (Spaccini et al. 2008).
Compost tea results are more predictable when plant growth promoting
rhizobacteria (PGPR) such as Bacillus subtilis, B. pumilus and Curtobacterium
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flaccumfaciens are incorporated in the tea (Raupach & Kloepper 1998). Addition of kelp
solutions to compost tea may stimulate plant growth by augmenting auxin, cytokinin and
gibberellin hormones, although phytohormone levels in kelp are relatively low.
Adding some fertilizers to compost tea may be beneficial, whereas others can
stimulate plant or human pathogens. Kelp has been the most consistently positive
additive and a combination of kelp, rock dust and humic acid led to significant disease
reduction in 67% of compost tea batches (Scheurell 2003; Scheuerell & Mahaffee 2006).
Molasses or fish emulsion can promote growth of E. coli, salmonella and plant pathogens
such as damping off (Ingram & Millner 2007; Duffy et al. 2004). For this reason, The
Compost Tea Task Force of the National Organic Standards Board (NOSB) regulates
methods and timing of compost tea application if any additives are used, including
molasses and fish emulsion and other additives.

Intercropping and Trap Cropping
Interspersing cucurbit crops with other plants has shown significant reductions in
beetle populations in several studies. Trap cropping with a squash that produces a high
level of cucurbitacins, such as Hubbard squash, buttercup or even zucchini, can attract
and concentrate beetle feeding on plants not planned for harvest (Kaiser 2006; Adler &
Hazzard 2009). Yield increases vary, from a non-significant 12.5% increase in butternut
squash, to a substantial benefit in cucumbers (Adler & Hazzard 2009; Boucher et al. 2003
sensu Adler & Hazzard 2009). Beetle population response to trap crops is also variable.
Cavanaugh et al. (2009) decreased insecticide use 94% by spraying trap crop borders and
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the main crop separately only when 1 beetle per plant was reached, whereas Kaiser
(2006) saw effects decrease as the season progressed.
Intercropping with a beetle deterrent is another strategy. Nasturtium (Trapaeolum
majus), radish (Raphanus sativus) and tansy (Tanacetum vulgare) significantly reduced
beetle numbers in melons (Cline et al. 2008). Borders of tall, flowering crops, such as
buckwheat (Fagopyrum esculentum) can inhibit migration of striped cucumber beetles
into fields of cucurbits (Platt et al. 1999). Even interplanted corn (Zea mays) and
broccoli (Brassica oleracea) can significantly reduce beetle populations and residence
times, but yield was heavily impacted by the shade from the corn (Bach 1980).

Biological Control
Parasitic insects and beneficial nematodes offer another control option for A.
vittata. Smythe and Hoffmann (2010) have shown that for striped cucumber beetles on
New York farms, the average natural parasitism rates are 25% by tachinid flies (Celatoria
setosa) and braconid wasps (Centistes diabroticae). Unfortunately, the time lag before
beetles succumb to these parasites may limit this promising strategy. Furthermore, many
common predatory and parasitic insects are deterred by the buildup of bitter cucurbitacins
in these beetles.
Entomopathogenic nematodes can reduce the number of emerging cucumber
beetle adults by up to 100% in the laboratory and 44-57% in conventional and organic
field sites, respectively (Ellers-Kirk et al. 2000).

In proper soil conditions, infective

juvenile nematodes enter cucumber beetle larvae, kill by releasing deadly bacteria
(Xenorhabdus for Steinernema spp. and Photorhabdus for Heterohabditis spp.) and
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digest the host and bacteria (Boemare et al. 1993 sensu Choo 1996). Nematodes require
certain soil temperature and moisture levels to survive and to seek out their hosts.
Cultivation and pesticides both significantly reduce nematode populations, whereas straw
mulch or intercropping with living mulch such as clover can increase them (Hummel et
al. 2002). Soil temperature plays a large role in population levels, as Sc and Hb
nematodes survival is significantly higher at 5-25 ⁰C (41-77 ⁰F) than at 35 ⁰C (95 ⁰F) in
the laboratory and 20 ⁰-28 ⁰C (68-82 ⁰F) is the optimum range in the field (Hummel
2002). S. riobravis may offer a heat-tolerant alternative that withstands 37 ⁰C (99 ⁰F)
and can reproduce at 35 ⁰C (95 ⁰F), allowing use under black plastic mulch, even in
particularly hot summers (Ellers-Kirk et al. 2000).
Different nematode species vary in their effectiveness for control of cucumber
beetle larvae. Steinernema feltiae is particularly effective as it can withstand colder
temperatures and be applied in the fall, whereas S. carpocapsae and Heterohabditis
bacteriophora can only be applied in spring and summer. Choo et al. (1996) found S.
carpocapsae to be the most effective for the western spotted cucumber beetle (Diabrotica
undecimpunctata undecimpunctata) whereas Ellers-Kirk et al. (2000) found S. riobravis
and S. feltiae killed the most spotted cucumber beetle larvae. Combining two nematodes
has highly variable results, from less than the least effective and up to as good as the
more effective of the two, but never more than the most effective single species (Choo et
al. 1996).
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Chemical and Organic Sprays
Botanical sprays are not highly effective for striped cucumber beetles. Formerly,
rotenone was a common and effective control, but links to Parkinson’s disease led to a
temporary complete ban, followed by a partial ban by the Organic Material Review
Institute. The new rule allows use in some crops if piperonyl butoxide is not used as an
adjuvant with approval by organic certifiers on a case by case basis (OMRI 2010). Even
the best alternative, pyrethrin formulations (e.g. Pyganic, NGK Co., Golden Valley, MN)
are less effective than intercopping or reflective plastic mulch (Cline et al. 2008). Some
have recommended use of neem (e.g. 70% Neem Oil, Certis USA, Columbia, MD) as a
soil drench for eggs and larvae or even as a spray for adults, although no research has
been done. Surround WP (Engelhard Corp., Iselin, NJ) is a kaolin clay coating that
lowers beetles’ recognition of cucurbits as host plants. It was one of the most effective
treatments in the 2001 trials of 12 sprays, including conventional insecticides, but showed
no significant effects in the 2002 field tests when only imidicloprid showed significant
effects on yield, defoliation or wilting (Hazzard et al. 2002).
Conventional agriculture relies on insecticides to control cucumber beetles.
Commercial farmers’ most effective insecticide is likely imidicloprid (Admire, Bayer,
Kansas City, MO) (Hazzard et al. 2002). Other options include carbofuran (Furadan,
FMC, Philadelphia, PA), carbaryl (Sevin, Rhone-Poulenc Ag. Co., Research Triangle
Park, NC) or esfenvalerate (Asana, DuPont, Wilmington, DE) (Hoffmann et al. 2000;
Hummel et al., 2002; Hazzard et al, 2002).
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Research Methods
The complex interaction of striped cucumber beetles, disease and plant responses
can be studied in agricultural field experiments or in manipulative experiments. Field
research often involves the comparison or one or more treatments to a control and can
test for yield, economic viability, plant growth, impacts on the beetle population,
herbivory damage, disease or other impacts. Common experimental designs and methods
will be discussed below. Three methods are commonly used for manipulative
experiments to understand the various impacts of striped cucumber beetles: (1) simulated
feeding studies (2) disease inoculation studies and (3) caged feeding studies.
Agricultural field studies for striped cucumber beetles, bacterial wilt and their
impacts on crops are often arranged in a randomized split-plot design or a randomized
complete block design. Control plots can then be compared to one or more treatments
and subplots can be utilized for assessing interactive factors or to simply bolster the
statistical power of the study. Guard rows and guard plants at the end of rows can be
used to reduce the impact of edge effects (Nair & Ngouajio 2010). Multiple sites,
succession plantings or multi-year studies all increase the relevance and statistical power
of agricultural research projects. When multiple blocks or sites are used, exact
duplication of the experimental design is ideal. However, where field sizes and planting
methods vary, Cavanaugh and his colleagues (2009) have developed methods to design
and compare results from plantings of differing size and shape, to allow broader
participation and collaboration in the research process.
Several pieces of equipment are popular for cucumber beetle research. Plastic
mulch and trickle irrigation are standard on commercial farms and for research, with only
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occasionally a control lacking mulch. Beds for planting may be at soil level or raised
beds may be used. Where mulch or row covers are being tested, soil and air temperature
are often tested with a data logger (e.g. Campbell Scientific, Logan UT; LiCor Inc.
Lincoln NE; Watchdog, Spectrum Technologies, Plainfield, IL). Light levels, spectrum
and photosynthetically active radiation (PAR) may also be assessed using dataloggers
(e.g. LiCor Inc. Lincoln NE; PAR Light Sensor, Spectrum Technologies, Plainfield, IL).
Nair and Ngouajio (2010) also assessed relative humidity levels (Watchdog, Spectrum
Technologies, Plainfield, IL).
Comparing the effectiveness of different treatments on striped cucumber beetle
populations offers a wide range of experimental techniques. Researchers commonly
evaluate the number of adults through traps or scouting, but very few studies enumerate
eggs or larvae in soil which would require using a float technique. Scouting can be very
effective early in the season, but becomes time-consuming and less accurate when vining
plants are entangled and the beetles become more active (Necibi et al. 1992). To further
complicate the issue, scouting times vary by study, some preferring the highly active,
feeding beetles from 10-2 pm, but most preferring the mornings when slower-moving
beetles congregate in the flowers (Lam 2007; Yao et al. 2000; Necibi et al. 1992).
Burkness & Hutchinson (1997 and 1998) have developed a binomial sequential sampling
plan and a fixed-precision sampling plan for effective scouting procedures for this pest.
Yellow sticky traps are commonly used to enumerate striped cucumber beetle
populations. Pherocon unbaited AM traps (Trécé Inc., Adair, OK) are most commonly
used, but insect adhesive (Tangle Trap, Tanglefoot Co., Grand Rapids, MI) can also be
painted onto 15X20cm yellow posterboard rectangles (Lam 2007; Adams et al. 1990).
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Lam (2007) set a standard for cucumber beetle trapping that 20 beetles/48 hr./sticky trap
equates to 1 beetle per muskmelon plant. Conversely, 16 beetles per trap was shown to
be equivalent to 5 beetles per 5 plants in pumpkins in 1996, but only 6 beetles per trap
correlated to 5 beetles per 5 plants in 1997 at the same site (Caldwell et al. 1998). This
may imply that the traps are less attractive as beetles become accustomed to the traps, but
has yet to be explained. Furthermore, these correlations do not necessarily apply to other
crops, making scouting the only option for cucumbers, summer squash and watermelon if
a beetle/plant ratio is needed to compare to an economic threshold. Typically, traps are
set 15-23 cm (6-9”) above the soil line or level with the top of the plant canopy and
allowed to collect beetles for 48 hours before a count is made and the traps are removed
(Lam 2007; Adams et al. 1990). Often striped and spotted cucumber beetles (A. vittata
and Diabrotica undecimpunctata) will be counted separately. In some sites, corn
rootworm beetles (Diabrotica virgifera virgifera) need to be identified, as their
appearance is similar to striped cucumber beetles. These are usually eliminated from the
analysis as their residence times and impact in cucurbit plantings is negligible.
Reducing pest populations can impact plant vigor, crop yield and profits. Plant
vigor can be quantified by gathering data on leaf number, leaf chlorophyll content, vine
length, root mass, flower number, sex ratio of flowers and fruit quality. Leaf area can be
measured by making a paper template of a leaves of common sizes, measuring these with
a leaf-area meter (LI-COR, model LI-3050A, Lincoln, NE) and comparing these standard
sizes to leaves the field (Hoffmann et al. 2000; Nair & Ngouajio 2010). Leaf chlorophyll
content can be tested using a chlorophyll meter (Minolta, Osaka, Japan) (Nair &
Ngouajio 2010). Total soluble solids can be measured using a refractometer to assess
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fruit quality (Andino & Motsenbocker 2004). Ratios of marketable to unmarketable fruit
may also shed light on the interaction between pest populations and plant vigor.
Yield per plot is often divided into marketable and unmarketable categories which
are assessed by weight, number of fruits or both. Yields per plot are combined for each
treatment and converted to a standard planting area, such as 100 row feet, 100 meters, an
acre or a hectare. Some crops, such as cucumbers, melons, summer squash and zucchini
require harvests 2-3 times per week for over a month and are thus suited to analyzing
trends in early, peak and late yields. Pumpkins and winter squash need only be harvested
once, making them less onerous to study but limiting assessments of early yields.
Economic analyses are less commonly assessed than yield, but are of equal if not
greater importance. Partial budget analysis compares new agricultural methods by
isolating unique costs and benefits of a treatment compared to a control and can
determine a break-even point where yield increases pay for new equipment and/or
increased labor (Olha et al. 2008; Dalsted & Gutierrez 2007; Berry 1972). Assessing
profit is difficult when farmers receive different prices for direct sale vs. wholesale
markets and because there are large seasonal swings in pricing. Using partial budget
analysis eliminates non-standard comparisons for expenses inherent in enterprise budgets,
but does not ameliorate differences in sale prices. There are also many applications for
systemic analysis, such as computing risks of annual profits falling below a threshold or
calculating optimistic, typical and pessimistic yields, often set at 100%, 80% and 60% of
experimental yields, respectively (Rojas et al. 2011; Kelly et al. 1995). Three studies of
striped cucumber beetles that use economic analyses are Cavanaugh et al. (2009), Nordell
& Nordell (2011) and Rojas et al. (2011).
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Plant-pest dynamics can be illustrated using simulated feeding studies, which
involve cutting leaves with scissors, a paper punch or pins. Actual herbivory damage
differs from such simulations in several ways. For example, beetles will scour the bottom
of cotyledon leaves, while experimenters cleanly snip off the tip of the cotyledon
(Hoffmann et al. 2000). Heavy beetle damage to true leaves will result in foliage like
lace, with most photosynthetic tissues removed and tough vascular tissues intact, which is
difficult to replicate experimentally. Furthermore, simulations test one-time damage to
the leaf surface, whereas beetle feeding is essentially continuous. Most importantly,
simulated feeding studies fail to show the impact of disease transmission. This may
allow researchers to disentangle the effects of herbivory damage and disease, but
misinterpretation is a risk. It is assumed that most of these differences would tend to
underestimate the impact of the damage, but no studies have compared the effects of
equivalent levels of simulated and actual beetle feeding.
Bacterial wilt inoculation studies swab ground leaves and stems from infected
plants onto test plants, before or after wounding the leaves (Brust 1997b and 1997c).
Testing for infection involves watching for wilted leaves, then cutting stems, pressing the
cut portions together and pulling slowly apart. If a string of slime is seen, the plant has
bacterial wilt (Latin 1993). More certain identification is rarely needed, but colonies can
incubate for 4-5 days at 28 ⁰C (82 ⁰F) on yeast dextrose agar, and be identified with fatty
acid analysis (Susser 1990 sensu Yao et al. 1996). Or an enzyme-linked immunosorbant
assay (ELISA) can be used to positively identify E. tracheiphila (Fleischer et al. 1999).
Caged feeding experiments illustrate the effects of feeding by multiple or single
beetles and consequent impacts on defoliation rates, plant growth, cucurbitacin induction,
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yield, disease and interactions of these impacts (Brust 1997a; Brust & Foster 1999). Freechoice and forced feeding experiments can occur in laboratories with beetles harvested
from farm fields or reared in the laboratory. Or researchers can place the desired number
of beetles under row covers or mesh in the field or on potted plants. Plant chemical
responses to defoliation and disease, including cucurbitacins, phenols and peroxidase
require further laboratory testing using bioassays, mass spectrometry or thin-layer
chromatography (Metcalf et al. 1980). Some studies also looked at systemic acquired
resistance (SAR) by testing unaffected leaves on diseased plants to ascertain how disease
can be contained or if symptoms can be reduced (Moran 2001).
Researchers that work with beneficial nematodes have precise ways to measure
populations and to assess their effectiveness. Application of nematodes can be done
using a backpack sprayer or drip irrigation lines. Rainy weather and cloud cover help to
ensure adequate soil moisture and limit UV light, which can be lethal to the nematodes
before they burrow into the soil. Nematode studies require soil counts of nematodes
using the float method or a bioassay with the wax moth/wax worm (Galleria mellonella)
to determine their population and level of activity (Choo et al., 1996; Hummel et al.
2002). To test the effects on cucumber roots of reduced beetle larvae, Ellers-Kirk et al.
(2000) took soil cores 5-10cm (2-4”) from a taproot, washed and stained the roots,
scanned the slides and assessed root length by using image analysis software.
Analysis used in studies of striped cucumber beetles include some standard tests
for significance, such as ANOVA, ANCOVA, Tukey’s multiple comparison test and
variance tests, while regression analyses allow correlation of data. Analyses specific to
diversity, population dynamics and disease were also used in several papers. Where
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multiple species of beneficial insects or cucurbit pests is a concern, density, abundance
and diversity can be calculated (see Bach 1980). To understand population dynamics in
cucumber beetle life cycles, survivorship, fecundity and intrinsic rate of increase were
used (Ellers-Kirk & Fleischer 2006). Area under the disease progress curve (AUDPC)
has been shown to be one of the best methods to account for changes in disease
symptoms over time:
AUDPC =
Where Y=disease incidence at time T and i=time of assessment (Yao et al. 1996).

Sharing results with farmers
The aims of this study of striped cucumber beetles are two-fold. Simply
establishing which control methods are effective or economical is important, but getting
the information to farmers who can use it is a primary concern. This can be done by
articles in farm magazines, workshops at sustainable farming conferences or by hosting a
field day for interested farmers. Further, having complete, up-to-date information in pest
control guides and websites would get information to more farms, over a longer time
period and at the most teachable moment.
Below, several popular texts are quoted to give an idea of the research as it is
presented to farmers:
The Ortho Problem Solver offers a typical insecticide-based approach:
Treat plants with ORTHO Tomato and Vegetable Insect Killer (formerly
diazinon, now piperonyl butylate and pyrethrum) or ORTHO Bug-B-Gon Insect
Killer (Pyrethrin) at the first sign of the beetles. Repeat at weekly intervals as the
plants become reinfested. Control early in the season helps prevent susceptible
young seedlings and plants from becoming infected with bacterial wilt.
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The Organic Gardener’s Handbook of Natural Insect and Disease Control (1996) offers
an array of organic options, but overlooks a few effective strategies:
Cover seedlings or plants with floating row cover, and hand-pollinate covered
squash-family plants; pile deep straw mulch around plants to discourage beetles
from moving between plants; apply parasitic nematodes to soil to control larvae;
spray with pyrethrin when adults are seen feeding on pollen in flowers.
The popular reference, Rodale’s All-New Encyclopedia of Organic Gardening (1992)
misinterprets the goal of interplanting with radishes, but otherwise, the information is
clear and complete:








Inspect the foliage and insides of flowers daily; hand pick and destroy any
beetles you find
Lure striped cucumber beetles away from the cucumbers by planting
radishes nearby
Plant later in the season when the beetles are less prevalent
Cover young plants with a fine netting, such as cheesecloth, or with a
floating row cover. Remember that a cover will also keep bees out; if you
leave the cover on after flowering begins, you’ll have to hand-pollinate the
flowers to get a crop
Plant non-bitter cultivars, because cucurbitacins, chemical compounds that
cause bitterness in cucumbers, also attract the beetles
As a last resort, apply pyrethrins or rotenone to control large infestations.

A detailed account in Common Sense Pest Control Manual, by Olkowski et al. (1991)
discussed only damage to corn associated with diabrotica beetle larvae, not the impacts
on cucurbits. Jerry Baker (2004) recommends a long list of tested and untested strategies
for home gardeners, from spraying plants with vanilla or a lime-wood ash mixture, to
interplanting with radishes or planting cucumbers in old tires.
In the space requirements of these books it is difficult to fit the detail needed to
select and use a cucumber beetle control method, their relative effectiveness and the full
variety of control methods available. Despite some shortcomings in their
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recommendations, the better among these guides offer helpful information on controls,
life cycle and population dynamics of cucumber beetles.
Below is a very short synopsis in an attempt to improve upon the thumbnail
guides to pest control referred to above:
Beetle control is needed for young crops (≤ 3rd true leaf) when ~1 beetle/plant is
found, to prevent bacterial wilt infection. Black or reflective plastic mulch limits
egg-laying, but usually requires additional control. Floating row covers, such as
Reemay keep all beetles out if used before pests arrive, but must be removed before
flowering or plants will have to be hand pollinated. Predatory nematodes
(Steinernema carpocapsae, S. feltiae, S. riobravis or Heterohabditae bacteriophora)
can kill many beetle larvae if soils are moist and cool and plowing is minimized.
Intercropping with buckwheat, nasturtium, radishes or tansy or trap cropping with
Hubbard squash can lower numbers of adult beetles. Kaolin clay sprays or dips for
young transplants, like Surround WP, may keep beetles from finding plants. As a last
resort, ask your organic certifier if spraying with pyrethrum will be allowed in your
circumstances.
Hopefully, this information would be useful and clear enough to help organic growers
find solutions that work in their farm system.
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CHAPTER II

FIELD RESEARCH

Introduction
Striped cucumber beetles (Acalymma vittata F.) are ranked by organic growers in
the United States as their most common and destructive pest problem, perhaps because
cucumber beetles have 50% greater larval survival on organic farms (Walz 1999; EllersKirk et al. 2000). On organic and conventional farms alike, striped cucumber beetles are
the most damaging pest of cucurbits (Cucurbitaceae) in the Midwest including cucumbers
(Cucumis sativa), melons (Cucumis melo, Citrullus lanatus), summer squash (Cucurbita
pepo) and pumpkins and winter squash (Cucurbita moschata, C. maxima, C. pepo)
(Grafius & Hooplingarner 1993; Latin 1993). This pest is also the primary vector and
overwintering host of bacterial wilt (Erwinia tracheiphila, Enterobacteriales:
Enterobacteriaceae), the most destructive disease in cucumbers and muskmelons in the
Midwest (Brust 1997c). Because farmers need to prevent crop damage, A. vittata is the
primary target for up to 10 annual insecticide applications on conventional farms,
contributing to 35 confirmed pesticide residues on cucumbers tested in the US supply
chain (Hutchison 1994; Hollingsworth et al. 1998; Punzi et al. 2005). Organic farming
can displace such chemical use, often while increasing farm profits. These benefits hinge
upon creative solutions to pest problems, such as the methods investigated in this study.
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Striped cucumber beetles feed on cucurbit cotyledons and foliage, damage fruits
and transmit bacterial wilt despite the presence of extremely bitter cucurbitacins. These
plants produce cucurbitacins, which trigger A. vittata to remain on one plant,
compulsively feed and release powerful aggregation pheromones (Carroll & Hoffmann
1980; Metcalf et al. 1980). Early emergence after overwintering as adults in weeds and
field edges allows beetles to begin to feed as soon as plants germinate or are
transplanted—a time when plants are highly susceptible to disease. A. vittata frass
spreads E. tracheiphila to leaves damaged by herbivory and within 10-14 days, bacteria
block the flow of xylem, wilt leaves and kill plants (Mitchell & Hanks 2009; Raupach &
Kloepper 1998; Yao et al. 1996). Cucumbers and muskmelons are considered the most
susceptible crops for E. tracheiphila, but all cucurbits are vulnerable when young (Diver
& Hinman 2008). In addition to spreading disease, females lay eggs in soil at the base of
the plants and the resulting larvae feed solely on cucurbit roots, although larval feeding
has little impact on yield or root mass (Hladun & Adler 2009). A new generation of
beetles emerges in late summer during the cucurbit harvest, causing cosmetic damage to
the fruit. These beetles will enter a dormant state though the winter to begin the cycle
anew the following year.
Whereas most conventional farms use insecticides at an economic threshold of 1
beetle per plant to prevent damage to crops (Brust & Foster 1999), organic farms use a
diverse array of striped cucumber beetle treatments. Common organic treatments
include: (1) row covers, (2) reflective plastic mulch, (3) compost or foliar fertilization
with compost tea, (4) trap cropping or intercropping, (5) beneficial insects and nematodes
and (6) organically-approved sprays. This study compares effectiveness of row covers,
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reflective plastic mulch and compost tea. Row covers are thin polypropylene fabrics that
transmit water and up to 93% of light, while excluding insect pests and creating a warm,
humid microclimate for crops. While beetle populations after row cover removal may
equal those of unprotected crops, marketable yields of melons, cucumbers and other
crops can be significantly increased and early maturity can lead to price premiums
(Owens et al. 2008; Nair & Ngouajio 2010; Walters 2003; Rulevich et al. 2003; Waterer
1993). Plastic mulch deters egg-deposition, decreases larval survival and speeds plant
growth by raising soil temperatures (Necibi et al. 1992). Reflective mulch does not raise
soil temperatures as much as black plastic mulch, but it interferes with host-plant
recognition in striped cucumber beetles. This can maintain pest levels below the 1 beetle
per plant threshold, but yield impacts vary from no impact up to a 66% increase in yields,
likely due to differing ambient soil temperatures at study sites (Andino & Motsenbocker
2004; Cline et al. 2008). Organic fertilizers and compost tea sprays bolster plant health
and prevent bacterial wilt, leading 38% of 1,192 surveyed organic farmers to use compost
tea specifically for pest and disease control (Walz 1999). In cucumbers, worm compost
significantly decreased beetle damage and increased plant growth rates, salinity-tolerance
and yield as compared to equal applications of inorganic fertilizer (Yardim et al. 2006;
Sallaku et al. 2009; Sharma et al. 2009). Compost tea prevents disease by creating
competition and predation in a vibrant microbial community on the leaf surface,
particularly when Bacillus subtilis, B. pumilus and Curtobacterium flaccumfaciens are
added (Ingham 2000; Raupach & Kloepper 1998).
The goal of this study is to increase cucumber yields by controlling striped
cucumber beetles and/or bacterial wilt using row covers, reflective plastic mulch and
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compost tea at a commercial organic vegetable farm. This is the first study to use field
data to confirm Ellers-Kirk and Fleischer’s (2006) estimates of degree day development
in this pest.

Methods
Site and Growing Methods
This research was conducted at Groundswell Community Farm, a 2.8 hectare ( 7
acre) organic farm in Ottawa County, Michigan surrounded by neighboring plantings of
field corn as well as vegetables such as lettuce and radishes. The farm sells diverse
vegetables though 140 community-supported agriculture (CSA) shares and farmers’
markets. Carlisle muck, which dominates the study site, is characterized by over 60” of
organic material which helps to buffer acidity in this soil, which tested at 5.8-6.2 pH
(Pregitzer 1972). Although the soil survey indicates Kawkawlin loam in the NW corner
of the experimental block, I have observed that this corner of the field maintains a similar
texture to the Carlisle muck, though the depth to mineral soil diminishes to 0.6 m (2 ft) at
the north end of the block. The land has a high water table between 0-1 m deep and a
gradual 1% slope toward the southeast corner where it meets the Macatawa River.
Olympian cucumbers (Johnny’s Seeds; Winslow, ME) are a gynoecious (allfemale) hybrid cucumber grown with 10% pollinator seeds. The variety is resistant to
anthracnose, angular leaf spot, cucumber mosaic virus, downy mildew, powdery mildew
and scab, reducing the risk of confounding variables.
A complete timeline of research activities, planting, treatments, harvest and data
collection is listed in Table 2.1. Three Olympian cucumber seeds per 2” pot were planted
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on 20 May 2009 in a potting mix of poultry and wood compost, peat, vermiculite, perlite,
brown rock phosphate and gypsum (Original blend organic, Morgan Composting, Sears,
MI). Germination began on 24 May and first true leaves were seen in some plants by 31
May. The plants were moved out of the greenhouse to harden off and prevent “leggy”
growth on 5 June.
Following a winter cover crop of oats and vetch, the cucumber beds were disked,
leaving a border of at least 4 m of vetch on either side. Farmworkers and I transplanted
the cucumbers on 9 June into beds prepared with drip irrigation (QueenGil, 10 mm outlet
spacing; Jerusalem, Israel) and either black plastic mulch (BFG; Jenison, MI) or
reflective mulch (Mechanical Transplanter; Holland, MI). Holes were punched 0.3 m
apart and each hole was prepared with an equal amount of fertilizer made with ½ cup fish
emulsion per gallon and 1/8 cup kelp per gallon (Neptune’s Harvest, 2-4-1 and 0-0-1
respectively, Gloucester, MA). After culling 20% of pots for low germination or vigor,
we transplanted each pot with three healthy cucumber plants into the holes in the mulch,
being careful not to disturb the fragile roots.
Plants were tended according to standard growing practices. Weeds were
controlled by plastic mulch in the rows, whereas walkways were cultivated with a walkbehind rototiller and hand-weeding. Drip irrigation supplemented rain to provide 2.5 cm
(1”) per week of water. We chose to use moderate levels of irrigation although high
irrigation rates can increase yield, because soluble sugars, vitamin C and free amino
acids are higher when moderate irrigation is used (Wang et al. 2009).
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Experimental Design
I had four complete replicates in each of two planting blocks with 3 main-plot
treatments and mulch color as a subplot treatment, as shown in Figure 2.1. We planted
cucumbers in 12 plots (24 subplots) within three 30.5 m (100 ft.) rows of cucumbers in
each of the 2 identical blocks. I randomly assigned treatments to create 4 replicates of
row cover, compost tea and control plots. Each plot contained two subplots alternating
between black and reflective plastic mulch. Thus, reflective mulch was the only
treatment in half of the control plots, but was used in addition to row covers or compost
tea in other subplots, as shown in Appendix A1.
The second block was abandoned on19 June, when 10.7 cm (4.2”) of rain flooded
the plants for approximately 24 hours, as shown in Figure 2.2. Although this reduced the
plot number and statistical power, extrapolation of results from this site would have been
problematic as shown by the photo of the mud-soaked cucumber leaves in Appendix A2.
Our remaining site had no standing water, but soils were saturated under the plastic
mulch. The mulch was cut and pulled back to dry the soil in the SE 1/3 of the block and
replaced a week later when normal soil moisture levels were restored.

Treatments
Row covers, compost tea sprays and reflective mulch were used for controlling A.
vittata and E. tracheiphila in cucumbers, as shown in Table 2.2. I set row covers over #9
wire hoops (Johnny’s Seeds; Winslow, MN) in row cover plots immediately after
transplanting. On 26 June, a cucumber flower was spotted and row covers were
permanently removed to allow pollination and ease of harvest.
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I sprayed five applications of compost tea beginning on 12 June 2009 and weekly
from 22 June until 9 July, a few days before harvest began. To make the compost tea, I
soaked worm compost in a cotton filter in a bucket of water aerated with an aquarium
pump for 24 hours to encourage aerobic microorganisms to flourish. Kelp was added at
the outset of brewing the compost tea and mycorrhizal fungi were added 10 minutes
before spraying (Morgan Compost, Sears, MI). I used a hand-pump backpack sprayer
and applied compost tea in the evening between 19:00-21:30 to reduce exposure of
microbes to UV light. One application was likely washed away by rain, but all other
sprays were well-timed for establishment of a healthy microbial community as has been
demonstrated by Ingham (2000).
Plastic mulches were applied over a week before transplanting cucumbers to
allow soils to warm. This also ensured that wet soil would not delay our planting date.
Black mulch was laid with a tractor-mounted mulch layer. I laid the reflective mulch by
hand, to ensure standard spacing between the subplots.

Data collection
I measured striped cucumber beetle populations, cucumber yield, and plant
growth for each of the 24 subplots and also recorded weather conditions and time and
cost of treatments. Three visual counts of beetles and 5 counts using sticky traps were
used to assess beetle populations. For an accurate count during times of low beetle
mobility, beetle counts were scheduled for 8AM as recommended by most researchers,
with the notable exception of Lam (2007). I searched each individual plant from two
randomly selected hills within each of the 24 subplots for beetles on 14 and 28 June and 5
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July. The 21 June count was not performed to protect saturated soils from compaction.
By 12 July the vines were too interconnected to allow visual counts. One sticky trap
(Pherocon unbaited AM trap; Trécé Inc., Adair, OK) was hung 15-23 cm (6-9”) above
randomly selected plants in each subplot (n=24) weekly from 12 July to 9 August, as
shown in Appendix A3. I inspected traps after 48 hours for striped and spotted cucumber
beetles (A. vittata and Diabrotica undecimpunctata). The following week, old traps
would be removed, a new location randomly chosen and a new trap was hung in each
subplot. Western corn rootworm beetles (Diabrotica virgifera virgifera) from a nearby
cornfield were captured but not included in the count totals. Yellow sticky traps do not
yet have a 1 beetle per plant conversion in cucumbers, but 20 beetles per trap is the
equivalent threshold in muskmelons is the most commonly-used conversion factor (Lam
2007). For squash 15 per trap equaled 1 beetle per plant in one study-year, whereas the
equivalent was 6 beetles per trap the following year (Jackson et al. 2005; Caldwell et al.
1998; Caldwell & Clarke 1999).
I assessed plant growth and health by counting leaf number and recording
bacterial wilt infection rates. Leaves per plant were counted on randomly chosen plants
in each subplot on 28 June, although no comparisons of leaf size were conducted. Within
a day of first observing bacterial wilt in the field, I scouted plants for disease weekly
from 12 to 26 July 2009. I noted plots with wilt and then cut a stem, pushed together the
cut ends and pulled them apart to check for viscous slime, as described by Latin (1993).
A laboratory test to determine the titer of E. tracheiphila was unnecessary as visual
inspections and the “slime test” accurately diagnoses bacterial wilt. With each
inspection, infected plants were removed from the field, following common farm practice
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to reduce transmission. My inspection on 2 August revealed high mortality rates
unrelated to disease that made continuing the counts unreliable and unnecessary.
We harvested cucumbers 2 – 3 days per week, to accommodate varying
production levels. Farmworkers were taught to harvest marketable cucumbers of a
standard size, and every worker harvested one row to ensure that unavoidable differences
in harvesting would not favor one plot type. Farmworkers also identified unmarketable
cucumbers, such as those that taper at one end or are excessively curved, as these are
signs of stress, disease, poor pollination or insufficient water as shown in Appendix A4.
Harvesters would then record the number of fruit and total weight of marketable and
unmarketable cucumbers for each subplot. All plots were harvested from 14 July to 17
August.
We recorded weather conditions using 2 HOBO Pro-V 2 weather stations (Onset
Computer Corp., Pocasett, MA) at the top of the canopy, about 15 cm (6”) above the
black mulch in subplot #202a and the reflective mulch subplot #202b, as shown in Figure
2.1. Each HOBO recorded temperatures every 6 minutes from 5 June to 21 August,
resulting in thousands of data points. These data were manipulated in EXCEL, where
½(max+min) was used to calculate degree days above the base temperature of 13°C (55
⁰F). Following Ellers-Kirk and Fleischer (2006), we assumed that adult beetles would
emerge after 434 degree days. Since on-site weather monitoring began 5 June, I used
temperature data collected 3.7 miles from the farm at a Michigan Automated Weather
Network (MAWN) station in Hudsonville until 4 June. This site is at the same elevation
in the same valley as the farm and daily temperatures averaged 1.7 °C below those
recorded on our farm. Ambient temperatures would likely be more comparable, but heat
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radiating from the plastic mulch raised temperatures at the on-farm weather station.
Ambient temperatures would be more important for beetle development in the early
season before cucurbits are in the field, although temperatures above the mulch would
represent the beetle habitat later in the season. I used temperatures to predict insect life
stages using laboratory data from Ellers Kirk et al. (2006), field colonization data from
Radin and Drummond (1994) and Michigan field data (Bach 1980). Rainfall was
recorded each morning using a wedge-style graduated rain gauge near the HOBO in plot
#202A.

Statistical analysis
Results were analyzed in SPSS using a 3-Factor Split-Plot Repeated Measures
ANOVA. The factors used were: (1) treatment (row cover, compost tea or control plots);
(2) mulch color (black or reflective mulch subplots); and (3) plot location (center, edge or
corner). Least Squares Means post-hoc tests were used where treatment or mulch color
effects were significant (α ≤ 0.05). Although normality requirements could not be met
for all variables, the normality assumption of the Central Limit Theorem was invoked.
Leaf number was analyzed using One-Way ANOVA run separately for treatment and
mulch color, followed by Tukey’s post-hoc where significant.
The statistical power of this study was not always sufficient to show statistical
significance, even in situations that indicate management implications. Thus, we will
assume that a percent change of less than 10% has no practical significance, while those
at the 10-20% level show moderate impacts and effects greater than 20% different than
controls have a substantial impact for management.
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Results
Early season beetle population
Striped cucumber beetles exceeded the 1 beetle per plant economic threshold at
some point in all treatments during the early season, as shown in Figure 2.3. None of the
treatments significantly reduced mean pest populations compared to control plots over
the three counts, which was likely due to issues regarding high variability, a low number
of plots, and variable temporal effects in the row covers. As expected, row cover plots in
the first week had significantly fewer beetles per plant than compost tea (p = 0.002) and
control (p = 0.001) plots, since row covers completely excluded beetles at this time.
Nonetheless, beetles quickly colonized these plants when row covers were removed,
showing a non-significant 26.9% increase compared to controls in the two counts
following row cover removal. Including the first week in our analysis, row covers offer a
substantial benefit, decreasing beetle populations by 25.4% compared to controls.
Reflective mulch showed a moderate reduction in early season beetle populations of
17.3% compared to black mulch over the 3 visual counts, as shown in Figure 2.4.
Compost tea use likely had no management implications, with a 6.2% increase in beetles
compared to the control.

Late season beetle population
When the cucumber vines grew intertwined, visual counts became impossible and
I began to use sticky traps. Data are shown in Figures 2.3 and 2.4, where I used the
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conversion of 1 beetle per plant as equivalent to 20 beetles per trap, as evaluated in
muskmelons (Lam 2007). In the late season, compost tea reduced beetles substantially,
with 21% less beetles than controls. Row covers and reflective mulch offered little
practical change, with a 7.6% decrease and a 2.2% increase, respectively. These
differences were not statistically significant in total or in the first 4 weeks of trapping.
On the final trap date, however, control plots had an average of 20.8 beetles per trap,
which was significantly more than the 11.4 beetles found on traps in the row cover plots
(p = 0.01) or the 12.6 beetles per trap found in the compost tea plots (p = 0.01).

Bacterial wilt
Although trends in the compost tea and reflective mulch plots indicate moderate
and substantial benefits from reduced bacterial wilt, no treatments were statistically
significant (Figure 2.5). Reflective mulch showed substantial management implications
with disease reductions of 35.5% compared to the black mulch subplots. Compost tea
moderately reduced disease by 16.7% compared to controls. Row covers did not prevent
bacterial wilt infection. In both row cover and control plots, 12% of plants were removed
due to bacterial wilt.

Yield
We harvested a mean of 159 ± 68 more marketable cucumbers per 30.5 m (100
ft.) in row cover plots compared to controls, which would equate to 9062 more per acre
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(Figure 2.6). Although the 18.5% increase in total yields in row cover plots was not
statistically significant, this increase has moderate economic implications. Yields were
significantly greater on the second harvest week (21-24 July) (p = 0.01) with a mean of
29.9 cucumbers in row cover plots compared to 17.9 in control plots, a 67.1% increase, as
shown in Figure 2.7. No other harvest dates or treatments were statistically significant.
Although row covers had moderate impacts on yield, compost tea and reflective
mulch appear to have no practical significance. Marketable yield was 6% higher in
compost tea treatments compared to controls, resulting in 52 ± 68 more cucumbers per
30.5 m (100 ft.) or an average of 2964 more cucumbers per acre. Reflective mulch
subplots lowered marketable yields by 2.3% compared to black mulch subplots, a drop of
22 ± 40 cucumbers per 30.5 m or 1254 less marketable cucumbers per acre.
Marketable yields by weight followed a similar trend indicating substantial
practical benefit with row covers (a 29.4% increase) and no practical significance in
compost tea (5.5% increase) or reflective mulch (6.1% decrease). Statistical analysis
revealed no significant increase in yields by weight in row covers. Compared to controls,
there was no significant impact with compost tea or reflective mulch. Weight per
marketable fruit indicates little practical benefit for growers. Weight per fruit was 0.19
kg for controls and 0.21kg in row cover plots, a 9.2% increase. Weight per cucumber
was 3.8% lower with reflective mulch than with black mulch subplots and 0.6% lower in
compost tea than in controls.
Ratios of marketable to unmarketable fruit and combined yields of the two were
revealing. While row covers showed only minor impact on the combined yield of

39

marketable and unmarketable cucumbers, with an increase of 8.5% over control, row
covers had a high ratio of marketable: unmarketable cucumbers (MKT: UN) of 2.12:1,
compared to a ratio of 1.65:1 in control plots. A slight increase in total yield combined
with this reduced percentage of culls fully accounts for the increase in marketable yields
where row covers are used.
In contrast, combined yields of marketable and unmarketable cucumbers in
compost tea and reflective mulch showed almost no change, just a small decrease of 1.4%
for compost tea and an equally minor increase of 1.3% for reflective mulch. Compost tea
increased the harvest of marketable fruits by 6% mainly by decreasing the harvest of
unmarketable fruit by 13.8% which equates to a high MKT:UN ratio of 2.03:1.
Reflective mulch treatment had the opposite effect. It decreased marketable cucumbers
by 2.3% which was offset by an 8.62% increase in unmarketable cucumbers. This
MKT:UN ratio was low, 1.83:1 compared to a ratio of 2.03:1 in black plastic mulch.

Leaf number
Plant growth was significantly altered by the favorable microclimate of row
covers, as shown in Figure 2.8. Row cover plants had 40.3% more growth than control
plants during a leaf count on 28 June (p=0.006) as shown in Appendix A5. Row cover
plants had a mean of 16.3 ± 1.3 leaves compared to control plants with 11.6 ± 0.8. Leaf
number was unaffected by compost tea and reflective mulch, neither of which showed an
increase greater than 0.2 more leaves per plant.
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Insect development
Population data coincided closely with an egg to adult development rate of 434
degree days , as shown in Figure 2.3. The emergence of second generation beetles
predicted for 21 July preceded a sudden increase in trapped beetles sometime after 28
July, following 2 weeks of population declines in all plots. After wintering as adults in
weeds and field edges, the degree day model predicts that beetles emerged when
temperatures first reached 13°C on 24 April 2009 and oviposition began 8 days later on 1
May (Ellers-Kirk & Fleischer 2006; Radin & Drummond 1994). Eggs could have
initially hatched on 26 May and the resulting neonates would have begun to molt to the
pupal stage on 12 July before emergence of the first beetles on 21 July.
Discussion
This study shows that reducing beetle numbers does not always minimize disease
or increase marketable yield. If the goal is to grow more cucumbers with less disease,
extrapolation from sticky traps and beetle counts is not sufficient evidence for farmers
who need yield impacts to justify expensive, labor-intensive treatments. Yield, fruit
quality and profit deserve to be quantified in all studies of striped cucumber beetle
treatments. Certainly, marketable yield is the most important expected result of any
intervention and many studies are careful to include this data. Below, I have assessed
these impacts for (1) row covers; (2) compost tea; and (3) reflective mulch. In addition,
analyses of cucumber beetle populations, confounding factors, statistical analyses and
adoption by farmers are discussed.
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Because A. vittata and E. tracheiphila affect various cucurbit species differently,
results from studies of cucumbers, melons, squash and pumpkins are quite inconsistent.
We chose to work with cucumbers because this crop is highly attractive to cucumber
beetles and susceptible to disease. Foster et al. (1995) listed cucumbers as the most
attractive crop for A. vittata, whereas others have ranked them behind blue Hubbard
squash, which is traditionally used as a trap crop (Diver & Hinman 2008; Adler &
Hazzard 2009). Cucumbers and cantaloupe are also considered to be the most susceptible
crops to bacterial wilt (Diver & Hinman 2008).

Row Covers
Row covers significantly increased plant growth, boosted and had moderate
management impacts on yield, but did not protect plants from disease. Soltani et al.
(1995) have shown that accumulated heat units under row covers accurately predict plant
growth and yield, which is substantiated by our significant increase in leaf number and a
moderate increase in marketable yields. High beetle populations soon after row cover
removal may account for disease levels equal to control plots, but the results are
surprising in light of Brust’s 1997 research. He showed that pumpkin plants inoculated
with E. tracheiphila after the third true leaf stage did not contract the disease. Our plants
were well past 3rd leaf stage (16.3 leaves per plant 2 days after row cover removal) but
showed no disease protection. It would be useful to repeat Brust’s 1997 disease
inoculation studies with cucumbers, muskmelons and other susceptible crops. The lack
of disease protection with row covers shows the limit of extrapolation between pumpkins
and cucumbers.
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Compost tea
Although compost tea spray helped to moderately reduce bacterial wilt and
unmarketable cucumbers, it had little practical effect on beetle populations in our study.
Since results from compost tea are highly variable due to even slight changes in compost
used in production, brewing times, temperature during brewing and use of aeration,
testing each batch that I brewed would have shed light on our results. It is possible that a
different production method or different additives may have offered more significant
impacts on disease and profitability. Testing for active constituents in the compost tea
would be recommended for future studies of this treatment.

Reflective mulch
Reflective mulch moderately lowered the number of striped cucumber beetles in
the early season, but slightly decreased marketable cucumber yields. In the early season,
we observed down-turned leaves in the cucumber plants grown on reflective mulch, as
shown in Appendix A6. Graham and Decoteau (1997) have attributed these changed leaf
angles and increases in internode lengths to a decrease in the red: far red exposure of
plants on colored mulches, particularly if light is directed upward from the mulch. This
did not reduce leaf number in our study, but may have affected flower number and yield,
which depend on different wavelengths. Our reduction in marketable yields in reflective
mulch subplots is confirmed by research with reflective mulch in tomato (Moreno et al.
2009). Nonetheless, these data contradict research by Cline et al. (2008) who
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documented a 56-66% increase in marketable muskmelon yields as well as increases seen
in summer squash yields by Murphy et al. (2008).
The variability in results may result from higher base soil temperatures in research
sites, since reflective mulch does not raise the soil temperature as much as black mulch.
Both studies where reflective mulch increased yields were in warm climates where cooler
soils would be expected to benefit yields; Cline et al. were in Kentucky and Murphy and
his colleagues were researching in Texas. Furthermore, the fact that the reflective mulch
in the present study was hand applied, whereas the black mulch was laid using a tractor
implement may have reduced the tightness of the mulch. This can lessen the soil
warming capabilities of the mulch even further. My observation was that the reflective
mulch was not flapping in the wind or noticeably loose, however, the difference in
application may have impacted the results. Ideally, soil temperatures would have been
monitored throughout the season to allow better analysis of the decrease in yield in the
reflective mulch plots.

Cucumber Beetles
Early-season beetle counts revealed populations slightly above the 1 beetle per
plant threshold in all treatments, whereas the sticky trap population estimates only exceed
the threshold in control and row cover plots on 14 July and in control plots on 11 August.
Such a reduction in late season beetle population is at odds with several other studies
(Bach 1980; Cline et al. 2008). This decrease is likely a measurement artifact, due to
close spacing of traps (1 per 9.3 m2) and the lack of a reliable conversion to beetles per
plant for cucumbers. An improvement to this experimental design would include beetle
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traps in addition to beetle counts early in the season, to explore how count: trap
correlations for cucumbers compare to conversions published for squash and
muskmelons.

Confounding factors
As with any field research, this comparison of organic treatments for striped
cucumber beetles shows results for one particular soil and weather pattern. The rich,
organic soils at the site offer benefits and challenges different from more typical mineral
soils. More importantly, an extreme 10.7 cm (4.15”) rainfall on 19 June forced me to
abandon the second block of cucumber plots and saturated soils in the remaining block.
Some row covers were blown off or removed to cut the mulch and allow soil moisture to
escape. Extrapolation to other sites or more typical rainfall can be done, but only with
recognition of the limits of this study.
The cucumber variety used may also make extrapolation to other crops and
varieties difficult. Since Olympian cucumbers are resistant to many diseases, varieties
more prone to these diseases may show different yield impacts. Since this gynoecious
variety contains 10% non-Olympian seeds for pollination, an uneven ratio of female
Olympian plants and male pollinators may have grown in the different plots. The seeds
were sold as an unlabeled mixture, and I was unaware of the pollinator seeds until after
the research was conducted.
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Statistical analysis
Statistically significant impacts were difficult to prove in this study. The low
number of plots reduced the power of our data leading to type II errors. Thus,
economically-important differences may have been shown to be statistically insignificant.
Control plots so near to treatment plots interfered with the treatments because cucumber
beetles are highly mobile. Edge effects on plant physiology showed a large impact on
yields that could have blurred treatment effects. Ideally, separation of at least 30 m (98
ft.) would buffer the impacts of control plots and alternate treatments on separate plots
and subplots. Furthermore, buffer plantings of one row of cucumbers would surround the
experimental plot and be maintained in the same manner as that plot.

Adoption by farmers
Trials of promising organic pest control methods on commercial farms will help
to predict barriers to acceptance by farmers. Cavanaugh et al. (2009) presented a model
for such farmer-researcher collaborations, including use of multiple farm fields regardless
of shape and surveying farmers for their input on the “effectiveness, usability, cost (and)
impact on yield.” Not only does this assist researchers by expanding research replicates,
farmers are more likely to adopt a new system that they or their neighbors have tried, the
ultimate goal of applied agricultural research. It will only be in collaboration with
farmers that commonly-accepted solutions for striped cucumber beetles will be found.
When promising treatments for pest problems are found, they can be shared with
organic farmers in conferences, webinars, articles in trade magazines and at field days.
Organic certifiers have not, as yet, played a large role in disseminating such information
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to growers, but some are beginning to archive pest control techniques on their websites.
Other internet sites, such as ATTRA, New Farm and state university extension websites
can offer such information as well.

Management Implications
This study indicates that row covers are an effective way to control striped
cucumber beetles in organic cucumbers in Michigan. Since beetle populations and
disease were unaffected after row cover removal, use of compost tea from row cover
removal until first harvest may confer additional disease protection. Reflective mulch
may be useful for deterring beetles and increasing yields in very warm climates, but it is
not recommended for cucumbers in Michigan as it reduced yield in this study.
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Table 2.1: Methods and data collection to evaluate striped cucumber beetle
treatments in cucumbers in Ottawa County, Michigan

Date

Activity

5/20/2009

Plant Olympian cucumber seeds

5/25/2009

Rotovate cucumber bed, set drip irrigation and black plastic mulch

5/24/2009

Germination of most seeds

5/31/2009

Set reflective plastic mulch

5/31/2009

First true leaves

6/3/2009

One striped cucumber beetle spotted in greenhouse and killed

6/5/2009

Plants moved out of greenhouse to harden off; protect 1/3 with row cover

6/5/2009

Weather monitoring station set up

6/9/2009

Transplant cucumbers into field and covered row cover plots

6/12/2009

First compost tea spray, repeated weekly until 7/9

6/14/2009

First cucumber beetle count, repeated on 6/28 and 7/5

6/19/2009

10.7 cm (4.2”) rain floods site 2

6/26/2009

Cucumber flower spotted, floating row cover removed

7/12/2009

Sticky traps set in each subplot for 48 hours, repeated weekly until 8/9

7/12/2009

Bacterial wilt infection counted and removed; repeated 7/19 and 7/26

7/14/2009

First harvest, repeated 2-3 times per week for 13 total harvests

8/17/2009

Final harvest
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Table 2.2: Treatments for striped cucumber beetles in cucumbers

Treatment

Description

Row cover

Thin fabric to exclude pests; creates a warm microclimate

Compost tea

A spray to colonize crops with beneficial microbes;
Grown in aerated water infused with worm compost

Reflective plastic mulch

Plastic on the soil surface that reflects light to interfere
with striped cucumber beetles’ ability to locate host plants
Reflective mulch increases soil temperatures less than
black mulch

Black plastic mulch

Similar to reflective mulch, commonly used by farmers
Used here as a control to compare to reflective mulch
subplots
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Row 1
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Row 3
Compost
Tea
Replicate 1
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Row
Cover

Compost
Tea
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Cover

Compost
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Control
Replicate 2

Row
Cover
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Compost
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Control
HOBO 2
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Cover
Replicate 3

Compost
Tea

Control
HOBO 1

Row
Cover
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Cover

Compost
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Control
Replicate 4

Row
Cover

Compost
Tea

Control

Reflective mulch
Black mulch
Figure 2.1: Randomized plots comparing organic treatments for striped cucumber
beetles in Ottawa County, Michigan. Each subplot is 3.8 m long and 2 m wide, for a
total of three 30.5 m (100 ft.) long rows. A single row of cucumbers is planted down the
middle of each row, as shown with a dotted line. Not to scale.
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Figure 2.2: Daily rainfall at field site of 2009 cucumber experiment. Rainfall was
measured in a wedge-style graduated rain gauge in the center of plot 202A.
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a
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STICKY TRAP DATA

Figure 2.3: Striped cucumber beetle population response to various pest controls.
Beetle population change over the season. Degree day predictions based on Ellers-Kirk
& Fleischer (2006) using offsite weather data before 5 June 2009 and onsite weather
monitoring after 5 June. Letters indicate significant differences between mean beetle
populations enumerated in one week, as tested by a three-factor split plot ANOVA.
Beetle trapping data is converted to beetles per plant using the 20 beetles per trap = 1
beetle per plant conversion set by Lam (2007) in muskmelons.
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2.5

7/21: Degree day prediction
of 2nd generation adult beetle

Beetles/plant

2

1.5

black

1

reflective

0.5

0

Hand counts

Sticky trap data

Figure 2.4: Striped cucumber beetle population on black and reflective plastic
mulch in cucumber subplots. Beetle population change over the season. Degree day
predictions based on Ellers-Kirk & Fleischer (2006) using offsite weather data before 5
June 2009 and onsite weather monitoring after 5 June. No significant differences were
found in a three-factor split plot ANOVA. Beetle trapping data is converted to beetles
per plant using the 20 beetles per trap = 1 beetle per plant conversion set by Lam (2007)
in muskmelons.
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Figure 2.5: Bacterial wilt infection rates using various treatments for its vector,
striped cucumber beetles (A) Total number of infected plants in main plots over the
entire season (B) Total number of infected plants in subplots was divided by 1.5 to allow
standard comparison to main plots with different total row length.
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Figure 2.6: Mean cucumber yield ± SE per 30.5 m (100 ft.) using various
treatments for striped cucumber beetles (A) Marketable cucumber yield in main plots
(B) Marketable cucumber yield in subplots (C) Number of unmarketable cucumbers in
main plots (D) Number of unmarketable cucumbers in subplots. No statistically
significant differences were identified using a three-factor split-plot ANOVA.
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Figure 2.7: Marketable cucumber yields per 30.5 m (100 ft.) row over harvest
season. Number of cucumbers harvested from all plots on each harvest date. Row cover
yields were significantly higher than in control plots on the second harvest week, 21-24
July.
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Figure 2.8: Mean leaf number in cucumber plants is affected by various treatments
for A. vittata (A) Mean leaf number in main plots (B) Mean leaf number in subplots.
Leaf numbers were counted on 28 June. Letters indicate significant differences in the
number of leaves per plant using a three-factor split plot ANOVA.
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CHAPTER III

ECONOMIC ANALYSIS

Introduction
Economic analysis of agricultural research offers insights into the benefit of new
agricultural methods that cannot be revealed by statistics alone. Typically, researchers
employ partial budget analysis, systemic analysis and enterprise budgeting. Partial
budget analysis compares new agricultural methods by isolating unique costs and benefits
of a new treatment compared to a control (Olha et al. 2008; Dalsted & Gutierrez 2007).
Partial budgeting can also determine a break-even point, such as the pay-off time for
equipment or the production level that will cover the cost of a new technique (Berry
1972). There are also many applications for systemic analysis, such as computing risks
of profits falling below a profit threshold under certain conditions (Rojas et al. 2011).
Systemic analysis also allows for calculation of optimistic, typical and pessimistic yields,
often set at 100%, 80% and 60% of experimental yields, respectively (Kelly et al. 1995).
Input-output analysis and enterprise budgeting both examine the profitability of a
particular crop while integrating costs to the crop with the economic nuances of a
particular farm, such as debt payments that need to be funded by that crop.
In this section, I will assess the profitability of row covers, compost tea and
reflective mulch to control striped cucumber beetles in organic cucumbers. Labor and
supply costs and impacts upon sale income at my own farm will be assessed.
Furthermore, impacts that may be expected for other farms will be discussed.
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Methods
This economic analysis is part of a study comparing impacts of row covers,
compost tea and reflective mulch on striped cucumber beetles and cucumber yield. A
complete description of the experimental design, data collection and non-economic
results can be found in Section 2. Briefly, Olympia cucumbers were grown on an organic
farm in Ottawa County, Michigan. I randomly assigned treatments to a split-plot design
which contained 12 plots, each split into two subplots. Data was collected on weather,
plant growth, striped cucumber beetle population, bacterial wilt rates and marketable and
unmarketable yield,
As part of the research described above, I also recorded farmer time and costs for
each treatment. All expenses can be seen in Table 3.1. Total transplanting time for 300
row feet was 2 hours for 3 people, of which 2 people spent ½ hour setting out row cover
for 30.5 m (100 ft.) of row length. Mix and spray times for compost tea applications
involved initial setup and purchase of supplies that took 1.5 hours. The 5 weekly
applications each took 15 minutes for set-up time and 45 minutes for spraying. This
information was multiplied by a labor hour cost of $9 per hour (wages + taxes) and added
to the cost of supplies to determine the cost per foot for each treatment type.

Results
In this study, total sales per 30.5 m (100 row ft.) were $645 for control plots
compared to $764.25 for row cover plots and $684 for compost tea. Reflective mulch
actually reduced marketable yield, with gross sales of $689.25 compared to $705.75
when black plastic mulch was used. Row covers increased marketable yield by 18.5%
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compared to control plots, while compost tea use led to a 6% increase over controls.
Reflective mulch subplots decreased yield by 2.3% compared to black plastic mulch.
Partial budget analysis for each treatment is shown in Table 3.2. Use of row
covers led to $98.09 more income per 30.5 m (100 row ft.) of cucumbers compared to
control plots. Although compost tea increased sales by $39, labor and supply costs
exceeded the sales increase which resulted in a profit reduction of $37.33. Use of
reflective mulch lowered gross income by $17.67 per 30.5 m compared to black mulch,
including $16.50 in lower sales and a slightly higher price for reflective mulch.

Discussion
In this study, partial budget analysis revealed that row covers removed at first
flowering were substantially more profitable than the control plots or either of our other
treatments, as shown in Table 3.2 . This $98.09 increase in profits assumes labor costs of
$9 per hour (including taxes) for row cover setup and removal and cucumber prices at
75¢ each. Profit impacts with row covers were correlated with significantly increased
plant growth (p=.006), despite a lack of protection from bacterial wilt.
Compost tea did not increase profits at my farm, due to labor requirements and
equipment costs which overcame the small increase in marketable yield. Assuming 5
spray dates at 1 hour each and 1.5 hours of initial setup, profits using compost tea
declined by $19.50 per 30.5 m (100 ft.) without any supply costs. Adding in supplies
expensed over 5 years, a total of $37.33 is lost per 30.5 m (100 ft.) with compost tea.
Compost tea may prove more profitable on a very large scale where tractor-pulled spray
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booms are used or if used in the short time between row cover removal and onset of
harvest. Improvement of compost tea production methods and quality may also lead to
more profitable results. Nonetheless, it is unlikely that small-scale farmers would see a
boost in profits with compost tea in cucumbers, unless labor costs were below minimum
wage and equipment costs were near zero. Compost tea may be a profitable choice for
regions or crops with higher losses to bacterial wilt or other diseases, for more profitable
crops or for farmers using wide spray booms.
Reflective mulch was not profitable at my site, likely due to changes in plant
growth and lower soil temperatures than were found in the black plastic mulch. Plant
form was affected in young plants in which leaves were downward facing toward the
bright light of the reflective mulch, as shown in Appendix A2. This did not affect the
number of leaves per plant, but may have lowered marketable yields. Likewise, lower
soil temperatures under reflective plastic mulch may have reduced marketable yields
compared to black plastic mulch.
Sale prices and labor costs vary seasonally and geographically, so we have
developed a decision-making chart to assist farmers in determining if row covers would
be profitable, shown in Table 3.3 . The simplicity of this comparison is a real benefit, but
other factors may prove important which cannot easily be incorporated into the model.
Therefore, we have included more in-depth evaluation of profit where variations in yield,
sale price or climate may affect profitability in the following paragraphs.
Because the experiments were performed on very productive Carlisle muck soils,
we could assume that our yields are optimal and extrapolate a similar level of benefit to
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less productive farms or seasons using very simple systemic analysis. Typical
marketable yields may be closer to 80% of yields recorded in this study, while
pessimistic yields due to poor soils, weather or management may be just 60% of what is
shown here (Kelly et al. 1995). In the “typical” scenario, costs would remain fixed and
sales would be reduced. Still, row covers could be expected to boost profits by $74.24
compared to control plots, as shown in Table 3.4. The economic return of row covers in
the pessimistic scenario was $50.39. If the benefit of row covers in a poor season
remains proportional to the level seen in our study, the break-even point for row covers
would occur at a total sales volume of $135.61 per 100 row foot, as shown in Figure 3.1.
This equates to just 17.7% of the sales volume seen in our study. All other treatments
would be less profitable than the control plot at optimistic, typical and pessimistic yield
levels.
Variable sale prices can be evaluated in a similar fashion, as shown in the partial
budget analysis in Table 3.5. My farm’s sale price of 75¢ ($1.35/lb.) for organic directto-consumer cucumbers was within a few cents of organic wholesale prices averaging
$1.38/lb. and retail prices averaging 80¢ each listed by MOFGA (Pillsbury 2011). Thus,
row covers would be a benefit for growers marketing their organic cucumbers wholesale
or direct-to-consumer. The apparent parity in wholesale and direct-to-consumer prices
for organic cucumbers led us to evaluate the profitability of row covers for
conventionally-grown cucumbers sold at common direct-to-consumer prices and
wholesale prices. My observations at the Fulton St. Farmer’s Market in Grand Rapids,
Michigan indicate a common sale price of 33 - 50¢ each for conventionally-grown
cucumbers and we chose to evaluate the lower end of this range, 33¢ per cucumber,
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which would equate to approximately 59¢/lb. The USDA Economic Research Service
cucumber price average for the peak season of 2009 (the 2nd and 3rd quarter) were 24¢/lb.
which would equate to about 13¢ each (Lucier & Glaser 2010). Wholesale marketing of
conventional cucumbers is essentially at the break-even point, with just 4¢ of added profit
per 30.5 m (100 ft.) row. Thus, conventional growers would likely need the higher prices
found in direct-to-consumer sales to justify using row covers.
The economic benefits that were observed with row covers in the present study
were in direct contrast to two studies that found no economic benefit or reduction in
bacterial wilt by removing row covers at anthesis in muskmelons and cucumbers (Rojas
et al. 2011; Nordell & Nordell 2010). Rojas et al. (2011) found that opening row cover
ends at flowering and then removing row covers entirely 10 days later increased profit if
bacterial wilt affected muskmelons at least10 years out of 20. This systemic analysis was
possible, because the researchers experienced one year of three with (1) no bacterial wilt
and (2) no cucumber beetles on sticky traps until 10 days after first flowering. Similarly,
on-farm researchers in Pennsylvania grew cucumbers in a hoophouse covered with
Proteknet, a fine mesh with less heat accumulation than row covers (Nordell & Nordell
2010). Their yield of 1246 marketable cucumbers per 102 row feet compared to just 463
marketable cucumbers from a 72’ row grown with row cover removed at flowering
(ibid.). Further research on delayed row cover removal or full-season mesh protection for
cucumbers in west Michigan may reveal an even more profitable control for cucumber
beetles and disease. For farmers growing parthenocarpic cucumber varieties which
require no pollination, leaving row covers on 10 days past flowering would not even
require opening row cover ends. Row covers could be left until harvest began.
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Differences in geography, climate and pest pressure may lead to different results
in other regions. For example, where squash bugs (Anasa tristis) are also present, pest
exclusion until first flower may not benefit yield, because this pest can cause severe
damage even late in the season. Furthermore, the direct impact of pest exclusion cannot
be isolated from yield impacts of creating a favorable microclimate by row covers in the
current study. The accelerated accumulation of heat units under row covers hastens plant
growth by multiple parameters, including the significant increase in leaf number shown
in the present study (Soltani et al. 1995). In regions with very high temperatures, the
increase in temperatures may exceed the tolerance of “heat-loving” crops, such as
cucumbers and act in opposition to the positive effects of pest exclusion, as in Rojas et al.
(2011). Hotter climates may also show greater benefit with reflective mulch, which does
not elevate soil temperatures as much as black plastic mulch.
Variability in profit may be more problematic to cash-flow and business viability
for one farm, while gross profit is most important for another (Lu et al. 1999; Kelly et al.
1995). For example, a farmer who specializes in cucumbers may not be able to withstand
one or two consecutive years of losses due to bacterial wilt. This farmer may set a
“safety-first criterion” whereby steady annual profits of a set amount would be ensured in
9 years of 10, for example (Kelly et al. 1995). In contrast, a farmer with diverse
plantings that are not all susceptible to bacterial wilt may be better able to absorb
occasional losses on a particular crop and could choose growing methods that involve
more risk but mean more total profits over a decade. Unfortunately, our study could only
be conducted for one year, making systemic analysis of the best course of action for the
two hypothetical farmers impossible to determine from our data set.
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Management Implications
This study indicates that row covers removed at flowering are a profitable way to
control striped cucumber beetles in organic cucumbers in Michigan. Since beetle
populations and disease were unaffected after row cover removal, use of compost tea
from row cover removal until first harvest may confer additional disease protection at
little added cost. Nonetheless, using compost tea weekly from transplant to first harvest
was too expensive to justify the small increase in yields. Reflective mulch may be
profitable in other crops or climates , but is not recommended for cucumbers in Michigan
as it reduced yield in this study.
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Table 3.1: Expense list for experiment including 183 m (600 ft.) of cucumber plots*
6/7/2009
5/14/09
6/7/09
6/7/09
5/22/09
5/22/09
4/2/09
3/20/09
7/2/09
6/15/09

Bolt cutter for cutting hoops
300 staples for floating row cover
Compost tea aerator, aquarium pump
Compost tea aerator, 5 gallon bucket
Compost, catalyst, booster + $50 shipping
Plastic mulch, black, 4' X 1000'
Plastic mulch, reflective, 60" X 2400' + shipping
Seed, Olympia cucumber
Compost potting soil mix for starting cucumbers in greenhouse
(25% of 1.5 yard bag)
Sticky traps for cucumber beetles
Cord to download photographs into computer

19.98
77.60
23.27
6.47
115.90
58.72
169.00
19.42

TOTAL COSTS

743.04

35.63
189.50
27.55

* Labor costs from a partial budget analysis of treatment types totaled $83.50. Labor
expense for transplanting was $90. Labor time for harvesting, weeding and bed
preparation that were not a unique aspect of a specific treatment were not recorded.
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Table 3.2: Partial budget analysis of organic controls for striped cucumber beetles
in cucumbers
_______________________________________________________________________
Row Covers*
Compost Tea§
Reflective
ǂ
Mulch
A. Negative effects:
Added costs - labor
$ ___7.50___
$ __58.50___
$ _________
Added costs - supplies
$ __13.66___
$ __17.83___
$ ___1.17__
Reduced returns
$ __________
$ _________
$ __16.50__
Total negative effects
$ __21.16___
$ __76.33___
$ __17.67__
B. Positive effects:
Reduced costs
Added returns
Total positive effects

$ __________
$ _119.25___
$ _119.25___

$ _________
$ __39.00___
$ __39.00___

$ _________
$ _________
$ _________

C. Total effects: + or (-)
$ _+ 98.09__
$ _(-37.33)__
$ _(-17.67)_
________________________________________________________________________
*Row cover supply costs: $3.68/year for 14 metal hoops cut to ~63” over 3 years (Coiled
row cover, #9 wire, 550’; Johnny’s Seeds; Winslow, ME); $2.59/year for 30 staples over
3 years (Re-pins, box of 300; Johnny’s Seeds). Row cover at $7.39/year over 1 year
although reuse for 2 – 3 years is common. (6’X250’ overwinter fabric, BFG Supply Co.;
Jenison, MI). Labor costs at $9/hr.
§ Compost tea supply costs: 5 spray dates at 1 hour each and 1.5 hour of initial setup. All
supplies were expensed over 5 years, including an aquarium pump at $4.65/year and
compost tea kit with worm compost, kelp and mycorrhizae at $13.18/year (Morgan
Composting, Sears, MI). Labor costs at $9/hr.
ǂ Reflective mulch supply costs assume the $1.17 difference between black plastic mulch
and reflective mulch per 30 m. Labor costs at $9/hr.
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Table 3.3: Added profitability per 30.5 m (100 ft.) of cucumbers using row covers
Row cover*: ( _____ X 159) minus ( _____ X 0.833) minus ($13.66) = Net added profit
Sale price Yield

labor cost Set up

Supply

compared to

per fruit

per hour

cost*

control

increase

time

*Row cover supply costs: $3.68/year for 14 metal hoops cut to ~63” over 3 years (Coiled
row cover, #9 wire, 550’; Johnny’s Seeds; Winslow, ME); $2.59/year for 30 staples over
3 years (Re-pins, box of 300; Johnny’s Seeds). Row cover at $7.39/year over 1 year
although reuse for 2 – 3 years is common. (6’X250’ overwinter fabric, BFG Supply Co.;
Jenison, MI).
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Table 3.4: Partial budget analysis of row covers for controlling striped cucumber
beetles in cucumbers assuming optimistic, typical and pessimistic yields in a 30.5m
row*
______________________________________________________________________
Optimistic yield
Typical yield
Pessimistic yield
A. Negative effects:
Added costs - labor
Added costs - supplies
Reduced returns
Total negative effects

1.0 X experimental

0.80 X experimental 0.60 X experimental

$ ____7.50__
$ ___13.66__
$ __________
$ ___21.16__

$ ___7.50___
$ __13.66___
$ _________
$ __21.16___

$ ____7.50__
$ ___13.66__
$ _________
$ ___21.16__

B. Positive effects:
Reduced costs
Added returns
Total positive effects

$ __________
$ __119.25__
$ __119.25__

$ _________
$ __95.40___
$ __95.40___

$ _________
$ ___71.55__
$ ___71.55__

C. Total effects: + or (-)
$ _+ 98.09__
$ _+ 74.24__
$ _+ 50.39__
________________________________________________________________________
*Row cover supply costs: $3.68/year for 14 metal hoops cut to ~63” over 3 years (Coiled
row cover, #9 wire, 550’; Johnny’s Seeds; Winslow, ME); $2.59/year for 30 staples over
3 years (Re-pins, box of 300; Johnny’s Seeds). Row cover at $7.39/year over 1 year
although reuse for 2 – 3 years is common. (6’X250’ overwinter fabric, BFG Supply Co.;
Jenison, MI). Labor costs at $9/hr.
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Table 3.5: Partial budget analysis of row covers for controlling striped cucumber
beetles in cucumbers with various prices in a 30.5m row
_______________________________________________________________________
ǂ
§
ɸ
High Price
Typical price
Low price
Organic
Conventional
Conventional
direct-to-consumer direct-to-consumer wholesale
75¢ each
33¢ each
13¢ each
($1.35/lb.)
(59¢/lb)
(24¢/lb.)
A. Negative effects:
Added costs - labor
$ ____7.50__
$ ___7.50___
$ ____7.50__
Added costs - supplies
$ ___13.66__
$ __13.66___
$ ___13.66__
Reduced returns
$ __________
$ _________
$ _________
Total negative effects
$ ___21.16__
$ __21.16___
$ ___21.16__
B. Positive effects:
Reduced costs
Added returns
Total positive effects

$ __________
$ __119.25__
$ __119.25__

$ _________
$ __52.47___
$ __52.47___

$ _________
$ ___21.20__
$ ___21.20__

C. Total effects: + or (-)
$ _+ 98.09__
$ _+ 31.31__
$ __+ 0.04__
________________________________________________________________________
ɸ

High price is based on sale price at farmers’ market and to wholesale accounts for

Groundswell Farm from 2009-2011. Similar prices of $1.38/lb. for wholesale organic
cucumbers and 80¢ each for retail are listed by MOFGA (Pillsbury 2011) from surveys of
organic farmers in Maine.
ǂ Typical price is based on conventional direct-to-consumer sale prices observed at the
Fulton St. Farmers’ Market in Grand Rapids, MI during the 2011 peak cucumber season.
§ Low price is based on average 2nd and 3rd quarter prices for wholesale conventional
cucumbers in 2009 from the USDA-ERS (Lucier & Glaser 2010).
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Figure 3.1: Break-even analysis for using row covers in cucumbers,
assuming a 30.5 m (100 ft.) row. Sales of $135.61 per 30.5 m (100 ft.) row
would cover the costs for materials and labor to use row covers.
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APPENDIX A
Photographs of research in progress and samples of marketable and unmarketable
cucumbers
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Appendix A1: Experimental Block 2, viewed from the north, which would be nearest
to Replicate 1 as shown in Figure 2.1. Drip irrigation lines are visible in black at the
bottom of the photo. Black and reflective mulch and row covers are visible on the
appropriate plots.
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Appendix A2: Flood-damaged leaves in Block 2. Although these plants did eventually
produce cucumbers, data from this site would have been confounded by the stress of the
flood and the mud-coated leaves throughout the remainder of the season. Furthermore,
none of the cucumbers were marketable, due to risk of contamination from the flood
residue.
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Appendix A3: Sticky trap placement in block 1, as seen from the south (nearest to
replicate 4 in Figure 2.1).
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A

B

C

D

Appendix A4: Examples of unmarketable and marketable cucumbers. (A)
Excessively curved or lumpy (B) Pinched ends (C) Damage to fruit due to beetle chewing
(D) Marketable cucumbers
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Appendix A5: Increased growth rate under row covers (at right) compared to a plot
with reflective mulch and compost tea (at left). Photos were taken on 29 June 2009.
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Appendix A6: Downward-facing leaf growth in young transplants on reflective
mulch.
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