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ABSTRACT
The production of most cucurbit crops in the Northeastern U.S. uses polyethylene mulch
on raised beds with drip irrigation, or a plasticulture system. While the use of plasticulture
systems decreases weed pressure, and increases soil temperatures, typically resulting in increased
yields, disadvantages include plastic disposal issues and costs, and soil degradation due to the
intensive tillage required for installation. Strip tillage systems have been shown to decrease soil
erosion, increase soil moisture retention and increase soil microbial communities. In conventional
production, the use of spunbonded polypropylene row cover shows potential to replace the use of
neonicotinoids, the common early season control method for insect pests of cucurbits. These row
covers have been shown to control early season striped cucumber beetle (Acalymma vittatum )
populations, therefore decreasing the incidence of bacterial wilt caused by Erwinia tracheiphila.
In organic production, the use of row covers can decrease early season pest pressure, being an
alternative to expensive and largely ineffective approved insecticides. Research was conducted
during the 2013-14 growing seasons at The Pennsylvania State University’s Russell E. Larson
Research and Education Center in Rock Springs, PA to investigate these production practices.
Plasticulture and strip tillage systems were compared with and without row covers in four
separate experiments: conventionally managed summer squash (Cucurbita pepo ‘Lioness’),
conventional muskmelon (Cucumis melo ‘Athena’), organic summer squash, and organic
muskmelon. Soil moisture levels, air and soil temperatures, soil nitrate levels, light intensity at the
plant canopy, weed densities, striped cucumber beetle (Acalymma vittatum) populations,
incidence of bacterial wilt, and crop yields were measured. Plants grown in the strip tillage
system generally had lower yields than in the plasticulture system in both years. Numerically
higher soil moisture levels were observed in the strip tillage system during the 2013 season but no
differences were observed in 2014. Row covers resulted in larger plants and generally resulted in
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equal or higher yields when compared to not using row covers within all systems. Late timing of
row cover removal may have negatively affected summer squash yields in the plasticulture
system. The use of row covers allowed for the elimination of neonicotinoid application in
conventional trials and fewer insecticide applications required in organic treatments with no
increase in pest pressure or incidence of bacterial wilt, although there was low incidence of
bacterial wilt in both years of the experiments. Lower yields in the strip tillage system observed
in the muskmelon experiment and in the majority of the summer squash experiments were beyond
acceptable levels. This research found that decreased soil temperatures, high weed pressure, and
dramatically lower yields in the strip tillage system limit the successful use of this system for
these crops. Although economic analysis was not conducted, this research showed that row
covers are a viable production alternative to the use of neonicotinoids in conventional production
systems. In organic trials, row covers reduced the need for early season insecticide applications
and protected plants when they are most susceptible to pest damage.
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Chapter 1

Literature Review

1.1 Introduction
Recent increases in demand for local produce have created many opportunities for
vegetable growers across the United States. Much of this increased demand has been for
sustainably produced, fresh vegetables. Sales of organic food in the United States rose from $11
billion in 2004 to approximately $27 billion in 2012, accounting for 3.5% of the total U.S. food
sales in that year (ERS, 2013). The Cucurbitaceae family, which includes watermelon (Citrullus
lanatus), cucumbers (Cucumis sativus), muskmelon (Cucumis melo), pumpkin (Cucurbita
maxima), and summer and winter squash (Cucurbita sp.), are grown on approximately 267,000
acres in the eastern half of the U.S (NASS, 2012). As concern grows over contamination of
waterways and decline of pollinator species populations, conventional and organic growers are
searching out sustainable production techniques that maintain the profitability and environmental
viability of their farms while taking advantage of the growing market.
Cucurbit growers often face large economic losses due to the many insect and disease
pests of most cucurbit crops. In the Northeastern U.S. the striped cucumber beetle (Acalymma
vittatum) is the pest of primary economic concern in most cucurbits, as it is a main vector of
Erwinia tracheiphila, which causes bacterial wilt (Cavanagh et al., 2009). Cucurbit pests are
commonly controlled with the use of chemical pesticides. Many of these frequently used
pesticides have been linked to declines in insect pollinator species populations (Godfray et al.,
2014; Fairbrother et al., 2014), reductions in soil microbial communities (Riah et al., 2014; Zhang
et al., 2014), and surface water pollution (Dalton et al., 2014). Pesticides that are permitted for
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use in organic production are expensive and largely ineffective against pests of cucurbits (Cline et
al., 2008; Pedersen and Godfrey, 2011).
In addition to these pesticide caused environmental problems, polyethylene mulches are
commonly utilized for the production of many cucurbit crops. In the Northeastern U.S. black
plastic mulches are primarily used to decrease weed pressure and increase soil temperatures,
therefore increasing yields. These non-degradable polymers are used on an estimated 185,000
acres per year in the U.S. (Miles et al., 2005). This equates to 625,000 tons of plastic mulches
entering U.S. landfills annually (Kyrikou and Briassoulis, 2007). The installation of plastic
mulches requires intensive tillage that leads to the degradation of many soil properties such as
water stable aggregates, microbial populations, and organic matter content (Overstreet et al.,
2010; Parr et al., 2014; Schipanski et al., 2014) leaving the soil prone to erosion (Zhou et al.,
2009).
In order for growers to continue to meet the increasing market demand using ecologically
sound methods, new growing techniques will have to be implemented. Many ecologically
beneficial production practices, such as strip tillage for vegetable production, are currently
available but adoption has been slow, partially due to the lack of research. Other practices, such
as the implementation of spunbonded polypropylene floating row covers, are currently being
utilized by many small scale vegetable growers for the management of certain pests, in turn
reducing pesticide use (Rekika et al., 2008), but this practice has primarily only been adopted for
use in organic production. Despite this current trend, the use of row covers shows the potential to
replace the use of neonicotinoids for early season control of insect pests of cucurbits in
conventional production. Row cover use could not only reduce the use of this environmentally
costly insecticide, but also increase yields of many cucurbit crops (Bonanno et al., 1987;
Hernandez, 2013; Ibarra et al., 2001; Rojas et al., 2011; Soltani et al., 1995), yet this data is
primarily from row cover use in fields prepared with plastic mulch or on bare soil.
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The use of strip tillage increases soil aggregate stability, soil pore continuity (Jabro et al.,
2011), beneficial nematode and earthworm populations (Overstreet et al., 2010), and arbuscular
mycorrhizal populations compared to full width tillage systems (Liu et al., 2014; Schipanski et
al., 2014). These beneficial soil physical and biological properties are seen while producing
comparable yields and equal or higher profits for many agronomic and some horticultural crops
compared to bare ground production systems (Brainard et al., 2013; Overstreet et al., 2010).
Extensive research has been conducted on the productivity of many horticultural crops produced
in a strip tillage system as compared to bare soil production, however, the production of many of
these crops in the Northeastern U.S. is commonly done with in a plasticulture system comprised
of black plastic mulch on raised beds (Miles et al., 2005).
Finding crops that are comparably productive in strip tillage systems and plasticulture
systems will lead to the ability of growers to take advantage of the increasing demand for
sustainably grown produce while improving the environmental viability of farms. Additional
environmental benefits could be the reduction of pest pressure through the use of row covers,
which can reduce the use of expensive and environmentally detrimental pesticides, while
increasing yields. There are more than 40,000 cucurbit growers in the Eastern half of the U.S.
(NASS, 2012) who could benefit from the use of these practices.
This systems based study focused on four production systems, namely, the production of
organically managed summer squash (Cucurbita sp.), conventional summer squash, organically
managed muskmelon (Cucumis sp.), and conventional muskmelon. The four experiments were
designed to quantify the productivity and environmental impact between a black plastic mulch
system and a strip tillage system, being the first time we are aware that this comparison has been
made. Within both of these treatments the use and exclusion of row covers was compared for its
efficacy in managing the striped cucumber beetle and incidence of bacterial wilt, as well as their
impact on yields.
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1.2 Plastic Mulch Background
Modern vegetable production relies heavily on polyethylene polymer based plastic
mulches. In 1999, an estimated 30 million acres of agricultural land was covered in these plastics,
185,000 of those acres in the U.S. (Kasirajan and Ngouajio, 2013). The high level of use and
increasing adoption rate (Miles et al., 2005) is due to several advantages seen from the use of
plastic mulches.
The use of these plastics leads to 64-99% decreases in weed seedling emergence (Egley,
1983). This reduction is due to exclusion of sunlight, solarization of weed seeds, and the inability
of most weeds to grow through the plastic (Berger et al., 2013; Miles et al., 2005). Plastic
mulches are the most effective weed management tool available to organic growers, and have
significantly reduced the amount of herbicide needed in conventional production settings
(Kasirajan and Ngouajio, 2013).
Black plastic mulches increase soil temperatures by up to 3°C (Yaghi et al., 2013).
Warmer soils allow for a longer growing season, lead to increased nutrient availability, enhance
nutrient uptake by plant roots, increased soil microorganism populations, and increases in plant
germination and growth (Berger et al., 2013; Leib et al., 2000; Soltani et al., 1995). The increase
in crop plant growth typically translates to increased yields (Berger et al., 2013; Bonanno and
Lamont, 1987; Leib et al., 2000; Soltani et al., 1995; Witwer, 1993).
Plastic mulches also improve crop quality by minimizing soil to fruit contact. This leads
to cleaner, more marketable fruit. The barrier that is formed between the soil and the plant also
leads to decreased soil splashing onto the foliage, decreasing the movement of soil borne plant
pathogens.
Despite these advantages, there are several environmental and economic drawbacks to the
use of plastic mulches including the disposal of this non-degradable material. Plastic mulch is
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typically used for only one growing season, after which the plastic is removed from the field and
disposed of each year. Worldwide, an estimated 2-3 million tons of agricultural plastics are used
and disposed of annually (Houssain and Hammid ’03; Kyrikou and Briassoulis ’07). This has
serious environmental repercussions stemming from increased use of petroleum products for the
production of the plastics as well as the rapid filling of landfills around the world ( Kyrikou and
Briassoulis ’07).
A finely prepared soil is necessary for the successful installation of a plasticulture system.
Intensive soil tillage is typically performed prior to successfully forming a raised bed and
effectively securing the edges of the plastic. This is typically accomplished by cultivating the
field with a primary tillage implement such as a chisel plow or moldboard plow, followed by
cultivation with a secondary tillage implement, usually a rototiller. The process degrades labile
organic carbon (Kaiser et al., 2014), breaks up soil aggregates (Abdollahi and Munkholm, 2014;
Jabro et al., 2011) and decreases soil microbe populations by exposing them to drying conditions
(Kingery et al., 1996; Liu et al., 2014; Overstreet et al., 2010).
The degradation of organic matter and soil aggregates makes soil more prone to erosion.
To compound that problem, a field prepared with a plasticulture system is typically 40-70%
impervious to water from rainfall (Rodale Institute, 2014). This has shown to increase surface
runoff by 65% and greatly decrease water penetration into the soil (Ruidisch et al., 2013). Higher
amounts of surface runoff have shown to increase soil erosion amounts by as much as 80% in
plasticulture systems over bare soil treatments (Rodale Institute, 2014). As surface runoff occurs,
nutrients and pesticides are being washed away from fields into waterways. There is also less
rainwater being stored in the soil profile leading to lower soil moisture levels as compared to
fields with bare soils and those in conservation tillage (Bottenberg et al., 1999; Sun et al., 2014).
The reduced soil moisture level is typically compensated for by the use of drip irrigation in
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plasticulture systems. Plastic mulches decrease evaporation and can result in uniform soil
moisture levels under the mulch (Sanders, 2015).
When compared to bare soil and conservation tillage systems, plasticulture can reduce
mid-season labor requirements for weed management, however, additional time and labor is
required for field preparation, installation, and removal from the field. Compared to conservation
tillage, plasticulture requires at least two additional passes over the field for cultivation plus one
pass with the plastic layer. The cost for the plastic mulch material, installation, and retrieval of
the plastic ranges from $300.00-$700.00/A depending on material and between row spacing (PSU
Extension, 2014; Shrefler and Brandenberger, 2014). As a means of reducing input and
environmental costs and increasing soil physical properties in cucurbit production, an
investigation of conservation tillage techniques for their production was conducted.

1.3 Strip Tillage Background
Conservation tillage is the practice of direct seeding or transplanting a crop into existing
crop residue on the soil surface (Luna et al., 2011). Bosch et al. (2005) specifies that conservation
tillage is defined as having 30% or more of a field covered by residue from the previous crop.
Variations of conservation tillage include no-till, strip tillage, and ridge-tillage. No-till production
involves planting into existing crop residue without removing or incorporating any of the
residues. Strip tillage involves the cultivation of an 8-13 inch wide row for planting while leaving
between row areas undisturbed. Ridge tillage is the planting of row crops on 4 to 6 inches high
ridges, formed the year before planting, where crop residue is moved from the ridge tops to the
between row zone (Minnesota Department of Agriculture, 2014).
Conventional tillage or intensive tillage involves full inversion of soils and results in less
than 15% residue cover from the previous crop at the time of planting (Penn State Extension,
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2014). Conservation tillage practices have many advantages over conventional tillage. The most
significant advantage is the reduction in soil erosion. The crop residue left on the soil surface in
no-till and strip tillage systems acts as a physical barrier, absorbing the impact of rain drops on
the soil and holding soil in place, slowing surface runoff. Erosion can lead to nutrient and
pesticide loss from agricultural systems (Vymazal and Brezinova, 2014) while causing
degradation of downstream water and air quality by nitrogen and/or phosphorus loading and
sedimentation (Liu et al., 2014). In chisel plowed conventional tillage systems, soil losses as high
as 56.9 t/ha (Zhou et al., 2009) have been recorded in highly erodible agricultural soils.
Conservation tillage practices can decrease erosion by 90% in highly erodible landscapes (Zhou
et al., 2009). In a comparison of conservation tillage with conventional tillage, the reduced tillage
showed up to 58% reduction in surface water runoff, which led to a tenfold reduction in erosion
rates (Alliaume et al., 2014).
The use of conservation tillage increases soil moisture levels compared to conventional
tillage, which can lead to increased yields and/or a decreased need for irrigation in dry years
(Haramoto et al., 2012). Increased soil moisture levels have been attributed to high levels of
surface residue reducing direct sunlight on the soil surface. This shading of the soil surface also
results in decreased soil temperatures. Larney et al. (2003) showed differences of as much as 1.04.9°C between soils in no-till and conventional tillage fields. Decreased soil temperatures as a
result of conservation tillage can decrease development rates of crops and weeds (Licht and AlKaisi, 2005).
Historically, crop residue left on the soil surface in conservation tillage systems limited
the ability to use cultivation equipment making weed management a primary obstacle of success
with the system. The advent of suitable herbicides was the precursor for increased feasibility of
no-till operations (Unger and Baumhardt, 2001). The advancement in herbicide and cultivation
equipment have made conservation tillage a common practice for the production of many

8
conventionally grown agronomic crops (Unger and Baumhardt, 2001), accounting for 41.5% of
all U.S. agricultural land in 2008, totaling nearly 114 million acres (Conservation Technology,
2008). Advancements in weed management strategies are also increasing suitability for vegetable
production in these systems (Alliume et al., 2013; Brainard et al., 2013).
The use of conservation tillage for organic crop production is less common, primarily due
to the difficulty of weed management. Organic growers are dependent on cultivation as the
primary means of weed management. The presence of cover crop residues on the soil surface
makes this cultivation difficult if not impossible. Research on no-till field management for
organic wheat has shown equal yields to conventional wheat production (Halde et al., 2014) with
weed suppression primarily being a function of the wheat crop out competing the weeds. Wells et
al. (2014) showed high yields and weed suppression in organic no-till soybeans as a function of a
high biomass of a winter rye mulch followed by adequate canopy closure by the soybean crop.
Weed suppression for organic production of vegetables has shown mixed results as most
vegetables do not completely shade the soil (Brainard et al., 2013). In vegetable systems it is
important to incorporate multiple weed management practices including planting cover crops that
develop a high biomass, using cover crops that exude allelopathic compounds, selecting fields
with relatively low weed seed banks, encouraging insect seed predator species, and planting
vegetable crops that are more likely to out compete weeds (Brainard et al., 2013; Price et al.,
2013). Although the level of weed suppression in strip tillage is far lower than with the use of
plastic mulches, the integration of these multiple practices has shown the potential to reduce
populations of large seeded weed species over periods of one to two growing seasons, although
small seeded and rhizomatic weed species populations tend to increase in strip tillage systems
(Brainard et al., 2013).
Strip tillage has many advantages over no-till systems for the production of horticultural
crops. Strip tillage results in the loosening of compacted soils in row, leading to a better seed
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coverage or soil-to-root contact for transplants, with decreased early season weed competition in
strip tillage systems. Additionally, strip tillage allows for higher soil temperatures in the planting
row resulting in increased germination rates or plant growth rates (Licht and Al Kaisi, 2005). A
combination of the incorporation of applied fertilizers into the root zone and increased nitrogen
mineralization due to incorporation of cover crop material can result in increased plant available
nitrogen (PAN) for the crop (Bottenberg et al., 1999; Haramoto et al., 2011).
The practice of leaving crop residue between rows leads to increased infiltration of
rainwater as compared to plasticulture and bare soil systems, in turn increasing soil moisture
levels and decreasing irrigation requirements, particularly in dry seasons (Haramoto et al., 2012).
Adequate levels of crop residue act as a mulch against weeds. Additionally, if in-row banded
fertilizer applications are utilized, the low between-row fertility in combination with the cooler
soil temperatures and high levels of carbon rich material between rows decrease the availability
of nitrogen to weeds, in turn decreasing their growth (Haramoto et al., 2011).
PAN levels are greatly affected by crop residue management. When high levels of carbon
are added to soils, such as after a planting of winter rye, immobilization of mineral nitrogen
reduces PAN due to increased microbial activity (Kuo et al., 1996). Conversely, when crop
residues are incorporated into the soil while green, particularly nitrogen rich leguminous cover
crops, increased soil moisture levels, elevated soil temperatures, and the availability of newly
incorporated organic matter to soil microbes cause rapid nitrogen mineralization rates (Campiglia
et al., 2014). This mineralized nitrogen becomes plant available more rapidly when incorporated
than when left on the soil surface. When cover crop residues are not incorporated in conservation
tillage systems, soils are cooler and have elevated bulk density compared to tilled soils, while
organic material is exposed to drying sunlight on the soil surface. The combination of these
conditions have shown to provide lower PAN for crops (Brainard et al., 2013; Haramoto and
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Brainard, 2012; Kaiser et al., 2014), being a potential disadvantage for strip tillage systems as
compared to plasticulture.
The incorporation of a legume into a non-legume cover crop mix results in the release of
ammonia (NH3), which is rapidly available to plants without the need of microbial interaction.
This nitrogen is fixed by rhizobium bacteria through a symbiotic relationship with legumes.
When cover crop mixes that include cereal and legumes, or carbon and nitrogen rich crops are
used, nitrogen mineralization rates and availability are increasingly difficult to calculate. PAN
calculations are influenced by the variable amounts of nitrogen fixed by the leguminous crops and
the difficult to predict nitrogen tie-up and mineralization rate as a result of the carbon rich cereal
cover crops (Hayden et al., 2012).
No-till and strip tillage operations are being successfully utilized in conventional corn
and soybean operations. Corn and soybean grown in no-till and strip tillage systems in Iowa
frequently result in equal yields to conventionally tilled fields (Archer and Reicosky, 2009). In
addition to improved soil properties and higher yields, conservation tillage methods have shown
to be economically beneficial in corn production systems. Comparisons in western Oregon have
shown strip tillage to reduce total tillage costs by up to $38.50/ha and to reduce machinery
operating time by 0.59 hours/ha compared to conventional tillage (Luna and Staben, 2002).
Decreased time in field preparation results in reduced fuel consumption (Schnitkey and Lattz,
2006). This reduced time in labor, fuel, and wear on equipment can lead to an $85/ ha increase in
net returns for corn cropping systems (Archer and Reicosky, 2009).
Due to the many benefits realized from no-till and strip tillage systems in agronomic
cropping systems, these systems are also being utilized for horticultural crop production. Despite
the potential benefits of these practices for vegetable production, adoption has been slow because
studies of vegetable crop productivity in conservation tillage systems have shown mixed results
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and leave uncertainties about crop establishment, weed management, and impacts on yields (Luna
et al., 2012).
The productivity of vegetable crops in strip tillage systems varies widely by crop. Bell
peppers showed significantly lower yields and higher incidence of disease in strip tillage systems
as compared to conventional tillage (Delate et al., 2008). Significant yield reduction as a result of
using strip tillage has also been seen in snap beans (Bottenberg et al., 1999) and tomatoes
(Alliume et al., 2013), while Brainard and Noyes’ (2012) have reported higher carrot yields in a
strip tillage system when compared to conventional tillage. Higher yields have also been reported
for the production of tomatoes, cabbage, and cucumber grown under strip tillage (Haramoto and
Brainard, 2012, Mitchell et al., 2012, Wang and Ngouajio 2008). As a result of these varying
results for various crops, suitability of specific crops for production in a strip tillage systems
should be investigated on a species by species basis.
There are many aspects of vegetable crop production in strip tillage systems that could
decrease economic, environmental, and labor costs. There are also many aspects of this system
that could negatively impact yields of certain crops. While little research is available on the
productivity of muskmelon nor summer squash in strip tillage systems, we have found no
comparisons of strip-tillage systems to plasticulture systems. This novel research will investigate
the productivity of muskmelons and summer squash in both of these systems side by side.

1.4 Row Cover Use Background

Pests of Cucurbits
Crops within the Cucurbitaceae family are amongst the most difficult vegetables to
produce due to the numerous insect and disease pests associated with the family (Cavanagh et al.,
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2009). Important pests include squash bug (Anasa tristis), squash vine borer (Melitta cucurbitae),
western corn root worm (Diabrotica virgifera virgifera), and spotted cucumber beetle (Diabrotica
undecimpunctata) (Bachmann et al., 2009). In the Northeastern U.S. the insect pest of highest
economic impact to cucurbits is the striped cucumber beetle (Cavanagh et al., 2009).

Squash Bug
Squash bugs cause economic damage to Cucurbita species during the nymphal and adult
life stages of the pest. Squash bugs feed on leaves by piercing the epidermis of the plant
disrupting nutrient flow and causing significant reduction in plant growth (Bachmann, 2012).

Squash Vine Borer
The larvae of the squash vine borer causes extensive damage to the vines of cucurbits.
The pest primarily affects the vines of Cucurbita species by burrowing into the base of the stem
upon hatching.

Western Corn Rootworm
The western corn rootworm is a recent pest to the Northeastern U.S. Western corn
rootworm causes feeding damage to the leaves, stems and fruit of all cucurbit crops. They are not
documented to vector diseases in cucurbit crops but can cause economic damage as a result of
extensive feeding damage.

13
Spotted Cucumber Beetle
Similarly to the western corn rootworm, the spotted cucumber beetle causes feeding
damage to the leaves, stems and fruit of all cucurbit crops. In addition to the extensive damage as
a result of feeding, the spotted cucumber beetle is a vector of bacterial wilt of cucurbits, caused
by the Erwinia tracheiphila (Et) bacterium.

Striped Cucumber Beetle
The striped cucumber beetle is of primary concern to cucurbit growers. Like western corn
rootworm and spotted cucumber beetle, the primary damage caused directly by the striped
cucumber beetle is through feeding on roots, leaves, stems, and fruit of all cucurbits, however,
striped cucumber beetles are typically present in significantly higher populations than the others,
leading to more extensive feeding damage and higher incidence of Et infection. Striped cucumber
beetle adults also serve as the overwintering reservoir of Et (Bachmann, 2012).

Bacterial Wilt
Et, which causes bacterial wilt, is a pathogenic bacteria that enters the xylem of cucurbits
from the infected frass of spotted and striped cucumber beetles that is deposited near damaged
areas of plant tissue, or on nectaries. This infection blocks the flow of water throughout the plants
vascular system, leading to wilting (Bachmann, 2012). Once the bacteria has been vectored to the
plant, there is no economically viable curative practice. Depending on host plant species and age,
permanent wilting can occur within 7 days after infection, causing death of the vine within 14
days. Et can reduce cucurbit stands by up to 60% (Leib et al., 2000). Controlling spotted and
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striped cucumber beetles populations is currently the only commercially viable method of
controlling Et.

Pest control strategies
Organic management strategies of cucurbit pests are limited. Botanical and microbial
products sold as insecticidal spray materials for organic production are expensive and have low
efficacy against pests of cucurbits (Cline et al., 2008; Pedersen and Godfrey, 2011). Due to the
low efficacy of these materials, several applications per season are often made, requiring many
labor hours and large amounts of the expensive materials. These materials are typically broad
spectrum being equally toxic to beneficial pollinators and pest predators, as to the target pest.
Conventional agriculture relies heavily on pesticides for pest control. Primarily
depending upon pesticides for pest control not only kills targeted pests, but also beneficial
pollinators and pest predators. In decreasing beneficial pest predator populations, natural control
measures for pests are decreased, leaving subsequent pesticide applications as the sole control
measure (Legrand et al., 2011). In addition, insecticides have also been well documented to be
detrimental to human health. High rates of cancer, infertility, and neurological disorders of those
living in communities with high agricultural pesticide use have been shown to be increasing,
especially amongst agricultural workers (George, 2011; Parron et al., 2014; Tebourbi et al.,
2011).
In conventional cucurbit production, the use of imidacloprid, a neonicotinoid, is
commonly utilized for the control of striped cucumber beetle and other insect pests of cucurbits,
and is the most commonly used insecticide in the world (Goulson, 2013). Imidacloprid is a
systemic insecticide, meaning that it enters the plant tissue, fatally interacting with the insect’s
central nervous system upon piercing and sucking or chewing on treated plants. The use of
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imidacloprid is most effective when applied to young transplants, causing mortality rates of
striped cucumber beetle as high as 80% when applied at the labeled rate (Lieb et al., 2000).
While imidacloprid is effective against pests of cucurbits, it also causes high mortality
rates in beneficial insects. It is typically applied as a seed treatment or soil drench and taken up by
the roots of the plant. This application process places the material directly in contact with soil at
levels that are toxic to beneficial, soil dwelling invertebrates (Goulson, 2013). As the chemical is
distributed throughout most of the plant cells, it is contained within the nectar and pollen that is
collected and consumed by pollinator species. The use of neonicotinoids directly corresponds to
the decline of pollinator species and beneficial insect populations (Goulson, 2013; Sandrock et
al., 2014; Williamson et al., 2014). The use of row covers shows the potential to replace the use
of imidacloprid in conventional cucurbit production.

Row Cover Use
In an attempt to reduce pesticide use, the integration of many cultural, biological, and
mechanical pest management techniques are being promoted. The proper utilization of these
techniques can lead to improved environmental quality, enterprise profitability, and human safety.
One technique of primary importance for pest exclusion is the use of spunbonded polypropylene
row covers. Row covers are sold as various weights, typically 19 or 30 gr/m2. When row covers
are properly installed over newly transplanted crops, they can significantly increase crop
productivity due to decreased pest pressure and the creation of a favorable microclimate directly
around the plant.
When row covers are installed immediately after transplanting, a physical barrier is
created that excludes insect pests from flying to the plant, while allowing sunlight and water to
penetrate the material. Although pests cannot access the plant, neither can pollinators. For this
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reason, row covers are commonly removed at anthesis. The use of row covers during the early
growing phases of plant growth, protects plants from pest when they are most vulnerable to pest
damage (Arthur et al., 2013). Removing row covers at anthesis for squash species and 10 days
after anthesis for muskmelon production has been shown to significantly reduce the occurrence of
Et and increase yields (Hernandez, 2013; Rojas et al., 2011). When dealing with pathogen vectors
such as the striped cucumber beetle, allowing the plant to reach anthesis before possible infection
of a pathogen can lead to increased yields.
Row covers can decrease light levels to the plant by 20-30%, depending on weight and
weave of the material (Soltani et al., 1995). Plants can increase in productivity under partial shade
conditions compared to full sunlight (Kumar et al., 2014) leading to the conclusion that overabundance of photosynthetic photon flux often exceeds what is necessary (Soltani et al., 1995)
and can, in fact, be a source of plant stress. Light levels under various weights of row covers have
been shown to exceed the light saturation level of plants (Soltani et al., 1995), having no negative
effects on plant growth, yet possibly enhancing growth.
Row covers have been shown to increase air temperatures by 2.5°C depending on weight
(Hamamoto, 1994; Soltani et al., 1995). When row covers are used in combination with black
plastic mulch, they have the potential to increase soil temperatures by 4.5°C as compared to 2°C
with plastic mulch alone (Soltani et al., 1995). The combination of increased temperature,
decreased solar intensity, and the elimination of pest pressure can lead to dramatic yield
increases. The use of row covers for watermelon production grown on black plastic mulch has
increased yields by 21% (Soltani et al., 1995) and has improved strawberry yields by 35%
(Himelrick, 2001).
In the organic and conventional production of summer squash and muskmelons
comparisons were made between strip tillage and plasticulture production systems with and
without the use of row covers. This research intended to quantify the effects as related to soil
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nitrate, air and soil temperatures, soil moisture levels, light intensity affected by row covers, weed
densities, insect and disease pest pressure, and yields. Results will be reported to growers
summarizing which combination of practices result in the highest economic, environmental, and
labor benefits.
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Chapter 2

A Comparison of Plasticulture vs. Strip Tillage Production Systems, With
and Without Row Covers in Organic Muskmelon and Summer Squash

2.1 Introduction
In 2012, U.S. consumers spent $12 billion on organic produce. The demand for organic
produce has increased between 5 and 15% annually for the past decade and is forecasted to
continue rising (Greene, 2013). Growers of organic cucurbits, in particular, face large obstacles in
continuing to meet this demand as there are many pests of cucurbits, and few effective
organically approved insecticides for their management (Cavanagh et al., 2009; Cline et al., 2008;
Pedersen and Godfrey, 2011). In the Northeastern U.S., common production systems for
vegetable crops such as muskmelons (Cucumis melo) and summer squash (Cucurbita pepo) often
utilize environmentally costly polyethylene plastic mulches, which require high upfront input
costs. In order for growers to keep up with consumer demand while maintaining or improving the
environmental quality of their farms, the feasibility of adopting new ecologically based strategies,
such as conservation tillage and integrating this with the use of row covers, will have to be
investigated.
Plasticulture systems, or the use of polyethylene mulch on raised beds with drip
irrigation, are commonly used for the production of many cucurbit crops. While the use of
plasticulture systems with black plastic mulch increase soil temperatures (Yaghi et al., 2013) and
can eliminate the majority of weed competition (Berger et al., 2013; Miles et al., 2005), there are
many disadvantages to their use. These disadvantages include plastic disposal issues, costs of the
materials and labor to install them, and the intensive tillage required for installation, which leads
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to increased rates of erosion (Hussain and Hammid, 2003; Jabro et al., 2011; Kyrikou and
Briassoulis, 2007; Ruidisch et al., 2013).
Strip tillage systems are a form of conservation tillage in which terminated residue from
the previous crop is left on the soil surface between-rows, while a narrow planting row is
cultivated. This system may be an alternative to plasticulture systems. Strip tillage that uses cover
crops dramatically reduces soil erosion (Alliaume et al., 2014; Zhou et al., 2009), increases soil
moisture retention (Haramoto and Brainard, 2012), and can enrich soil microbial communities
(Overstreet et al., 2010; Schipanski et al., 2014) with less annual economic input (Archer and
Reicosky, 2009). Strip tillage for horticultural crop production has produced mixed results. Snap
beans (Bottenberg et al., 1999), bell peppers (Delate et al., 2008), and tomatoes (Alliume et al.,
2013) all produced lower yields when grown in strip tillage systems as compared to bare soil
systems. Contrastingly, carrots (Brainard and Noyes et al., 2012), tomatoes (Mitchell et al.,
2012), cabbage (Haramoto and Brainard, 2012), and cucumber (Wang and Ngouajio, 2008)
reported equal or higher yields when grown in strip tillage systems compared to bare ground
systems. Due to the wide range of results, it is important to test the feasibility of producing
specific crops in a strip tillage system individually and in different regions. It is also noteworthy
that each of the above mentioned studies compared strip tillage to bare ground systems, despite
the fact that much current vegetable production is done with plasticulture systems.
When installed over plants immediately after seeding or transplanting, spunbonded
polyethylene row cover use can decrease early season insect pest pressure in cucurbit crops. The
reduction of spotted (Diabrotica undecimpunctata) and striped cucumber beetle (Acalymma
vittatum) damage to plants early in the season can decrease season-long incidence of bacterial
wilt (Erwinia tracheiphila) while increasing yields of cucurbits such as butternut squash and
muskmelons (Hernandez, 2013; Rojas et al., 2011). Increased plant growth and yields under row
cover are attributed to elevated temperatures under the row cover in combination with a pest free
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environment during early phases of plant growth and development (Soltani et al., 1995). These
significant benefits of row cover use are especially important when compared to production that
rely solely upon expensive organic insecticide sprays for pest protection.
In this study plasticulture and strip tillage systems were compared with and without row
covers in two separate experiments on organically managed cucurbits: one on summer squash
(Cucurbita pepo ‘Lioness’) and the other on muskmelon (Cucumis melo ‘Athena’). Yields, soil
nitrate (NO3-N) levels, soil and air temperatures, light penetration through the row covers,
cucumber beetle populations, and incidence of bacterial wilt were measured.
We hypothesized that reduced weed pressure and higher soil temperatures using the
plasticulture system would result in slightly higher yields than the strip tillage system, but that
these yield losses would be within an acceptable range as a result of lower input costs associated
with the strip tillage system. Higher yields, lower pest populations and lower incidence of
bacterial wilt were anticipated as a result of row cover use. Strip tillage and row cover use were
expected to decrease insect pest populations as strip tillage can be a favorable habitat for
predatory ground dwelling beetles (Atakan, 2010).

2.2 Materials and Methods

Location
Both experiments were conducted at the Pennsylvania State University’s Russell E.
Larson Agricultural Research Station, Rock Springs, Center County, PA (latitude 40°42’45.67”N,
longitude 77°57’5.57”W). This site is composed of a Haggerstown silty loam soil on a 0-3%
slope. The research fields are located in USDA plant hardiness zone 6a. The area receives an
average of 40 inches of precipitation annually. The experimental fields had not been planted in
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cucurbit crops for at least two seasons prior to the experiments (Table 2-1). Throughout the
course of the experiment all fields were managed according to the National Organic Program
Standards.

Table 2-1. Field history: Crops planted in research fields 1 and 2 years prior to research.
2013 Field
2014 Field
Buckwheat (Fogopyrum
Wheat (Triticum sp.)
Previous Season
esculentum)
Organically Managed Mixed Petunias (Petunia x hybrida)
2 Years Prior
Vegetables

Cover Crops
On 11 Sept. 2012 and 10 Sept. 2013, each experiment was planted with a cover crop mix
of 75% winter rye (Secale cereal) and 25% hairy vetch (Vicia villosa) at a seeding rate of 90
lb/acre. Non-treated seed was planted in these experiments (High Mowing Seed Company.
Wolcott, VT) and no fertilizers were applied to the fields prior to planting the cover crops. The
field received only natural rainfall.
Termination of the cover crop was accomplished with a single pass with a roller crimper
when the rye reached anthesis, or code 6 of the Zadoks Scale (Zadoks et al., 1974) (20 May 2013
and 28 May 2014). Two more passes with the roller crimper were made on 17 June 2013 and 3
July 2014 when the hairy vetch had reached early pod set (per the Mischler scale; Mischler et al.,
2010). Three days after the rolling, the vetch remained alive. On 19 June 2013 and 3 July 2014 a
pass with a flail mower set at approximately 12 inches high was conducted following the
direction that the roller crimper had passed to minimize mowing the rye, to leave as much intact
plant biomass as possible.
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Definition of Treatments
The whole plot treatments in both experiments consisted of “field production system”
(plasticulture or strip tillage) and the split-plot factor was “row cover use” (row cover or non-row
cover).

Plasticulture System Field Preparation Practices
For the plasticulture plots, a bed shaper and plastic layer was used to form 2.5 feet wide
and 6 inch high raised beds (Table 2-2). A single line of T-Tape™ 8 millimeter drip-line with 12
inch emitter spacing and a flow rate of 0.340 gallons per minute per 100 feet (John Deere Co.,
Moline IL) was installed over the beds. Four-foot-wide 1.25 mil embossed black polyethylene
mulch (Filmtech Corps of Sigma Plastic Groups, Allentown, PA) was installed over the beds
during the same pass. The beds were spaced 7 feet between rows, center-to-center, with four rows
per plot.

Table 2-2. Field preparation practices and dates in 2013 and 2014 for: plasticulture (PL) and strip
tillage (ST) plots in both the summer squash and muskmelon experiments.
2013 Field Preparation
Mow Cover Crop
(Both Experiments)
Chisel Plow (2 Passes) (PL)
Rototill (2 Passes) (PL)
Form Beds and Lay Plastic
(PL)
Strip Tillage (ST)

2014 Field Preparation

19 June

3 July

20 June

3 July

20 June and 24 June

7 July

25 June

8 July

24 June

8 July
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Strip Tillage System Field Preparation Practices
The strip tillage plots in both experiments were prepared using a single-row Hiniker™
6000 strip tillage implement (Mankato, MN) with notched trash cleaning disks, a cutting-coulter,
shank point assembly, berming disk and rolling basket. Two passes with the implement were
needed to adequately prepare a one foot wide planting strip. The cultivated rows were spaced 7
feet center-to-center with four rows per plot. The cover crop residue was left undisturbed between
rows. The drip tape described above was also centered over strip tillage planting rows.

Soil Fertility Management
On 13 May 2013 and 27 May 2014, 6 inch deep soil samples were taken six arbitrary
locations within each production system treatment plot, in each experiment, for analysis of pH,
phosphorous (P), and potassium (K) (Appendix B). Cover crop analysis was conducted on 16
May 2013 and 27 May 2014 (Oregon State University cover crop calculator; Sullivan and
Andrews, 2012) (Appendix A). Soil samples and representative leaf tissue analysis of mixed
hairy vetch and winter rye were analyzed by the Agricultural Analytical Services Lab at
Pennsylvania State University (University Park, PA). Results from both tests were used to
determine fertilizer regimes. A total of 75lbN/acre were to be applied to the crop pre-plant
through the cover crop and the application of Fertrell® 5-1-1 Blue N granular fertilizer
(Bainbridge, PA).
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Soil Nitrate Levels
Pre-Sidedress Nitrate Tests (PSNT) were conducted by collecting and mixing 12 inch
deep soil cores from 6 arbitrary locations within each whole plot. These soil samples were
analyzed by the Agricultural Analytical Services Lab at Pennsylvania State University
(University Park, PA). Tests were conducted in both experiments 21 and 27 days after the first
tillage event or 19 and 20 days after transplanting in 2013 and 2014 respectively (16 July 2013
and 30 July 2014). Soil NO3-N levels below 25 ppm (Hartz et al., 2000; Heckman, 2002) in some
treatment plots led to weekly drip applications of 5-1-1 liquid fish emulsion (Aqua Power™, JH
Biotech Inc., Ventura, CA) totaling 15lb. N/acre. A second test was conducted in the muskmelon
experiment at the final harvest (3 Oct. 2013 and 20 Oct. 2014).

Plant Selection, Seeding, and Transplanting
Non-treated seeds of ‘Athena’ muskmelon (MM) and ‘Lioness’ summer squash (SS)
(Seedway® ,Mifflinburg, PA) were used. Seeds were planted into 48 plug trays in a 512 Mix
Organic Compost (Johnny’s Selected Seeds, Winslow, ME). Summer squash were seeded on 17
June 2013 and 26 June 2014 and muskmelon were seeded on 11 June 2013 and 24 June 2014.
Plants were placed in temperature regulated greenhouses and watered twice per day until
transplanting. Fifteen seedlings were transplanted per sub-plot with 2ft. in-row spacing on 26
June 2013 and 10 July 2014 in both experiments.
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Row-covers
In the summer squash experiment, 83 inch wide spunbonded polypropylene, 30 weight
(30gr/m2) Agribond™ row-covers were installed immediately after transplanting over one row of
each plot (RC) while 19 weight (19 gr/m2) row-covers (Agribond™, San Luis Potosi, Mexico)
were installed in the muskmelon experiment. One treatment row plus both border rows of each
plot were left uncovered (NRC). Row cover was installed over 64 inches long spring steel wire
hoops wire (Advancing Alternatives Inc., Schuylkill Haven, PA), arched to 2 feet high over the
rows. Field soil was used to secure the row-cover edges in plasticulture treatments and 6 inch
landscape anchor pins (Advancing Alternatives Inc., Schuylkill Haven, PA) were used to secure
the row-cover edges in strip tillage treatments to avoid disturbing the soil between rows.

Timing of Row Cover Removal
Summer Squash
Row covers were removed when 50% of the plants under row covers in the strip tillage
plots, being the later to flower, had at least one opened blossom (Hernandez, 2013), on 22 July
2013 and 8 Aug. 2014.
Muskmelon
Row covers were removed 10 days after the first blossom was noticed in 50% of the row
cover plots (Hernandez, 2013), on 23 July 2013 and 13 Aug. 2014.
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Pest Management
At transplanting, the non-row cover treatment plots in the summer squash and
muskmelon experiments received a spray application of spinosad (Entrust SC, Dow Agrosciences
LLC. Indianapolis, IN) at a rate of 0.094 lb ai/acre mixed with buffalo gourd powder (CideTRAK
D, Trécé Inc. Adair, OK) at a rate of 0.084 lb ai/acre. The striped cucumber beetle spray threshold
was set at one beetle per ten plants for the first 40 days after transplanting at which point the
threshold was dropped to one beetle per plant for the remainder of the season. When the threshold
was met, based on weekly scouting events, a tank mixed application of Kaolin Clay (Surround
WP, Novasource, Phoenix, AZ) 30lb/A and pyrethrins (Pyganic 5.0, MGK Minneapolis, MN) at
0.029 lb ai/acre was applied. Collection of striped cucumber beetle seasonal dynamics data was a
collaborative effort between two labs and is also reported by Lewis (2015).
Fungicide applications were used to prevent phytophthora blight (causal agent
Phytophthora capsici), downy mildew (causal agent Pseudoperonospora cubensis) and powdery
mildew (causal agent Blumeria graminis). Neem oil (Trilogy, Certis USA, Columbia, MD) was
applied as a 1% solution with each insecticide application as a preventative measure against
fungal pathogens. When prolonged periods of rain or high humidity were experienced or
expected, being favorable conditions for plant pathogenic fungal growth, applications of an
extract of Reynoutria sachalinensis (Regalia SC, Marrone Bio Innovations, Davis, CA) was
applied at a rate of 1.6fl oz ai/acre. This was rotated with applications of copper hydroxide (NuCop 3L, Agri Star by Albaugh, St. Joseph, MO) at a rate of 1.152 lb ai/acre. All fungicide
applications were made after row cover removal.
A 6 inch layer of straw (Avena sativa L.) was applied between rows in the plasticulture
plots. Hand weeding was utilized when necessary throughout the season with the first weed
management event in all treatments occurring at row cover removal.
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2.3) Data Collection

Soil and Air Temperature and Light Penetration
Minimum, maximum, and daily average soil and air temperatures and light levels were
recorded daily (HOBO® Pendant® Temperature/ Light Data Loggers (UA-002-64), Onset, Bourne,
MA). One pendant per subplot was placed 4 inches below the soil surface for soil temperature
and another was placed 16 inches above the soil surface to record air temperature and light levels
Data was recorded throughout the duration of row cover deployment.

Plant Size and Development
Summer squash
Plant size was analyzed by measuring the plant height and width of the plant across the
row at row cover removal and again at the last harvest. The products of these measurements are
reported as plant area (in2).
Muskmelon
Plant development at row cover removal was quantified by counting the number of
perfect blossoms, staminate blossoms, and leaves with midribs greater than 2 inches in length
within a 4 ft2 quadrant.

Weed Density
In row weed density was analyzed by collecting weeds from within a 4 ft2 quadrant
arbitrarily placed in-row in each subplot. Above-ground dry weight biomass of collected weeds
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was recorded. Due to the lack of weeds in the plasticulture plots, analysis of weed pressure was
between strip tillage row cover and non-row cover treatment only.

Insect Pest Population Dynamics
Weekly scouting was conducted for striped cucumber beetles, spotted cucumber beetles,
western corn root worm, squash bugs and squash vine borers. Scouting occurred within three
arbitrarily selected plants from each subplot. After the melon plants had overlapped scouting was
done from within a 1 m2 quadrants. Scouting began at transplanting and continued until the last
squash harvest and 2 weeks before the last melon harvest.

Incidence of Bacterial Wilt
Summer squash
Bacterial wilt was scouted for at mid-harvest (13 Aug. 2013 and 1 Sept. 2014) and at
final harvest (2 Sept. 2013 and 15 Sept. 2015). Plants expressing symptoms including wilted
leaves, interveinal chlorosis, or necrosis were flagged. If symptoms were worsened one week
later, they were marked as diseased with bacterial wilt. Polymerase chain reaction was not used to
confirm diagnosis.

Muskmelons
Bacterial wilt was scouted for at the first harvest (5 Sept. 2013 and 22 Sept. 2014) and
again at the last harvest in 2013 (27 Sept.) and mid-harvest in 2014 (6 Oct.) to collect data before
vine killing frost occurred. Diagnosis followed the above mentioned protocol.
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Yields
Summer squash
Harvests occurred three times per week for 4 weeks from 24 July 2013 to 2 Sept. 2013
and 8 Aug. 2014 to 15 Sept. 2014. The number and weight of marketable fruit (blemish free,
between 6 and 10 inches long) and unmarketable fruit (greater than 10 inches, insect damaged,
diseased, or physically damaged) were recorded per plot per harvest. Reason for unmarketability
was recorded.
Muskmelons
Harvests occurred twice per week from 5 Sept. 2013 to 27 Sept. 2013 and 22 Sept. 2014
to 20 Oct. 2014. The end of the harvest was determined when all melons were harvested or vine
killing frost was experienced. All ripe fruit was harvested. Blemish free melons 3 lb. or heavier
were categorized as marketable. Unmarketable fruit categories included small (under 3 lb.),
discolored, insect damaged, rodent or bird damaged, and diseased. Reason for unmarketability
was recorded.

Statistical Analysis
Each experiment consisted of a randomized complete block with split-plot design
replicated four times. The whole plot treatments consisted of “field production system”
(plasticulture or strip tillage) and the split-plot factor was “row cover use” (row cover or non-row
cover). The same experimental design was used in both years of both experiments. The 2013 and
2014 data were analyzed separately. Data were analyzed with the Statistical Analysis Software
(SAS® version 9.4, SAS Institute, Inc., Cary, NC, 2013). Yields, mean air and soil temperature,
light penetration, plant size, and pest severity were analyzed using the PROC MIXED
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application. Soil NO3-N levels and weed density within the strip tillage treatment were analyzed
with a two sample t-test using Minitab® 17.1.0 (Minitab, Inc., State College, PA, 2013) after
ensuring normality.

2.4) Results

2.4.1) Summer Squash Experiment

Soil Nitrate Levels
Most vegetable crops require 20-30 ppm NO3-N at the time rapid plant growth begins,
about two weeks after planting, for adequate vegetative growth and productivity throughout the
season (Hartz et al., 2000; Heckman et al., 2002; Meisinger et al., 1992). Despite pre-plant
application of the full N requirements in both seasons (75lb/A.) (Sánchez et al., 2013), soil NO3N levels below 11 ppm were observed in the plasticulture and strip tillage treatments in 2013, and
in the strip tillage treatment in 2014 (Fig. 2-1). In 2014 soil NO3-N levels in plasticulture plots

ppm NO3-N

were over nine times the levels observed in the strip tillage plots.
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2013 Soil NO3-N Levels 19 Days
After Transplanting

2014 Soil NO3-N Levels 20 Days
After Transplanting
*

Plasticulture
Strip tillage

Figure 2-1. 2013 and 2014 mean soil NO3-N levels for summer squash in plasticulture and strip
tillage treatments 19 and 20 days after transplanting. Means were analyzed by year (2013 pvalue=0.089) (2014 p-value<0.001). Columns with an (*) denote significantly higher levels at p≤
0.05 within each year.
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Air Temperature
In 2013 and 2014, no interactions were observed between air temperatures in production
system and row cover use. In both years, regardless of production system treatment, consistently
higher temperatures were observed with the use of row covers compared to the non-row cover
treatments during the row cover deployment period (Fig. 2-2). Throughout the row cover
deployment in 2013, the average air temperatures of both production systems with row cover
were higher than in non-row cover plots (p=0.0017). In 2014, air temperatures in row cover plots
were as high as 9ºF higher than with non-row cover use on 3 days, all of which were in the first
half of the row cover deployment period. Air temperatures with row covers were an average of
5.3ºF higher than non-row cover plots while row covers were deployed, regardless of production
system treatment (p<0.0001).
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Figure 2-2. 2013 and 2014 daily average air temperatures and light levels during the period of row
cover deployment between production system and row cover treatment (summer squash). Key: PL
(Plasticulture); ST (Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).

Light Penetration through Row Covers
The 30 weight row covers consistently reduced light levels throughout the season (Fig. 22). Mean light levels of the row cover deployment period were reduced by 1071 lumens per ft2 in
row cover plots compared to non-row cover light levels. (26.3%; p=0.0073) in 2013. In 2014 row
cover use reduced mean light levels by 1364 lumens per ft2 (30.0%; p=0.0008).
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Plant Size at Row Cover Removal
Interactions were observed between production system and row cover use for plant size at
row cover removal. In 2013 the plasticulture with row cover treatment resulted in smaller plants
than non-row cover plants early and late in the season, however, row cover use in the strip tillage
treatment resulted in in larger plants at row cover removal than in the non-row cover treatment of
that production system (Table 2-3). In 2014 equal plant sizes were observed in all treatments
except the strip tillage non-row cover treatment, in which plants were smaller.
Table 2-3. Summer squash plant size at row cover removal (Early Season) and at last harvest
(Late Season) by production system and row cover treatment in 2013 and 2014. All units in
inches2 as a measurement of the plant canopy across rows (inches) by the plant height (inches).
Values within the same column followed by different letters differed at p<0.05.
Summer Squash Plant Size (In2)
Production
System
Plasticulture

Strip Tillage

Row Cover
Treatment
Row Cover

Early Season
(2013)
831 c

Late Season
(2013)
1686 b

Early Season
(2014)
1106 a

Late Season
(2014)
1892 a

Non-Row Cover

1269 a

2234 a

1200 a

1879 a

Row Cover

1020 b

1514 bc

1117 a

1671 a

Non-Row Cover

609 d

1309 c

358 b

1341 b

Weed Density
While there was nearly no in-row weed pressure in the plasticulture system, one hand
weeding event was needed in the strip tillage treatment in both seasons. In both seasons, weed
populations were primarily composed of annual broadleaf species including pigweed
(Amaranthus sp.), common purslane (Portulaca oleracea), shepherd’s-purse (Capsella bursapastoris), common lambsquaters (Chenopodium album), and Pennsylvania smartweed
(Polygonum pensylvanicum). Row cover use appeared to increase weed pressure within the strip
tillage system, however, in the 2013 season, 357.0 lb/acre of weed dry-weight biomass was
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observed in the strip tillage with row cover plots, and 353.3 lb/acre were observed in the striptillage non-row cover plots (p= 0.979). In 2014, weed dry-weight biomass was observed to be
281.7 lb/acre in strip tillage with row cover plots, and 237.2 lb/acre in strip tillage non-row cover
plots (p= 0.676). The use of row covers did prevent access from the in-row zone, delaying the
first weeding event until after row cover removal.

Insect Pest and Disease Pressure and Pesticide Applications

As a preventative measure against fungal pathogens, two applications of Reynoutria
sachalinensis rotated with one application of copper hydroxide were made to the entire
experiment in 2013. In 2014 one application of Reynoutria sachalinensis and one application of
copper hydroxide were made.
In all treatments at least one insecticide spray event was avoided with the use of row
cover. In 2013 the spray threshold was passed once after row cover removal in the strip tillage
treatment and twice in the plasticulture treatment (Table 2-4). Pest pressure was much higher in
the 2014 season (Lewis, 2015) (Fig. 2-3 and 2-4) when pest populations in the plasticulture
treatments were over the set threshold three consecutive weeks early in the season, before row
covers were removed. In this season row cover use in the plasticulture plots resulted in the
elimination of three insecticide spray applications compared to the plasticulture non-row cover
treatment and two fewer applications in the strip tillage row cover treatment compared to strip
tillage non-row cover.
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2013 Summer Squash SCB Seasonal Dynnamics Chart
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Figure 2-3. 2013 striped cucumber beetle (SCB, A. vittatum) seasonal population dynamics chart
by production system and row cover treatment (summer squash). Each value is the observed
number of SCB per plant during weekly scouting events, from 1 week after transplanting to 2 weeks
prior to the final harvest. SCB populations in row cover plots before ‘RC Removed’ were not
included as SCB were excluded from the plant zone by the row covers. Key: PL (Plasticulture); ST
(Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).

2014 Summer Squash SCB Seasonal Dynamics Chart
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Figure 2-4. 2014 striped cucumber beetle (SCB, A. vittatum) seasonal population dynamics chart
by production system and row cover treatment (summer squash). Each value is the observed
number of SCB per plant during weekly scouting events, from 1 week after transplanting to 2 weeks
prior to the final harvest. SCB populations in row cover plots before ‘RC Removed’ were not
included as SCB were excluded from the plant zone by the row covers. Key: PL (Plasticulture); ST
(Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).
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Table 2-4. Total number of insecticide applications per year for production system by row cover
treatment in the summer squash experiment. Insecticide applications were made when set
thresholds of 1 striped cucumber beetle (SCB, A. vittatum) per 10 plants for the first 40 days after
transplanting and 1 SCB per plant from 40 days until the final harvest were met.
Total Number of Insecticide Applications (Summer Squash)
Production
Row Cover
2013
2014
System
Treatment
(no.)
(no.)
Row Cover
2
3
Plasticulture
Non-Row Cover
3
6
Row Cover
1
4
Strip Tillage Non-Row Cover
2
6
As a function of intense striped cucumber beetle pressure, more cases of bacterial wilt
were noticed in the 2014 season, although there was low incidence of bacterial wilt both years.
One infected plant was observed in any data plot in 2013, while 2014 resulted in a slightly higher
rate of incidence of infected plants (Table 2-5) with a higher incidence of infected plants in the
plasticulture non-row cover treatment as compared to strip tillage non-row cover, being the only
statistically differing comparison.

Table 2-5. Mean number of summer squash plants per subplot (15 total plants) infected with
bacterial wilt by production system and row cover treatment at the final harvest of 2014. Values
in the same column followed by differing lower case letters differ at p≤ 0.05. Values in the same
row followed by differing capital letters differ at p≤ 0.05.
2014 Incidence of Bacterial Wilt
Non-Row Cover
Row Cover
p-value
4.5 aA
3.3 aA
0.0975
Plasticulture
1 bA
2.5 aA
0.0568
Strip Tillage
0.0161
0.5041
p-value

Yields
In 2013, cumulative season total and marketable fruit yield from the plasticulture with
row cover treatment were lower than plasticulture plots with no-row cover. Higher yields were
seen with row cover use in the strip tillage treatment as compared to the non-row cover treatment
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in both years. 2014 results showed no difference in yields within the plasticulture treatment with
and without the use of row cover (Table 2-6).
In 2013, marketable fruit yields from strip tillage plots were 49.7% lower than from the
plasticulture plots (p=0.0004). The lower yields were observed in both row cover and non-row
cover strip tillage treatments. Similar results were observed in the 2014 non-row cover strip
tillage treatment, with yields being 54.9% lower than yields from the plasticulture plots
(p=0.0150), yet equal yields were observed between plasticulture and strip tillage with row cover
treatments (p=0.8288).
2013 unmarketable yields accounted for 25% of total yields in row cover treatments and
17.5% of non-row cover treatments. In 2014, the percentage of the total yields categorized as
unmarketable in the plasticulture treatments (28%) was nearly double that of strip tillage (15%).
Unmarketability in both seasons was primarily due to over-sized fruit.
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Table 2-6. Total, marketable, and unmarketable summer squash yields per 15 plants ± se by production system and row cover treatment in
2013 and 2014. Values within the same column followed by different letters differ at p<0.05.

Treatment
Production
System

Row Cover
Treatment
Row Cover

Plasticulture

Non-Row
Cover
Row Cover

Strip Tillage

Non-Row
Cover

Summer Squash Yields/ 15 Plants (30 row ft.)
2013
Total
yield
(lb·15
plants-1)
104.7±3.3
b
117.0±3.8
a
63.7±2.8
c
43.7±8.8
d

Marketable
yield
(lb·15
plants-1)
77.6±3.5
b
93.5±5.4
a
48.2±2.5
c
36.7±6.5
d

Unmarketable
yield
(lb·15
plants-1)
27.1±3.2
a
23.5±3.9
a
15.5±2.8
b
7.0±3.1
c

Total
yield
(lb·15
plants-1)
108.6±8.8
ab
113.7±6.0
a
91.7±7.6
b
51.0±10.6
c

2014
Marketable
yield
(lb·15
plants-1)
80.3±7.3
a
78.7±9.7
a
77.9±2.7
a
43.2±8.1
b

Unmarketable
yield
(lb·15
plants-1)
28.3±3.1
a
35.0±6.0
a
13.8±2.7
b
7.8±5.2
c
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2.4.2) Muskmelon Experiment

Soil Nitrate Level
In 2013 observed NO3-N levels 19 days after transplanting in both production system
treatments were lower than the recommended 20-30 ppm (Hartz et al., 2000; Heckman et al., 2002;
Meisinger et al., 1992) (Fig. 2-5). As a result of the low early season soil NO3-N levels 2.4lbN/acre
was applied weekly for 6 weeks through an Organic Material Review Institute (OMRI) approved
fish emulsion (5-1-1 Aqua Power™, JH Biotech Inc., Ventura, CA). Analysis of end of season
NO3-N levels showed higher NO3-N levels in the plasticulture treatment (p= 0.024).
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Figure 2-5. 2013 soil NO3-N levels by production system 19 days after transplanting (DAT) and at
last harvest (muskmelon). 19 DAT p-value= 0.180, last harvest p-value= 0.005. Columns with an
(*) denote significantly higher NO3-N levels at p< 0.05 within each test.
In 2014 differences in soil NO3-N levels in the 0-12 inch soil region were observed two
weeks after planting with a mean 34.9 ppm NO3-N in the plasticulture plot and 5.7 ppm NO3-N in
strip tillage treatments (Fig. 2-6). After sidedressing an additional 40 lbN/acre with pelletized
chicken manure (Fertrell® 5-1-1 Blue N, Bainbridge, PA) in the strip tillage plots only, end of
season NO3-N levels were numerically lower in strip tillage plots (p=0.061).
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Figure 2-6. 2014 muskmelon soil NO3-N levels by production system 20 days after transplanting
(DAT) and at last harvest. 20 DAT p-value < 0.001, late season p-value= 0.061. Columns with an
(*) denote significantly higher NO3-N levels at p< 0.05 within each test.

Soil Temperature
Average soil temperatures during row cover deployment were consistently higher in
plasticulture treatments than strip tillage plots (Fig. 2-7). Average soil temperatures throughout
row cover deployment were an average of 5.5ºF and 4ºF warmer in the plasticulture plots than
strip tillage plots in 2013 and 2014 respectively. No interactions were observed between tillage
treatments and row cover use although row cover use numerically increased average soil
temperatures in both production systems in both seasons.

Air Temperature
Air temperatures in the crop canopy zone during row cover deployment were 3ºF warmer
with the use of row covers compared to non-row cover plots, regardless of production system
treatment in both seasons (2013 p=0.006; 2014 p=0.0038). Higher temperatures were seen in
plots with row covers throughout the season (Fig. 2-7). No differences were observed between
production systems although row covers in plasticulture plots in 2014 increased average
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temperatures during row cover deployment by 4ºF while row cover use in strip tillage led to
increases of only 2ºF over non-row cover treatments in the same production system. The
difference between row cover and non-row cover air temperature in the 2013 plasticulture plots
compared to the difference between row cover treatments within the strip tillage plots were only
0.5 ºF (3.3 ºF to 2.8 ºF).
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Figure 2-7. 2013 and 2014 daily average air temperatures and light levels during the period of row
cover deployment between production system and row cover treatment (muskmelon). Key: PL
(Plasticulture); ST (Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).
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Light Penetration through Row Covers

The 19 weight row covers reduced mean light levels reaching the plant canopy as
compared to non-row cover plots throughout the season (Fig. 2-7). Average light levels under the
row cover during the row cover deployment period were reduced by 1428 lumens per ft2 (30.2%)
(p=0.0012) in 2013, and 955 lumens per ft2 in 2014 (21.7%) (p=0.0341) compared to direct
exposure to sunlight in non-row cover treatments

Physiological Development
The density of plant foliage as well as the number of staminate and pistilate blossoms at
row cover removal was higher in the plasticulture treatment than the strip tillage treatment. More
staminate and perfect blossoms were observed in the row cover plots as compared to the non-row
cover treatments (Table 2-7). No interactions between production system and row cover were
observed.
Table 2-7. 2014 number of muskmelon staminate blossoms, perfect blossoms, and leaves per 4ft2
at row cover removal by production system and row cover treatment. Values in the same column
followed by differing letters differ at p≤ 0.05.
2014 Muskmelon Plant Development at Row Cover Removal
Production
System
Plasticulture

Strip Tillage

Row Cover
Treatment
Row Cover

Staminate
Blossom (no.)
10.8 a

Perfect
Blossom (no.)
2.6 a

Leaf Count
(no.)
39 a

Non-Row Cover

7.4 b

1.5 b

35 a

Row Cover

5.3 c

0.7 c

14 b

Non-Row Cover

1.8 d

0.0 d

9b
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Weed Density
Weed control was the main contributor in mid-season labor requirements as two weeding
events were necessary in the strip tillage plots while no in-row weed management was needed in
the plasticulture system. Row cover use appeared to increase weed pressure within the strip
tillage system, however, in the 2013 season, 369.1 lb/acre weed dry-weight biomass was
observed in the strip tillage row cover plots and 529.5 lb/acre was observed in the strip tillage
non-row cover plots (p= 0.299). In the 2014 season, 1392.9 lb/acre of weed dry-weight biomass
was observed in the strip tillage with row cover plots, and 1282.4 lb/acre were observed in the
strip tillage non-row cover plots (p=0.698). The use of row covers did prevent access from the inrow zone, delaying the first weeding event until after row cover removal.

Insect Pest and Disease Pressure and Pesticide Applications

As a preventative measure against fungal pathogens, three applications of Reynoutria
sachalinensis and one application of copper hydroxide were made to the entire experiment in
2013. In 2014 one application of Reynoutria sachalinensis and one application of copper
hydroxide were made.
Weekly scouting events were used to determine if the striped cucumber beetle population
surpassed set thresholds (Fig. 2.8 and 2.9) (Lewis, 2015). In 2013, one spray event was avoided
within both production systems by the use of row covers. Pest pressure was much higher in the
2014 season resulting in seven spray applications in the plasticulture non-row cover treatment,
and six applications in the plasticulture row cover treatment (Table 2-8). Strip tillage non-row
cover treatments typically had the lowest SCB populations as those plants were less developed
and had less foliage for the insects to feed on (Table 2-7). Despite nearly weekly sprayings of
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kaolin clay, pyrethrins, and extract of neem oil in 2014, striped cucumber beetle populations
remained above the set thresholds throughout the season.
2013 Muskmelon SCB Seasonal Dynamics Chart
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Figure 2-8. 2013 striped cucumber beetle (SCB, A. vittatum) seasonal population dynamics chart
by production system and row cover treatment in muskmelon experiment. Each value is the
observed number of SCB per plant during weekly scouting events, from 1 week after transplanting
to 2 weeks prior to the final harvest. SCB populations in row cover plots before ‘RC Removed’
were not included as SCB were excluded from the plant zone by the row covers. Key: PL
(Plasticulture); ST (Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).
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2014 Muskmelon SCB Seasonal Dynamics Chart
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Figure 2-9. 2014 striped cucumber beetle (SCB, A. vittatum) seasonal population dynamics chart
by production system and row cover treatment (muskmelon). Each value is the observed number
of SCB per plant during weekly scouting events, from 1 week after transplanting to 2 weeks prior
to the final harvest. SCB populations in row cover plots before ‘RC Removed’ were not included
as SCB were excluded from the plant zone by the row covers. Key: PL (Plasticulture); ST (Strip
Tillage); NRC (Non-Row Cover); RC (Row Cover).
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Table 2-8. Total number of insecticide applications by production system and row cover
treatment in 2013 and 2014 muskmelon. Insecticide applications were made when set thresholds
of 1 striped cucumber beetle (SCB, A. vittatum) per 10 plants for the 1st 40 days after
transplanting and 1 SCB per plant from 40 days until the final harvest were met.
Total Number of Insecticide Applications (Muskmelon)
Production
System
Plasticulture
Strip Tillage

Row Cover
Treatment
Row Cover
Non-Row Cover
Row Cover
Non-Row Cover

2013

2014

2

6

3
0
1

7
4
1

Corresponding with the low cucumber beetle pressure in 2013 there were very few
observed incidences of bacterial wilt that year. Despite increased pest pressure in 2014, low
incidence of the infected plants was observed again with an average of 8.33% (1.25 infected
plants/15 total plants) of plants being infected in plasticulture non-row cover treatments as
compared to only 1.67% (0.25 infected plants per 15 plants) in the plasticulture row cover plot
(p=0.0498). No bacterial wilt was detected in strip tillage plots.

Yields
No interactions of season yields were observed between production system and row
cover treatment. Primarily as a result of the later planting date, 2014 plasticulture and strip tillage
total and marketable yields were 55% and less than 20% of 2013 yields, respectively (Table 2-9).
Row covers use within production system had no effect on total and marketable yields in all
comparisons except the 2013 marketable yields in the plasticulture treatments where row covers
increased yields (p= 0.0498). Regardless of row cover treatment, strip tillage marketable pounds
of fruit were 63% (2013) and 93%, (2014) lower than plasticulture yields. The 2014 results
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showed an 86% reduction in yields between the plasticulture with row cover and strip tillage with
row cover treatments, numerically the most productive treatment of both production systems.
Unmarketable yields were very low in all treatments in 2013, being less than 2.4% of
total yields. 2014 plasticulture unmarketable yields were 9% and 12% of the total yields with and
without row cover, respectively. The unmarketable plasticulture yields were comparable to the
marketable strip tillage yields in that season.
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Table 2-9. Total, marketable, and unmarketable summer squash yields per 15 plants ± se by production system and row cover treatment in
2013 and 2014. Values within the same column followed by different letters differ at p<0.05.

Treatment
Production
System

Plasticulture

Strip Tillage

Row
Cover
Treatment
Row
Cover
Non-Row
Cover
Row
Cover
Non-Row
Cover

Muskmelon Yields/ 15 Plants (30 row ft.)
2013
Total
yield
(lb·15
plants-1)
175.9±3.3
a
152.0±10.
1a
61.7±6.4
b
59.1±5.7
b

Marketable
yield
(lb·15
plants-1)
174.1±2.4
a
148.5±12.1
b
60.9±6.8
c
58.1±6.6
c

Unmarketable
yield
(lb·15
plants-1)
1.8±1.3
a
3.5±5.8
a
0.8±0.6
a
1.0±1.1
a

Total
yield
(lb·15
plants-1)
98.3±9.4
a
81.7±8.8
a
16.4±3.1
b
0.3±0.3
b

2014
Marketable
yield
(lb·15
plants-1)
89.2±14.6
a
71.0±9.4
a
12.5±3.7
b
0.0±0.0
b

Unmarketable
yield
(lb·15
plants-1)
9.1±9.4
a
10.7±2.4
a
3.9±1.8
b
0.3±0.3
b
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Correlation of Results
In 2013, soil temperatures during row cover deployment correlated strongly with season
total marketable lb. of fruit per plot. (Fig. 2-10).
Yields vs Soil Temperature (⁰ F) (2013 Muskmelon)
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Figure 2-10. 2013 muskmelon scatterplot; season total marketable pounds of fruit compared to
average soil temperature during row cover deployment by production system and row cover
treatment. {Yields = -1206 + 16.73 Soil Temperature (⁰F)}. R2=0.762. (Appendix D).
In 2014, plant size as measured by leaf count in a 4ft 2 quadrant at row cover removal and
season long marketable yields were strongly correlated to average soil temperatures and soil NO3N levels per treatment. (Fig. 2-11)

56
Plant Size vs Soil Temperature (⁰ F) (2014 Muskmelon)

Plant Size vs Soil NO3-N (2014 Muskmelon)
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Figure 2-11. 2014 muskmelon scatterplots with average soil temperatures during row cover
deployment (oF) and soil NO3-N levels (ppm) 20 days after transplanting, correlated with plant
size (leaf count from within a 4ft2 quadrant at row cover removal) and season total marketable
pounds of fruit between production system and row cover treatments.
-Temp vs. plant size- {Plant Size= -427.5 + 6.227 Soil Temperature (⁰F)} R2=0.814];
-NO3-N levels vs. plant size; {Plant Size (Leaves/4ft2) = 6.71 + 0.8707 NO3-N} R2=0.931
-Temp vs. marketable yield- {Marketable lb. Fruit = -1511+ 21.46 Soil Temperature (⁰F)}
R2=0.914
-NO3-N levels vs. marketable yield {Marketable lb. Fruit = -6.77 + 2.465 NO3-N} R2=0.797. See
Appendix D for regression analysis data.

2.5) Discussion

Soil Nitrate Levels
Higher or equal NO3-N levels were observed in plasticulture treatments as compared to
strip tillage. Similar results were observed in other experiments conducted by this group during
the same growing seasons (Chapter 3). While initial fertilizer rate, source and application method,
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cover crop biomass and termination practices were the same in both production system
treatments, many other factors that influence availability of N in the soil were different between
the two, including incorporation of fertilizer to the soil, management of the cover crop residue or
tillage practice, soil temperatures, and soil moisture (Chen et al., 2014; Lawson et al., 2013; Yaffa
et al., 2000).
Incorporation of the cover crop residue in the plasticulture treatment may have resulted in
increased moisture surrounding that material and greater surface area of the residue being
exposed to soil microbes than the residue that was left on the surface. The crop residue on the soil
surface in the strip tillage treatment was exposed to drying sunlight and wind. This interception of
sunlight by the cover crop residue, as opposed to the soil surface, not only likely discouraged
microbial activity on the cover crop residue, but cooled the soil. Lawson et al. (2013) report that
68-86ºF is the ideal soil temperature for mineralization of organic N sources. Soil temperatures
observed in our muskmelon experiment were on average 4ºF warmer in plasticulture plots than
strip tillage, resulting in the plasticulture soil temperatures ranging from the mid to upper range of
the optimal mineralization temperatures while the strip tillage temperatures were from the low to
mid-range.
Hairy vetch cover crops provide plant available nitrogen faster when incorporated into
the soil (Kuo et al., 1996) than when left on the soil surface, as in a strip tillage system, due to the
slowed mineralization rate of the material left on the soil surface (Campiglia et al., 2014). A mix
of hairy vetch and rye was used in this experiment, which would be expected to slightly slow the
mineralization rate compared to hairy vetch alone, due to the higher C:N ratio of this mix (Clark
et al., 1997), and could better synchronize N availability with plant need (Lawson et al., 2013).
When plastic mulch is added to the system, as compared to bare soil in the above mentioned
research, soil nitrogen mineralization and movement is altered. Plastic mulches exclude excessive
water from heavy rainfall events from the root zone, in turn reducing the risk of N leaching from
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the system (Zotarelli et al., 2008). The use of plastic mulch is typically accompanied with drip
irrigation, ensuring that adequate moisture is available for microbial activity and N mineralization
without causing leaching of nutrients. From plastic mulch installation until the early season PSNT
tests were taken (21 and 22 days in 2013 and 2014 respectively) there was 6.54 inches of rain in
2013 and 3.72 inches in 2014. This large amount of rain was able to leach through the strip tillage
planting zone yet was excluded from the plasticulture planting zone, possibly contributing to the
differences in NO3-N levels.
Berger et al. (2012) observed that the use of plastic mulch on ridges can reduce
volatilization of N2O from the planting zone, compared to ridges without plastic mulch,
increasing the N that remains in the systems to be used by the crop, or subsequent crops. This
reduction of N loss due to plastic mulch may have contributed to the higher or equal NO3-N
levels in the plasticulture plots as compared to the strip tillage plots. As N sources were becoming
plant available in the strip tillage system, the in-row zone was susceptible to higher levels of
volatilization and leaching than the plasticulture system. The pelletized chicken litter that was
broadcasted in both treatments was incorporated into the soil in the plasticulture plots and was
incorporated only in the planting row of the strip tillage plots and left on the surface between
rows. Chen et al. (2014) reported a 68% reduction in ammonia emissions when manure was
injected into the soil versus being broadcasted on the soil surface. Similar losses may have
occurred in these experiments as a result of not incorporating the chicken litter between rows.

Soil Temperatures
Higher soil temperatures in the plasticulture treatment compared to the strip tillage
treatment not only increased the mineralization rate of organic nitrogen but also correlated
strongly to plant growth and yields. Plasticulture soil temperatures were significantly higher than
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in the strip tillage treatments, while row cover use numerically increased temperatures in both
production systems. Ibarra et al. (2001) showed a strong relationship of muskmelon plant biomass
and yields to accumulation of degree days measured as soil temperature. This correlation was
stronger with soil temperatures than with air temperature. Ruiz-Machuca et al., (2014) showed
strong relationships between soil temperature and potato growth (R2= 0.94) and between potato
plant biomass and yields (R2= 0.98). This research also showed strong relationships between soil
temperatures and plant size at row cover removal (R2= 0.90) as well as with marketable yields
(R2= 0.76 (2013) to 0.91 (2014)).

Air Temperature
Air temperature in the plant canopy was elevated by row cover use regardless of
production system. That increase in temperature appeared to be associated with increased plant
size. Maximum daily temperatures were 14ºF higher in plasticulture with row cover than non-row
cover treatments in the 2013 muskmelon experiment. These differences, which resulted in
temperatures as high as 120ºF, were anticipated to have detrimental effects on the plants, yet
visual inspection throughout the row cover deployment period indicated larger plant size as a
result of row cover use. The smaller reported plant size of the 2013 plasticulture with row cover
summer squash was a result of mechanical damage due to direct constriction of the plants under
the row cover, as opposed to physiological damage due to heat stress. The damage caused to these
plants was a result of, and in fact worsened by increased growth.
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Light Levels
The increased air temperatures in combination with reduced light levels are thought to
have contributed to the increased plant growth under row cover. 30 weight row covers decrease
light levels to the plant by 26-30% while 19 weight covers reduced light by 22-30%. Plants
increase in productivity under partial shade conditions (Kumar et al., 2014) leading to the
conclusion that over-abundance of photosynthetic photon flux often exceeds what is required by
the plant and can, in fact, lead to photooxidative stress (Soltani et al., 1995). Light levels under
various weights of row covers have been observed to exceed the light saturation level of plants
(Soltani et al., 1995), having no negative effects on plant growth, and possibly enhancing growth,
as observed in this research.

Weed Management
One drawback of row cover use includes the inability to access the planting row for weed
management during row cover deployment. In order to maintain insect pest control by the row
cover, it was left on until the above stated timing of removal. As a result, weeds were not
managed until that time. Despite visual differences that suggested increased weed densities in the
strip tillage with row cover plots over the non-row cover plots, the dried biomass of the weed
samples showed no differences. The summer squash plants did an excellent job of reducing inrow weed pressure after the initial weeding as a result of their broad leaves and upright, bush type
growth habit, effectively shading the soil and slowing the growth of emerging weed seedlings,
while the low vining growth habit of the muskmelon made weed management a challenging
process. Plasticulture plots had very little in-row weed pressure.

61
Striped Cucumber Beetle Population Dynamics
Bachmann (2012) projects the emergence the first field generation of SCB adults in
Pennsylvania to be 794 degree days at base 55ºF (DD) after overwintered adults become active.
This group assumed that overwintered adult SCB became active at 250 DD after 1 January based
on data reported by Bachmann (2012). This would predict that the first field generation of SCB
adults would emerge on 20 July 2013 and 2 August 2014. This is 24 and 23 days after
transplanting in 2013 and 2014 respectively, about two weeks before row cover removal. Our
research observed spikes in the SCB populations that match the predicted dates of emergence of
the first field generation (Fig. 2-3, 2-4, 2-8, and 2-9), leading to that conclusion that the
Bachmann (2012) SCB phenology data is a useful management tool for making decisions based
on SCB emergence timing.
Adult SCB pressure was higher during the 2014 season than in 2013. As a result of
higher early season striped cucumber beetle pressure in 2014, fewer insecticide applications were
needed as a result of row cover use, saving three spray applications in the plasticulture treatments
and two in strip tillage.

Incidence of Bacterial Wilt
As striped cucumber beetles are the primary vectors of bacterial wilt of cucurbits
(Cavanagh et al., 2009), the increased insect pest pressure in 2014 was anticipated to result in
higher amounts of infection. While more incidence of the disease was detected in 2014 than 2013,
the rate of infection was still relatively low, not appearing to have any significant impact on
yields. As anticipated, slightly higher rates of the infected plants were detected in the non-row
cover plots. Claudle et al. (2012), Hernandez (2013), and Rojas et al. (2011) have demonstrated
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that row cover use reduces the season-long incidence of bacterial wilt in years with high beetle
pressure.

Yields
Yields of both crops were anticipated to be highest in the plasticulture production system
and in the row cover plots. In the summer squash experiment in 2013, the intense mechanical
damage to the plasticulture with row cover plants resulted in reduced yields, leading to
plasticulture non-row cover having higher yields. In 2014, summer squash yields showed fewer
disparities between treatments, with only strip tillage non-row cover treatment yields being lower
than the others. Strip tillage with row cover in 2014 gave equal yields to both plasticulture
treatments. The larger plants at row cover removal and 45% higher yields in strip tillage with row
cover compared to non-row cover demonstrates that row covers have the potential to increase
plant growth and yields given appropriate conditions and removal timing. The elevated air
temperatures and decreased light levels under the row cover are attributed to increased yields in
row cover plots. Higher yields in plasticulture plots are primarily attributed to increased soil
temperatures, which affect plant nutrient uptake (Kawasaki et al., 2014), and also the further
elevated air temperatures under row covers, and decreased weed pressure.

2.6) Conclusion
This research showed the difficulties of utilizing a strip tillage production system for
organic cucurbit production. Equal or lower NO3-N levels in strip tillage plots as compared to
plasticulture may have been a result of not incorporating N fertilizer sources and cover crop
material to the soil, leaving these N sources susceptible to volatilization and leaching through the
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soil. In the plasticulture treatment the cover crop was incorporated into the soil and the soil was
warmed, leading to an increased mineralization rate of N sources while excluding excessive
precipitation, limiting leaching, and slowing volatilization as compared to the strip tillage system.
Increased soil temperatures were strongly correlated to higher yields of both cucurbit
crops, with a stronger correlation to muskmelon growth than summer squash growth. The use of
black plastic mulch and removal of insulating plant residue from the soil surface both were
factors in increasing soil temperatures. Despite these observed advantages from the use of black
plastic mulches, the installation and disposal of the plastic mulches have large environmental
impacts. While the use of strip tillage showed dramatically reduced muskmelon yields, showing
their incompatibility with this system, the 2014 summer squash experiment showed that, when
combined with row covers removed at the appropriate time, summer squash have the potential to
produce yields equal to plasticulture plots without row covers in some years, although drastically
reduced yields were also observed in this system. While some potential for the utilization of strip
tillage was seen by this group, similar research conducted at other universities (Ohio State
University, University of Kentucky, and Iowa State University) concluded that strip tillage was
not a suitable alternative to a plasticulture production system for the production of cucurbit crops
(Dieterich, M., A. Skidmore, and J. Tillman. Personal Communication. 16 Dec. 2014).
The use of row covers is a significant on farm investment, yet may be the only effective
organically approved management strategy against economically important pests of cucurbits.
Aside from the cost of the material and installation, and the difficulty of weeding during row
cover deployment, benefits observed from the use of row covers included decreased light levels
to the plant canopy, significantly increased air temperatures, and numerically increased soil
temperatures, resulting in larger muskmelon and summer squash plants. If mechanical damage is
avoided, row covers showed, in many cases, to increase crop yields especially summer squash
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yields. Other observed benefits of row covers included reducing applications of expensive
organic insecticides and slight reductions in bacterial wilt.
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Chapter 3
A Comparison of Plasticulture vs. Strip Tillage Production Systems, With
and Without Row Covers in Conventional Muskmelon and Summer Squash

3.1 Introduction
Cucurbit crops are grown by over 40,000 producers in the Eastern half of the U.S.
(NASS, 2012). The production of most conventionally grown cucurbit crops in this region relies
upon the use of polyethylene mulch on raised beds with drip irrigation, or a plasticulture system.
Insect pests in this system are typically managed with the use of neonicotinoid insecticides. While
both of these factors have many benefits, substituting their use with a strip tillage production
system and spunbonded polypropylene row covers could greatly reduce the economic and
environmental consequences of both soil and pest management.
Black plastic mulches are used for much of the vegetable production in the U.S. for many
reasons, including the near elimination of weed pressure (Miles et al., 2005, Berger et al., 2013),
and increases in soil temperatures by as much as 3ᴼC (Yaghi et al. 2013), typically resulting in
increased yields (Berger et al., 2013; Dong et al., 2014). Despite these advantages, drawbacks of
plasticulture systems include plastic disposal issues and costs (Kyrikou and Briassoulis 2007,
Hussain and Hammid ’03), and increased rates of erosion as a function of intensive tillage used
and the concentration of rainwater runoff (Abdollahi and Munkholm, 2014; Ruidisch et al.,
2013).
Strip tillage systems involve the cultivation of narrow planting zones, leaving residue
from the previous cash or cover crop on the soil surface, which can decrease soil erosion
(Alliaume et al., 2014; Zhou et al., 2009), increases soil moisture retention (Haramoto et al.,
2012), and increases soil microbial communities (Overstreet et al., 2010; Schipanski et al., 2014)
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as compared to conventional tillage. These advantages are largely a function of the undisturbed
crop residue left between rows, which creates a moist protected environment, favorable for soil
fauna. Strip tillage systems have shown the potential to replace the use of conventional tillage for
the production of many, primarily agronomic, crops. Research on the use of strip tillage for
vegetable production has resulted in mixed results that vary largely depending upon the crop.
Crops that have shown equal or higher yields when in strip tillage systems versus bare soil
include cabbage, tomatoes, cucumbers, pumpkins, and carrots (Brainard and Noyes, 2012;
Haramoto and Brainard, 2012; Mitchell et al., 2012; Rapp et al., 2004; Wang and Ngouajio,
2008). To date, no known comparisons of strip tillage systems to plasticulture systems for
vegetable production have been made.
The pests of primary concern to cucurbit growers in the Northeastern U.S. include the
spotted (Diabrotica undecimpunctata) and striped cucumber beetle (Acalymma vittatum)
(Cavanagh et al., 2009). These insect pests cause feeding damage to plant and fruit tissue and, of
higher economic importance, they are the vector of bacterial wilt (Erwinia tracheiphila).
Neonicotinoids are the common early season control method for insect pests of cucurbits (Stoner
et al., 2012). The prohibition of neonicotinoid use is currently being debated within the EPA due
to its detrimental effects on pollinators and beneficial insect predator species (Goulson, 2013,
Williamson et al., 2014, Sandrock et al., 2014). The use of spunbonded polyethylene row cover
for cucurbit production have been shown to effectively decrease early season pest pressure, in
turn reducing season long incidence of bacterial wilt without the use of neonicotinoids
(Hernandez, 2013; Rojas et al., 2011). Plant growth and yields have also been increased in
response to row cover use.
This research compared plasticulture and strip tillage systems, with and without row
covers, in two separate experiments on conventionally managed summer squash (Cucurbita pepo
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‘Lioness’) and muskmelon (Cucumis melo ‘Athena’). Yields, soil nitrate (NO3-N), soil moisture
level, cucumber beetle populations, and incidence of bacterial wilt were measured.
We hypothesized that soil moisture levels would vary depending upon seasonal weather
conditions with sustained elevated moisture levels under the plastic mulch when irrigation was
necessary, and increased moisture in the strip tillage plots as a result of higher rainfall amounts.
Yields were anticipated to be higher in the plasticulture treatment as a result of elevated soil
temperatures and decreased weed competition, but that slight decreases in yields in strip tillage
systems would be acceptable due to decreased input costs. Higher yields and decreased incidence
of bacterial wilt were expected from the row cover treatment as compared to the neonicotinoid
treatment as a response of total exclusion of the pests from the plant up to the row cover removal
date.

3.2 Materials and Methods

Location
Both experiments were conducted at the Pennsylvania State University’s Russell E.
Larson Agricultural Research Station, Rock Springs, Center County, PA (latitude 40°42’45.67”N,
longitude 77°57’5.57”W). This site is composed of a Haggerstown silty loam soil on a 0-3%
slope. The research fields are located in USDA plant hardiness zone 6a. The area receives an
average of 40 inches of rain annually. The research fields had not been planted in cucurbits for at
least two seasons prior to these experiments (Table 3-1). Different fields were used in 2013 and
2014.
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Table 3-1. Field history; Crops planted in research fields 1 and 2 years prior to this research.
Field History
Previous Season
2 Years Prior

2013 Field

2014 Field

Wheat (Triticum sp.)

Wheat (Triticum sp.)

Buckwheat (Fogopyrum
esculentum)

Wheat (Triticum sp.)

Cover Crops
On 11 Sept. 2012 and 10 Sept. 2013, both experimental fields were planted with a cover
crop mix of 75% winter rye (Secale cereal) and 25% hairy vetch (Vicia villosa) at a seeding rate
of 90 lb/acre. The seed was from Johnny’s Selected Seeds (Winslow, ME) (2012) and High
Mowing Seed Company (2013). No fertilizers were applied to the fields prior to planting the
cover crops or during cover crop growth and development. The field received only natural
rainfall.
Cover crop termination was conducted when the rye reached anthesis, or code 6 of the
Zadoks Scale (Zadoks et al., 1974) on 20 May 2013 and 28 May 2014 with an application of
glyphosate1 (Roundup Pro, Monsanto, St. Louis, MO) at a rate of 1.25 lb ai/acre. It was then
mowed using a flail mower set at approximately 10 inches high on 24 May 2013 and 2 June 2014.
A second application of glyphosate at a rate of 1.25 lb ai/acre occurred on 1 June 2013 and 4 June
2014.

1) Roundup Pro is 41% glyphosate, N-(phosphonomethyl) glycine in the form of its
isopropylamine salt. The formulation contains a surfactant. There are four pounds of the active
ingredient glyphosate, in the form of its isopropylamine salt, per gallon of material, and three
pounds per U.S. gallon of the acid glyphosate.
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Definition of Treatments and Field Preparation Practices
The whole plot treatments in both experiments consisted of “field production system”
(plasticulture or strip tillage) and the split-plot factor was “row cover use” (row cover or non-row
cover). After incorporation of the cover crop with a chisel plow and rototiller in the plasticulture
plots (Table 3-2), a bed shaper and plastic layer was used to form 2.5 feet wide and 6 inch high
raised beds. A single line of T-Tape™ 8 millimeter drip-line with 12 inch emitter spacing and a
flow rate of .340 gallons per minute per 100 feet (John Deere Co., Moline, IL) was installed over
the beds. 4 feet wide 1.25 mil embossed black polyethylene mulch (Filmtech Corps of Sigma
Plastic Groups, Allentown, PA) was installed over the beds during the same pass. The beds were
spaced 7 feet between rows center-to-center, with 4 rows per main plot (Fig. 3-2).

Strip
System

Strip
Tillage

Plasticulture

Table 3-2. Field preparation events and dates in 2013 and 2014 for plasticulture (PL) and strip
tillage (ST) production system plots in summer squash (SS) and muskmelon (MM) experiments.
Event/year

2013

2014

Mow Cover Crop
(both experiments)
Chisel Plow (2 Passes)
(both experiments)
Rototill (2 Passes)
(both experiments)
Form Beds and Lay Plastic
(SS experiment)
Form Beds and Lay Plastic
(MM experiment)
Strip Tillage
(SS experiment)
Strip Tillage
(MM experiment)

24 May

2 June

5 June

11 June

6 June

16 June

17 June

16 June

25 June

16 June

5 June

16 June

24 June

16 June

Tillage

Strip tillage plots in both experiments were prepared using a Hiniker™ 6000 strip tillage
implement (Mankato, MN) with notched trash cleaning disks, a cutting-coulter, shank point
assembly, berming disk and rolling basket (Fig. 3.1).
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Figure 3-2. Hiniker™ 6000 strip tillage implement used to prepare the 1foot wide strip tillage
planting zone in each experiment.
Two passes with the implement were needed to adequately prepare a 1foot wide planting
zone. The cover crop residue was left undisturbed between rows. The same row spacing and drip
irrigation line was utilized in both production system treatments (Fig. 3-2).

Figure 3-2. Whole plot treatments with strip tillage at field preparation (left) and plasticulture bed
at field preparation (right) with 7 feet center-to-center row spacing and drip irrigation in both
plots.

Soil Fertility Management
On 13 May 2013 and 27 May 2014, 6 inch deep soil samples were taken within each
production system treatment for analysis of pH, phosphorous (P), and potassium (K) (Appendix
B). Cover crop analysis was conducted on 16 May 2013 and 27 May 2014 to calculate the
nitrogen (N) credit from the cover crop (Oregon State University cover crop calculator; Sullivan
and Andrews, 2012) (Appendix A). Results from both tests were used to determine fertility
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regimes and 60% of the recommended 75lb/acre N (Sánchez et al., 2013) and 100% of the
recommended P and K was broadcasted pre-plant, using an 11-52-0 monoammonium phosphate
granular fertilizer (The Mosaic Company; Plymouth, MN). The last 40% of the N requirement
was to be applied through fertigation using Tracite® 20-20-20 (Helena Chemical, Collierville,
TN).
Two weeks after planting, (24 June 2013 and 2014 for summer squash; 8 July 2013 and
2014 for muskmelon), Pre-Sidedress Nitrate Tests (PSNT) (Agricultural Analytical Services
Laboratory, Pennsylvania State University, University Park, PA) were conducted to determine if
the recommended
Pre-Sidedress Nitrate Tests (PSNT) were conducted by collecting and mixing 12 inch
deep soil cores from 6 arbitrary locations within each whole plot. These soil samples were
analyzed by the Agricultural Analytical Services Laboratory at Pennsylvania State University
(University Park, PA). Samples were collected 7 days after transplanting the summer squash on
24 June 2013 and 25 June 2014 and, in the muskmelon experiment, 15 days after planting on 7
July 2013 and 8 July 2014 when transplants were approximately 6 inches tall. A baseline
threshold of 25 ppm soil NO3-N was set to ensure adequate plant growth throughout the season
(Hartz et al., 2000; Heckman, 2002). Observed 25 ppm present in the soil at this time in some
treatments led to the omission of fertigation in the 2013 season. Samples were collected a second
time in the muskmelon experiments at the final harvest, on 3 October 2013 and 6 October 2014.

Plant Selection and Seedlings
‘Athena’ muskmelon and ‘Lioness’ summer squash seeds were from Seedway®
(Mifflinburg, PA) and were purchased treated with Farmore-DI400 (Thiamethoxam,
Azoxystrobin, Mefenoxam, and Fludioxonil). Summer squash seeds were planted in Sunshine
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Professional Peat Lite Growing Mix® (Sun Gro Horticulture®, Seba Beach, AB, Canada) on 23
May 2013 and 4 June 2014 and muskmelons were planted in the same media on 11 June 2013 and
28 May 2014 and placed in temperature regulated greenhouses. Seedlings were watered twice per
day until transplanting.

Transplanting
Summer Squash
Fifteen seedlings were transplanted per subplot at 2 feet in-row spacing on 18 June 2013
(26 days after seeding (DAS)) and 19 June 2014 (16 DAS). The suggested transplanting time for
summer squash is 14 to 21 DAS (NeSmith, 1992).
Muskmelon
Fifteen seedlings were transplanted per subplot at 2 feet in-row spacing on 26 June 2013
(15 DAS) and 24 June 2014 (28 DAS). Walters and Alan (2003) report that muskmelons produce
highest yields when transplanted 14 DAS.

Row-covers
Installation of 30 weight (30gr/m2) 83 inch wide spunbonded polypropylene row-covers
(Agribond™, San Luis Potosi, Mexico) occurred immediately after transplanting over 64 inches
long spring steel wire hoops (Advancing Alternatives Inc., Schuylkill Haven, PA), arched to 24
inches high over one row of each main plot (RC). Field soil was used to secure the row-cover
edges in the plasticulture treatments while 6 inch landscape anchor pins (Advancing Alternatives
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Inc., Schuylkill Haven, PA) were used to secure the row-cover edges in strip tillage treatments to
avoid disturbing the soil between rows.

Timing of Row-Cover Removal
Summer Squash
Row-covers were removed from the summer squash when 50% of the plants under row
covers in strip tillage plots (being the later to flower) had at least one opened blossom (Hernandez
2013), on 15 July 2013 and 16 July 2014.
Muskmelon
Row-covers were removed from the muskmelons 10 days after the first blossom was
noticed in 50% of row cover treatment plots (Hernandez, 2013), on 23 July 2013 and 25 July
2014.

Pest Management
At transplanting, the non-row cover treatments in the summer squash and muskmelon
experiments received a soil drench application of imidacloprid, (Admire Pro, Bayer Crop
Science, Kansas City, MO) at a rate of 0.25 lb ai/acre as a systemic preventative treatment against
insect pests of cucurbits.
A striped cucumber beetle (SCB) population threshold of one beetle per ten plants was
set as the initial spray threshold until 40 days after transplanting, when the threshold was reduced
to one beetle per plant. Lambda-cyhalothrin (Warrior II with Zeon Technology, Syngenta Crop
Protection LLC. Greensboro, NC) was applied at a rate of 0.021 lb ai/acre when beetle
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populations surpassed threshold levels. Pest scouting was a collaborative effort between two lab
groups and seasonal pest population dynamics are also reported by Lewis (2015).
When prolonged periods of moisture were experienced or projected, fungicide
applications were used to prevent phytophthora blight (causal agent Phytophthora capsici),
downy mildew (causal agent Pseudoperonospora cubensis) and powdery mildew (causal agent
Blumeria graminis). A rotation of two mixes were utilized for the control of fungal pathogen,
with one being a tank mix of copper hydroxide (Champ II, NuFarm, Alsip, IL) at a rate of 0.046
lb ai/acre and 0.125 lb ai/acre famoxadone and 0.125 lb ai/acre cymoxanil (Tanos, Dupont,
Wilmington, DE). This mix was alternated with applications of chlorothalonil (Bravo Weather
Stik, Syngenta, Greensboro, NC) at a rate of 1.5lb ai/acre, tank mixed with triflumizole (Procure
50WS, Chemtura Corporation, Middlebury, CT) applied at 0.188 lb ai/acre. All fungicide
applications were made after row cover removal.
During the 2013 growing season weeds were managed by hand at row cover removal. In
the 2013 muskmelon experiment a second hand weeding was performed at the first harvest. In
2014 a pre-emergent application of clomazone, applied at 0.251 lb ai/acre (Command 3ME,
Helena Chemical Company, Collerville, TN), and S-metolachlor applied at 0.955 lb ai/acre
(Medal II EC, Syngenta Crop Protection LLC, Greensboro, NC) was made prior to planting. This
mix was applied directly over the strip tillage plots, and between rows in the plasticulture plots.
Hand weeding was used for mid-season weed management in strip tillage plots in 2014. No
additional weed management was needed in the plasticulture treatments.
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3.3) Data Collection

Plant Vigor
Summer squash
Plant size was analyzed by measuring the plant height and width of the plant across the
row at row cover removal and again at the last harvest. The products of these measurements are
reported as plant area (in2).
Muskmelon
Plant development was quantified by counting the number of perfect blossoms, staminate
blossoms, and leaves with midribs greater than 2 inches in length within a 4 ft2 quadrant.

Soil Moisture
Volumetric soil water content (m3/m3) was measured hourly (EC-5 Volumetric Water
Content Sensor™, Decagon Devices™, Pullman, WA) from transplanting until the last harvest.
Probes were installed 6 inches deep in all non-row cover subplots in the muskmelon experiment.

Pest Pressure
Weekly scouting was conducted for striped cucumber beetles, spotted cucumber beetles,
western corn root worm, squash bugs and squash vine borers. Scouting occurred within three
randomly selected plants from each subplot. After the melon plants had grown together scouting
was done from within a 1 meter2 quadrants. Scouting began one week after transplanting and
continued until the last squash harvest and one week from the last melon harvest.
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Incidence of Bacterial Wilt
Bacterial wilt was scouted for at mid-summer squash harvest (8 Aug. 2013 and 13 Aug.
2014) and 2 week before the last muskmelon harvest in 2013 (11 Sept.) and 3 weeks before the
last muskmelon harvest in 2014 (17 Sept.). Plants expressing symptoms including wilted leaves
and interveinal chlorosis or necrosis were flagged. If symptoms remained or worsened one week
later, they were marked as diseased with bacterial wilt. Polymerase chain reaction was not used to
confirm diagnosis.

Yields
Summer squash
Summer squash harvests occurred three times per week for four weeks lasting from 19
July to 19 Aug. 2013, and from 21 July to 22 Aug. 2014. The number and weight of marketable
fruit (blemish free, between 6 and 10 inches long) and unmarketable fruit (greater than 10 inches,
insect damaged, diseased, or physical damage) were recorded per subplot per harvest. Reason for
unmarketability was recorded.
Muskmelons
Harvests occurred twice per week until all melons were harvested or vine killing frost
was experienced, lasting from 5 Sept. to 25 Sept. 2013 and from 11 Sept. to 13 Oct. 2014. All
ripe fruit was harvested. Blemish free melons 3lb. and greater were categorized as marketable.
Unmarketable fruit categories included small (under 3lb.), discolored, insect damaged, rodent or
bird damaged, and diseased. Reason for unmarketability was recorded.
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Statistical Analysis
A randomized complete block with split-plot design replicated four times was used with
whole plot treatments consisting of “production system” (plasticulture or strip tillage) and the
split plot factor made up of “row cover use” (row cover or non-row cover). The same
experimental design was used in both years of both experiments. Yields, plant size, and pest
pressure were analyzed using the PROC MIXED application with the Statistical Analysis
Software (SAS®) version 9.4 (SAS Institute, Inc., Cary, NC, 2006). Soil nitrate levels were
analyzed using a two sample t-test using Minitab® 17.1.0 (Minitab, Inc., State College, PA,
2013) after ensuring normality. Data from each year was analyzed separately.

3.4) Results

3.4.1) Summer Squash Experiment

Soil Nitrate Levels
Heckman (2002) suggests that 20-30 ppm NO3-N are required during early annual
vegetable crop growth, about one week after planting, for adequate crop growth throughout the
season. In 2013 soil NO3-N levels in the plasticulture treatments fell within this range two weeks
after transplanting, yet were lower in the strip tillage plots (p=0.010) (Fig. 3-3) . 2014 NO3-N
levels were low in both treatments, being approximately 20% of the 25ppm threshold.
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2013 Soil NO3-N Levels 1 Week
After Transplanting (S. Squash)

2014 Soil NO3-N Levels 1 Week
After Transplanting (S. Squash)
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Figure 3-3. 2013 and 2014 mean soil NO3-N levels for plasticulture and strip tillage treatments one
week after transplanting in the summer squash experiment. Means analyzed by year. (2013 pvalue= 0.004) (2014 p-value= 0.113). Columns with an (*) denote significantly higher levels at
p≤0.05.

Plant Size
Treatment had little effect on plant size at row cover removal, with the strip tillage nonrow cover plants in 2013 being the only treatment with smaller plants at the end of the season. In
2014 strip tillage non-row cover treatment in were the only treatment with statistically smaller
plants (Table 3-3), however row covers in both seasons, and plasticulture in 2014 led to
numerically and visually larger plants.

Table 3-3. 2013 and 2014 summer squash plant size at row cover removal (Early Season) and at
final harvest (Late Season) by production system and row cover treatment. Values equal canopy
area (inches2) across rows (plant height by plant width across rows). Values within columns
followed by differing letters, differ at p≤0.05.
Production
System
Plasticulture

Strip Tillage

Row Cover
Treatment

Summer Squash Plant Size (inches2)
Early Season
Late Season
(2013)
(2013)

Early Season
(2014)

Late Season
(2014)

Row Cover

704 a

1750 a

931a

1529 a

Non-Row Cover

524 a

1548 a

764 a

1368 a

Row Cover

707 a

1378 a

702 a

1628 a

Non-Row Cover

505 a

1250 b

372 b

1593 a
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Pest and Disease Pressure and Insecticide Applications

As a preventative measure against fungal pathogens, one application of copper hydroxide
tank mixed with a formulation of famoxadone and cymoxanil and one application of
chlorothalonil tank mixed with triflumizole were made to the entire experiment in 2013 and 2014
when prolonged periods of rain or high humidity were observed or predicted.
Both row cover and non-row cover with imidacloprid treatments had equal efficacy of
pest control in both production systems and both years (Fig. 3-4 and 3-5) (Lewis, 2015). The
2014 strip tillage plot was the only treatment where the pest threshold was passed prior to row
cover removal leading to two additional insecticide applications in the strip tillage non-row cover
as compared to the strip tillage row cover plots (Table 3-4). All other comparisons had one more
insecticide application with non-row cover than with row cover due to the imidacloprid
application at transplanting. SCB populations generally passed the set threshold one more time in
strip tillage plots than in plasticulture plots, which required one additional insecticide application.
2013 Summer Squash SCB Seasonal Dynamics
Chart
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Figure 3-4. 2013 striped cucumber beetle (SCB, A. vittatum) seasonal dynamics chart by production
system and row cover treatment in the summer squash experiment. Each value is the observed
number of SCB per plant during weekly scouting events, from 1 week after transplanting to the
final harvest. SCB populations in row cover plots before ‘RC Removed’ were not included as SCB
were excluded from the plant zone by the row covers during that time. Key: PL (Plasticulture); ST
(Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).

83
2014 Summer Squash SCB Seasonal Dynamics Chart
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Figure 3-5. 2014 striped cucumber beetle (SCB, A. vittatum) seasonal dynamics chart by production
system and row cover treatment in the summer squash experiment. Each value is the observed
number of SCB per plant during weekly scouting events, from 1 week after transplanting to the
final harvest. SCB populations in row cover plots before ‘RC Removed’ were not included as SCB
were excluded from the plant zone by the row covers during that time. Key: PL (Plasticulture); ST
(Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).

Table 3-4. Total number of insecticide applications by production system and row cover
treatment in the 2013 and 2014 summer squash experiment. Insecticide applications were made
when set thresholds of 1 striped cucumber beetle (SCB, A. vittatum) per 10 plants for the first 40
days after transplanting and 1 SCB per plant from 40 days until the final harvest were met.
Total Number of Insecticide Applications (Summer Squash)
Production
Row Cover
2013
2014
System
Treatment
(no.)
(no.)
Row Cover
1
2
Plasticulture
Non-Row Cover
2
3
Row Cover
2
2
Strip Tillage
Non-Row Cover
3
4

Yields
2013 marketable yields in the strip tillage plots, regardless of row cover treatment, were
31.5% lower than plasticulture plots (p=0.0143) (Table 3-5). No differences in total or marketable
yields were observed with row cover use compared to non-row cover treatments in either
production system in 2013. 2013 unmarketable yields accounted for 24% of the total plasticulture
with row cover harvest, 17% of the plasticulture non-row cover, and 8% of strip tillage yields
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regardless of row cover treatment. Despite numerically higher total yields in the plasticulture with
row cover treatments, the increased amount of unmarketable fruit in that treatment led to equal
marketable yields between the both plasticulture treatments. In 2014, no differences were
observed between treatments in total, marketable, or unmarketable yields.
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Table 3-5. Total, marketable, and unmarketable summer squash yields per 15 plants by production system and row cove treatment in 2013
and 2014± se. Values within the same column followed by different letters differ at p<0.05.

Treatment
Production
System

Plasticulture

Strip Tillage

Row
Cover
Treatment
Row
Cover
Non-Row
Cover
Row
Cover
Non-Row
Cover

Summer Squash Yields/ 15 Plants (30 row ft.)
2013
Total
yield
(lb·15
plants-1)
97.0±7.5 a

Marketable
yield
(lb·15
plants-1)
73.5±3.8 a

Unmarketable
yield
(lb·15
plants-1)
23.5±4.0 a

88.6±9.5 a

73.3±5.4 a

55.4±7.2 b
53.0±6.8 b

Total yield
(lb·15
plants-1)

2014

96.8±12.9 a

Marketabl
e yield
(lb·15
plants-1)
72.2±9.4 a

Unmarketable
yield
(lb·15
plants-1)
24.6±3.8 a

15.3±4.3 b

99.9±10.2 a

76.2±6.1 a

23.7±4.9 a

51.5±6.4 b

3.9±0.9 c

97.9±10.0 a

70.0±5.1 a

27.9±5.1 a

47.9±6.0 b

5.1±1.1 c

97.3±6.0 a

74.9±2.1 a

22.4±4.7 a
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3.4.2) Muskmelon Experiment

Soil Nitrate Levels
Higher amounts of NO3-N were present in the plasticulture than the strip tillage plots 15
days after transplanting in the 2013 season (p = 0.010) (Fig. 3-6) with levels in the strip tillage
plots being below the recommended 20-30 ppm (Heckman, 2002) leading to N fertilizer being
sidedressed in the strip tillage treatments only. At the last harvest in 2013 low levels of NO3-N
were present in both treatments, yet lowest levels were observed in the strip tillage plots.
2013 Early Season Soil NO3-N
Levels (Muskmelon)
30

30

ppm NO3-N

25

*

2013 Soil NO3-N Levels at Last
Harvest (Muskmelon)
Plasticulture

Plasticulture
25

Strip tillage

Strip tillage

20

20

15

15

10

10

5

5

0

0

*

Figure 3-6. 2013 soil NO3-N levels 15 days after transplanting (Early Season) and at last harvest
between plasticulture and strip tillage treatments (muskmelon). (Early p-value= 0.012) (Late pvalue <0.001). Columns with an (*) denote significantly higher NO3-N levels at p≤0.05.
Two weeks after transplanting in 2014, soil NO3-N levels below the 25ppm threshold
were observed in both treatments (Fig. 3-7). Fertilizer was applied to both treatments equally
through weekly fertigation throughout the season. Lower soil NO3-N levels were observed in the
strip tillage plots at the last harvest.
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30

2014 Early Season Soil NO3-N
Levels (Muskmelon)
Plasticulture

25

30

2014 Late Season Soil NO3-N
Levels (Muskmelon)
Plasticulture

25

ppm NO3-N

Strip tillage

Strip tillage

20

20

15

15

10

10

5

5

0

0

*

Figure 3-7. 2014 soil NO3-N levels two weeks after transplanting (Early Season) and at last harvest
(Late Season) between plasticulture and strip tillage production system treatments (muskmelon).
(Early p-value= 0.058) (Late p-value <0.001). Columns with an (*) denote significantly higher
NO3-N levels at p≤ 0.05.

Soil Moisture
Throughout the 2013 growing season there was 12.03 inches of precipitation with
supplemental irrigation during dry periods. Soil moisture levels in strip tillage plots were
numerically higher than those observed in plasticulture plots throughout the 2013 season (Fig. 38). No statistical difference was observed in the season average moisture content (p= 0.449).
Differences in the average soil moisture content were greatest from Aug. 1st to the end of the
season with the soil moisture content in the strip tillage plots being numerically higher than in the
plasticulture plots (p= 0.171).
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Soil Moisture (2013)
0.710
Plasticulture
Strip Till

Volumetric Water
Content M3/M3

0.690
0.670
0.650
0.630
0.610
0.590
0.570
0.550
July 1 to Oct. 1

Figure 3-8. 2013 in row volumetric soil water content (m3/ m3) at the 6 inch depth between the
plasticulture and strip tillage production system treatments in the muskmelon experiment. Data was
collected from 1 week after planting (1 July) to the last harvest (1 Oct.).

The 2014 season was dryer than 2013, receiving only 6.77 inches of precipitation
throughout the growing season. Fertigation was used on a weekly basis during the 2014 season
ensuring that supplemental moisture was provided on a more regular basis than in 2013. No trend
was noticed in 2014 in soil moisture content between production systems (Fig. 3-9), and no
statistical differences were observed between season average soil moisture content (p=0.746).
Soil Moisture (2014)
0.700
Plasticulture

Volumetric Water
Content M3/M3

0.680

Strip tillage

0.660
0.640
0.620
0.600
0.580
15 July to 15 Sept.

Figure 3-9. 2014 in row volumetric soil water content (m3/ m3) at the 6 inch depth between the
plasticulture and strip tillage production system treatments in the muskmelon experiment. Data was
collected from 1 week after planting (1 July) to 3 weeks prior to the last harvest (15 Sept.).
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Physiological Development
In 2013 a higher density of leaves was observed in plasticulture plots versus strip tillage,
regardless of row cover use (p=0.0018), with a larger difference between the two in 2014
(p=0.0010) (Table 3-6). Leaf counts were increased by row cover use in the 2014 strip tillage
plots only, generally resulting in equal leaf counts in all other comparisons. Row cover use
increased the number of staminate and perfect blossoms within the plasticulture systems in both
years. In strip tillage plots with row cover as compared to non-row cover more staminate
blossoms were noticed in both seasons, yet perfect blossoms were equal or lower in row cover
plots compared to non-row cover. Higher or equal numbers of staminate and perfect blossoms
were observed in plasticulture compared to strip tillage plots in both years.
Table 3-6. 2013 and 2014 number of muskmelon staminate blossoms, perfect blossoms, and
leaves per 4ft2 at row cover removal by production system and row cover treatment. Values in the
same row followed by differing letters differ at p≤ 0.05.

Muskmelon Plant Development at Row Cover Removal (Observations from 4ft2 Area)
Production System
Row Cover
Treatment
2013
Leaf Count
(2013)
Staminate Blossoms
(2013)
Perfect Blossoms
(2013)
2014
Leaf Count
(2014)
Staminate Blossoms
(2014)
Perfect Blossoms
(2014)

Plasticulture

Strip Tillage

Row Cover

Non-Row Cover

Row Cover

Non-Row Cover

28.7 b

31.3 a

20.1 c

20.3 c

35.8 a

27.5 b

30.8 b

24.0 b

8.3 a

3.8 b

1.0 c

1.8 b

29.4 a

23.8 a

17.8 b

8.8 c

11.3 a

6.5 b

4.8 c

0.7 d

1.8 a

0.3 b

0.7 b

0.0 b
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Pest and Disease Pressure and Pesticide Applications
As a preventative measure against fungal pathogens, one application of copper hydroxide
tank mixed with a formulation of famoxadone and cymoxanil and one application of
chlorothalonil tank mixed with triflumizole were made to the entire experiment in both 2013 and
2014.
Insect pest pressure was low in 2013 with no scouting event finding SCB populations
past the set threshold (Fig. 3-10) (Lewis, 2015). The application of imidacloprid was avoided
with the use of row cover resulting in no soil or foliar insecticide use on plants in the row cover
treatment that season (Table 3-7).
2013 Muskmelon SCB Seasonal Dynamics Chart
0.7

SCB per Plant

0.6
0.5
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ST NRC
ST RC
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Figure 3-10. 2013 striped cucumber beetle (SCB, A. vittatum) seasonal dynamics chart by
production system and row cover treatment in the muskmelon experiment. Each value is the
observed number of SCB per plant during weekly scouting events, from 1 week after transplanting
to 2 weeks prior to the final harvest. SCB populations in row cover plots before ‘RC Removed’
were not included as SCB were excluded from the plant zone by the row covers during that time.
Key: PL (Plasticulture); ST (Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).
In 2014 early season beetle pressure was high (Fig. 3-11). A soil drench with
imidacloprid along with two additional applications of lambda-cyhalothrin were necessary in the
non-row cover plasticulture plots before the row cover was removed (Table 3-7). Pest pressure
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was lower in the strip tillage plots with smaller plants (Table 3-6), requiring only one insecticide
application after row cover removal.
2014 Muskmelon SCB Seasonal Dynamic Chart
20.0

PL NRC
PL RC
ST NRC
ST RC

SCB per Plant

16.0
12.0

RC
Removed

8.0
4.0
0.0
6/30

7/20

8/9
8/29
Scouting Date

9/18

10/8

Figure 3-11. 2014 striped cucumber beetle (SCB, A. vittatum) seasonal dynamics chart by treatment
(production system by row cover treatment) (muskmelon). Each value is the observed number of
SCB per plant during weekly scouting events, from 1 week after transplanting to 2 weeks prior to
the final harvest. SCB populations in row cover plots before ‘RC Removed’ were not included as
SCB were excluded from the plant zone by the row covers during that time. Key: PL (Plasticulture);
ST (Strip Tillage); NRC (Non-Row Cover); RC (Row Cover).

Table 3-7. Total number of insecticide applications by production system and row cover
treatment in 2013 and 2014 muskmelon experiment. Insecticide applications were made when set
thresholds of 1 striped cucumber beetle (SCB, A. vittatum) per 10 plants for the first 40 days after
transplanting and 1 SCB per plant from 40 days until the final harvest were met.
Total Number of Insecticide Applications (Muskmelon)
Production
System
Plasticulture
Strip Tillage

Row Cover
Treatment
Row Cover
Non-Row Cover
Row Cover
Non-Row Cover

2013
(no.)
0
1
0
1

2014
(no.)
2
5
1
2

Incidence of bacterial wilt
In 2013, there were no detected incidences of bacterial wilt in any treatment. In 2014,
low numbers of infected plants were identified in the plasticulture treatment with a mean 1.3
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infected plants per plot of 15 total plants in non-row cover treatments, and 0.5 infected plants per
plot in row cover plots (p=0.0054). No bacterial wilt was identified in strip tillage plots.

Yields
2013 strip tillage marketable yields, regardless of row cover treatment, were 52.2% lower
than plasticulture yields (p=0.0008) (Table 3-8). No difference in total or marketable yields were
observed between row cover treatments in either production system that year. Within the
plasticulture treatment, unmarketable yields accounted for 19.7% of the total yields in the nonrow cover treatment and 6.8% of total yield in the row cover treatment. Unmarketable yields were
less than 5% of the total 2013 strip tillage yields in either row cover treatment.
In 2014 strip tillage marketable yields, regardless of row cover treatment, were 67.8%
lower than plasticulture yields (p=0.0011) (Table 3-8). 2014 marketable yields were higher in row
cover treatments in plasticulture (p=0.0433) and strip tillage plots (p=0.0008) compared to the
non-row cover treatments. 2014 Unmarketable yields were relatively low being 4-12% of the total
yields in all treatments.
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Table 3-8 Total, marketable, and unmarketable muskmelon yields per 15 plants± se by production system and row cover treatment in 2013
and 2014. Values within the same column followed by different letters differ at p<0.05.

Treatment
Production
System

Row Cover
Treatment
Row Cover

Plasticulture

Non-Row
Cover
Row Cover

Strip Tillage

Non-Row
Cover

Muskmelon Yields/ 15 Plants (30 row ft.)
2013
Total
yield
(lb·15
plants-1)
156.3±11.
5a
152.2±17.
8a
56.7±7.0
b
76.7±12.3
b

Marketable
yield
(lb·15
plants-1)
145.6±2.4
a
122.2±12.1
a
55.8±6.8
b
72.2±6.6
b

Unmarketable
yield
(lb·15
plants-1)
10.7±4.8
b
30.0±11.7
a
0.9±0.5
b
4.5±2.2
b

Total yield
(lb·15
plants-1)
171.2±18.1
a
146.0±13.6
b
80.7±8.9
c
23.1±6.1
d

2014
Marketable
yield
(lb·15
plants-1)
152.7±17.2
a
132.5±13.6
b
70.8±9.7
c
21.3±5.5
d

Unmarketable
yield
(lb·15
plants-1)
18.5±3.9
a
13.5±7.2
a
9.9±2.8
a
1.8±1.0
b
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3.5) Discussion

Soil Nitrate Levels
Factors including management of the cover crop, incorporation of broadcasted fertilizers,
and tillage practices were observed to influence the early season soil nitrate levels in each
production system. Quick release N sources such as monoammonium phosphate and urea are
available to crops soon after application, however, the broadcasted monoammonium phosphate,
applied to both production treatments in this experiment, was fully incorporated into the
plasticulture plots while being only incorporated into the planting row of the strip tillage plots,
remaining on the soil surface between rows. Nash et al. (2013) reported that injection of
anhydrous ammonia and deep banding of urea sources result in higher yields of corn grain in strip
tillage systems than when those fertilizer sources were broadcasted and left on the soil surface in
a strip tillage system. Although surface runoff is reduced with the use of strip tillage, high
amounts of N have still been shown to be lost due to surface runoff if fertilizers are not
incorporated (Nash et al., 2013). Inorganic N sources left on the soil surface are also easily
volatilized at rates much higher than incorporated fertilizer sources (Rochette et al., 2009). The
loss of N2O, a strong greenhouse gas, and various forms of N lost through surface runoff, is not
only expensive to growers, but has serious environmental impacts on climate change and
nitrification of waterways (Patino-Zuniga et al., 2009, Yu et al., 2015). Beger et al. (2013)
showed that plastic mulches act to reduce volatilization of N2O gases. Plastic mulches also
exclude excessive precipitation from the root zone, decreasing leaching of inorganic N sources, in
turn increasing the availability of N to the plant throughout the season.
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C:N ratios of the cover crop at termination were evaluated to determine if immobilization
may have influenced soil N levels. C:N ratios in the 2014 summer squash and muskmelon fields
were 29.7 and 27.7, respectively. Similar C:N ratios were observed in 2013. C:N ratios below 30
are generally thought to not cause immobilization of N sources (SARE, 2007) leading to the
conclusion that little, if any immobilization occurred in these fields.

Soil Moisture
Soil moisture levels in 2013 were consistently numerically higher in the strip tillage plots
than in the plasticulture plots although no differences were observed in 2014. Haramoto and
Brainard (2012) saw similarly higher soil moisture levels in strip tillage as compared to
conventional tillage during one of two growing seasons. When rainfall is the primary crop water
source, Taparauskiene et al. (2014) reported that straw mulch maintains higher soil moisture
levels than plastic mulch and bare soil. In 2013, 12.03 inches of precipitation fell as compared to
6.77 inches in 2014. The strip tillage system was able to absorb this extra precipitation in 2013,
while the plasticulture plots would have excluded much of this natural rainfall from the planting
zone. When irrigation is used, as in this research, the plastic mulch conserves this added moisture
more readily than the in row strip tillage soil that is exposed to drying winds and sunlight. During
the 2014 growing season, fertigation was used on a weekly basis, ensuring that that moisture was
present under the mulch. As the plastic mulch conserved soil moisture from irrigation in a similar
fashion as the between-row cover crop residue in the strip tillage plots conserves moisture from
natural rainfall, equal soil moisture contents were observed in both production system treatments
in 2014.
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Plant Size and Physiological Development
The number of muskmelon leaves and blossoms were generally higher in the plasticulture
production system over the strip tillage system. Similar research conducted by this group
(Chapter 2) reported a strong correlation between increased soil temperatures, as seen in the
plasticulture plots as compared to strip tillage plot, and larger plant size. Increased plant size was
noticed in plasticulture plots in these experiments in both years of the muskmelon experiments
and in the 2014 summer squash experiments. The influence of row cover use on melon plant
development was more varied yet generally resulted in increased leaf density and number of
blossoms in row cover treatments compared to non-row cover treatments in both seasons. Row
covers numerically and visually increased summer squash plant size suggesting that the increased
air temperatures, as was observed with row covers in similar research by this group (Chapter 2),
along with decreased early season pest pressure, led to increased plant growth in both
experiments.

Weed Management
As a result of not applying a pre-emergent herbicide in 2013, and being in a field with a
high population of quackgrass (Elymus repens), weed pressure was high in that year, primarily in
the muskmelon experiment, resulting in high crop maintenance time requirements in the strip
tillage plots compared to the plasticulture plots. The 2014 experimental fields had less quackgrass
and annual weed species, and a pre-emergent herbicide was applied, which nearly eliminated the
need for weeding. By the time that weeds began to grow in 2014, predominantly annual broadleaf
species including pigweed (Amaranthus spp.), common purslane (Portulaca oleracea),
shepherd’s-purse (Capsella bursa-pastoris), common lambsquaters (Chenopodium album), and
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Pennsylvania smartweed (Polygonum pensylvanicum), the summer squash plants had a large
enough canopy to effectively shade out weed seedlings. Late season weed growth was more
aggressive in the muskmelon experiment, but one weeding was sufficient in the strip tillage plots
of that experiment. Row cover use inhibited the ability to manage weeds in strip tillage plots until
row cover removal, making the use of a pre-emergent herbicide particularly important for early
season weed control in strip tillage with row cover plots. The use of plastic mulch resulted in
minimal weed competition in all experiments.

Insect Pest Management
The use of neonicotinoids is a primary tool against insect pests of the conventional
production of cucurbits (Stoner et al., 2012). This research found that the use of row covers
effectively controls these pests with equal efficacy as a soil drench application of imidacloprid at
transplanting. This is a particularly important finding as the European Union recently banned the
use of neonicotinoids in flowering crops that could be visited by bees, such as cucurbits. Similar
legislation is currently being discussed in the U.S. (Gross, 2013). Having alternative pest
management strategies prepared will prove to be important for reducing pesticide use while
maintaining high yields in the case of a ban on neonicotinoids.
Row covers were particularly useful for reducing the number of pesticide applications in
the 2014 strip tillage summer squash treatments, saving two applications, and three in the
plasticulture muskmelons as compared to non-row cover treatments (Lewis, 2015). This was due
to heavy beetle pressure early in the season, when row covers were still on. Highest striped
cucumber beetle populations lined up remarkably well with predicted emergence dates published
by Bachmann (2012), which projects the emergence the first field generation of SCB adults in
Pennsylvania to be 794 degree days base 55ºF (DD) after overwintered adults become active.
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This group assumed that overwintered adult SCB became active at 250 DD from 1 January based
on data reported by Bachmann (2012). Using this data, emergence of the first field generation
was 20 July 2013 and 2 August 2014. The highest SCB populations were observed on 21 July
2013 and 28 July 2014, remarkably close to the predicted emergence dates. Bachmann (2012)
reports emergence of a second field generation to be 998 DD from the emergence of the first field
generation. This was not reached in either year of this research. Utilizing this phenology data
shows potential as a decision making tool for important times for scouting, performing pest
management practices, and for predicting economic usefulness of row cover use as related to
planting date.
Table 3-9. 2013 and 2014 peaks in striped cucumber beetle populations (SCB, A. vittatum), seen
in all treatments (Fig. 3-4, 3-5, 3-10, and 3-11), as compared to projected SCB emergence date
(Bachmann, 2012). Predicted emergence dates are listed in the top row with actual growing
degree days base 55ºF (DD). Dates in the lower two rows are the notable peak populations of the
season. The date of notable SCB populations (bolded), the number of days from the predicted
emergence of SCB (noted in ()), and the DD (noted in {}) are noted for each population peak.
Peak SCB population per plant is also noted at the bottom of each cell.
Striped Cucumber Beetle Populations as Compared to
Projected SCB Emergence Dates in Conventional Experiments
2013 Estimated
2013 1st Field
2014 Estimated
2014 1st Field
Biofix
Generation
Biofix
Generation
Predicted
31 May
20 July
9 June
2 August
Emergence
{250 GDD}
{1049 GDD}
{257 GDD}
{1045 GDD}
Summer
21 July
28 July
Squash Peak
-(1 day)
-(-5 days)
Pest Counts
{1060 GDD}
{1001 GDD}
1.1 beetles/ plant
2.7 beetles/ plant
Muskmelon
21 July
28 July
Peak Pest
-(1 day)
-(-5 days)
Counts
{1060 GDD}
{1001 GDD}
0.2 beetles/ plant
3 beetles/plant
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Incidence of Bacterial Wilt
Claudle et al. (2012), Hernandez (2013), and Rojas et al. (2011) report that row cover use
reduces the incidence of bacterial wilt in cucurbit crops in years with high beetle pressure. As a
result of markedly low SCB pressure in 2013, low incidence of bacterial wilt was noticed in all
comparisons in this research. The increased insect pest pressure in 2014 resulted in higher rates of
the infected plants in the muskmelon plasticulture non-row cover plots than plasticulture with row
covers plots however both plots had relatively low few infected plants. No differences were
observed in other comparisons as a result of low incidence of bacterial wilt in all treatments.

Yields
Walters et al. (2002) reported equal yields between summer squash produced in a no-till
system and in conventional tillage. The comparison between summer squash produced in a strip
tillage system and a plasticulture system in this research showed similar results in one of two
seasons, and drastically higher yields in the plasticulture production system than the strip tillage
system in the other. The higher yields observed in the plasticulture compared to strip tillage in
both years of the muskmelon experiment and in the 2013 summer squash are attributed to the
higher soil temperatures as observed in similar experiments conducted by this group, which
showed strong correlations between higher soil temperature, as seen in the plasticulture system,
and increased muskmelon yields. Summer squash yields on plasticulture were also generally
higher in that experiment (Chapter 2).
Row cover use had no impact on summer squash yields in any comparison. While row
covers had no impact on muskmelon yields in 2013, 2014 yields were significantly higher in row
cover plots as compared to non-row cover plots in both production systems. The beneficial

100
microclimate under the row cover allowed for faster earlier season plant development, leading to
increased yields.

3.6) Conclusions
While the use of plasticulture has shown to have many environmental drawbacks, this
research has demonstrated the benefits of the use of plasticulture over strip tillage, for the
production of summer squash and muskmelons. The use of plasticulture resulted in higher or
equal soil NO3-N levels two weeks after planting and at last harvest. The plastic mulch used in
the plasticulture system may have decreased in-row volatilization and leaching of N from the root
zone as compared to strip tillage. The plasticulture system nearly eliminated in-row weed
pressure, reducing mid-season labor requirements although the use of a pre-emergent herbicide
and planting in a field with minimal perennial weed history greatly reduced these requirements in
the strip tillage system in 2014.
Strip tillage resulted in numerically higher soil moisture content throughout the 2013
season showing the ability of strip tillage to store natural rainfall better than plasticulture,
although in 2014, when the drip irrigation was utilized more frequently, both systems maintained
equal moisture levels. Strip tillage has shown to decrease the need for irrigation, the intensity of
erosion, and to increase soil organic carbon pools (Alliaume et al., 2014; Brainard et al., 2013;
Haramoto and Brainard, 2012). These benefits are obtained as a result of reduced mechanical
field preparation processes, which also saves on labor costs, fuel, and wear on equipment in many
instances (Luna and Staben, 2002; Zhou et al., 2009). While a late planting time was experienced
in this experiment, this could be easily altered by chemically terminating the cover crop earlier in
the season. Muskmelon yields were unacceptably low in strip tillage plots compared to
plasticulture in both seasons. Summer squash yields between all treatments were equal in 2014,
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however, 2013 yields in the plasticulture plots were drastically higher than in the strip tillage
plots.
The use of row covers in the muskmelon experiments generally increased the number of
staminate and perfect muskmelon blossoms at row cover removal and season total yields in most
comparisons. Row cover use resulted in no statistical increases in summer squash plant size or
yields, however, similar research done by this group in organically produced summer squash
found row covers to generally increase plant size and yields of this crop (Chapter 2). This
research found that row covers can not only reduce the number of contact insecticide applications
per season for the control of SCB and other pests of cucurbits, but can also be used as a substitute
for early season soil drench applications of imidacloprid, proving to be a viable alternative for the
sustainable production of cucurbit crops.
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Chapter 4

Conclusions and Synthesis

4.1 Conclusions
This research was conducted in an attempt to quantify the benefits of ecologically based
production practices for the production of summer squash and muskmelon in organic and
conventional systems. While potential problems with the adoption of a strip tillage production
system compared with a plasticulture system for these crops were highlighted, these experiments
have supported findings of past research demonstrating that row cover use is an effective tool for
ecologically based cucurbit production.
While the use of strip tillage production systems increases soil aggregate stability, (Jabro
et al., 2011), beneficial soil fauna populations (Overstreet et al., 2010), and reduces surface runoff
and soil erosion (Alliaume at al., 2014, Zhou et al., 2009) compared to conventional tillage,
chapter 2 reports plasticulture to be a more productive system than strip tillage for the organic
production of summer squash and muskmelons. This research found plasticulture plots, as
compared to strip tillage plots, to have equal or higher soil NO3-N levels two weeks after planting
in all comparisons. The black plastic mulch served to nearly eliminate in-row weed competition,
while warming the soil. Both soil temperatures and soil NO3-N levels correlated strongly with
plant size at row cover removal and yields in the organic muskmelon experiment, the only
experiment in which soil temperature data was collected (Figure 2-10 and 2-11).
As a result of these differences, significantly higher organic muskmelon yields were
observed in the plasticulture system as compared to the strip tillage system in both years, leading
to the conclusion that utilization of strip tillage for organic muskmelon production is not an
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economically viable option. While equal summer squash yields were observed between the
plasticulture and strip tillage systems with row cover use in one year, drastically lower yields
were observed in the strip tillage than the plasticulture treatment in all other comparisons.
Appropriate row cover use is important for recovering the economic investment
associated with their use. If row covers are left on too long or installed improperly they can
damage plants and decrease yields, as was observed in the summer squash research. However,
when removed at the appropriate time, row cover use increased yields in both summer squash
strip tillage treatments and in one year of the muskmelon experiment in the plasticulture
production system. Row covers increased air temperatures and slightly increased soil
temperatures while reducing light levels in the plant canopy zone. The ability of row covers to
exclude pests from the crop is particularly important for organic growers of cucurbit crops, who
have few effective approved insecticides against pests such as the spotted and striped cucumber
beetle (Pederson and Godfrey, 2011). As these pests not only feed on all plant parts of most
cucurbit crops, but also vector bacterial wilt, the total exclusion of pests from the plant early in
the season, reduces the incidence of bacterial wilt, and therefore yield losses later in the season
(Hernandez, 2013, Rojas et al., 2011).
Chapter 3 demonstrated the differences between the productivity of plasticulture and strip
tillage production systems for the conventional production of cucurbit crops. Equal or higher soil
NO3-N levels were again observed in plasticulture compared to strip tillage plots. Soil moisture
content were numerically higher in strip tillage plots in the 2013 season when higher amounts of
natural rainfall was experienced, however when irrigation was used on a regular basis, as in the
2014 season, no differences in soil moisture content were observed between treatments. Yields
were higher in plasticulture as compared to strip tillage plots in all melon comparisons and in one
of the two summer squash seasons. Equal summer squash yields were observed between all
treatments in 2014
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The primary early season pest management strategy for the conventional production of
cucurbits is a soil drench application of imidacloprid or other formulations of neonicotinoids
(Stoner et al., 2014). As these products have been banned in much of the European Union, and
limitations of their use are being debated within the U.S. Environmental Protection Agency due to
the detrimental impacts of their use on pollinator and beneficial insect species (Goulson, 2013,
Williamson et al., 2014, Sandrock et al., 2014), it is important to identify alternative pest
management strategies. This research demonstrated that row cover use is equally effective at
controlling striped cucumber beetle populations as the use of imidacloprid applied as an early
season soil drench. Although low incidence of bacterial wilt was identified in most experiments,
Hernandez (2013) showed the incidence of bacterial wilt to be higher in non-row cover with
imidacloprid treatments as compared to row cover use. Row covers use increased muskmelon
yields in both production systems in one year, but did not influence yields in any other
comparison.
This research has provided information on the difficulties of effectively utilizing strip
tillage production systems for cucurbit crop production. Although the use of strip tillage for the
production of muskmelons and summer squash is not recommended by this group, many of the
findings of this research can be applied for the production of other, more suitable, vegetable crops
in a strip tillage system. This research has reinforced previous research showing the efficacy of
row cover use against pests of cucurbits in both an organic and conventional setting. These
findings can be utilized by growers and extension agencies for the advancement of ecologically
and economically viable vegetable production practices in the Northeastern U.S.
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Appendix A
Cover Crop Bioassay and N Credit Calculations.
The Oregon State University cover crop calculator (http://smallfarms.oregonstate.edu
/node/54) was used in all research fields on 16 May 2013 and 27 May 2014, all above ground
plant material from covers crops was harvested from within 4ft2 quadrants from each research
field to determine total fresh and dry weight, and to calculate the N credit using.
2013 Cover Crop Analysis

% Moisture in Cover
Crop Plant Material
Dry Weight Biomass
of Cover Crop (Tons
Dry Material/A)
%N in Cover Crop
Dry Material
Plant Available
Nitrogen Credit from
Cover Crop (lb/A)
Estimated C:N Ratio
at Cover Crop
Termination

OGSS

OGMM

CVSS

CVMM

83.2%

83%

83.7%

81.7%

4.13

4.29

2.45

3.15

1.84

1.80

2.45

1.68

33.0

34.4

35.4

18.9

23.9

24.4

18.8

26.2

2014 Cover Crop Analysis

% Moisture in Cover
Crop Plant Material
Dry Weight Biomass
of Cover Crop (Tons
Dry Material/A)
%N in Cover Crop
Dry Material
Plant Available
Nitrogen Credit from
Cover Crop (lb/A)
Estimated C:N Ratio
at Cover Crop
Termination

OGSS

OGMM

CVSS

CVMM

88.3%

90%

89%

89%

1.40

1.34

2.08

1.86

2.64

1.85

1.59

1.48

18.0

9.4

8.3

9.0

16.7

24.0

29.7

27.7

Organic (OG), Conventional (CV), Sumer squash (SS), Muskmelons (MM)
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Appendix B
Pre-Season Soil Sample Results. Recommendations from the Pennsylvania State
University’s Agricultural Analytical Services
2013 Pre-season Soil Nutrient Amendment Recommendations
(lb/acre)

Phosphorous (P)
Potassium (K)
Soil pH

OGSS

OGMM

CVSS

CVMM

15.5

18

58.5

65.5

0

0

0

0

7.2

7.0

7.4

6.8

2014 Pre-season Soil Nutrient Amendment Recommendations
(lb/acre)
OGSS
OGMM
CVSS
CVMM
Phosphorous (P)
Potassium (K)
Soil pH

8

4

35.5

32

6

15.5

96.5

76

7.4

7.4

6.8

6.8

Organic (OG), Conventional (CV), Sumer squash (SS), Muskmelons (MM)
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Appendix C

Weed Biomass in Strip Tillage Production System at Row Cover Removal (Organic
Experiments)
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Appendix D

Organic Muskmelon Regression Analyses

Yields vs Soil Temperature (2013 Muskmelon):
Regression Equation;

Yields= -1206 + 16.73 * (Soil Temperature)

Analysis of Variance
Source
Regression
C1
Error
Total
R-sq
76.16%

DF
1
1
9
10

Adj SS Adj MS
24652 24651.7
24652 24651.7
7716
857.4
32368

F-Value
28.75
28.75

P-Value
0.000
0.000

R-sq(adj)
73.51%

Coefficients
Term
Constant
C1

Coef
-1206
16.73

SE Coef
247
3.12

T-Value
-4.88
5.36

P-Value
0.001
0.000

Plant Size vs Soil Temperature (2014 Muskmelon):
Regression Equation;

Plant Size= -427.5 + 6.227 * (Soil Temperature)

Analysis of Variance
Source
DF
Regression
1
Soil Temp (⁰F) 1
Error
9
Total
10
R-sq
81.28%

Adj SS
1549.37
1549.37
356.78
1906.14

Adj MS F-Value P-Value
1549.37 39.08
0.000
1549.37 39.08
0.000
39.64

R-sq(adj)
79.20%

Coefficients
Term
Coef
Constant
-427.5
Soil Temp (⁰F) 6.228

SE Coef
72.6
0.996

T-Value P-Value
-5.89
0.000
6.25
0.000
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Plant Size vs Soil NO3-N (2014 Muskmelon):
Regression Equation;

Plant Size= 6.71 + 0.8708 * (NO3-N)

Analysis of Variance
Source
Regression
Soil NO3-N
Error
Total

DF
1
1
14
15

Adj SS
2646.74
2646.74
195.64
2842.39

Adj MS
2646.74
2646.74
13.97

F-Value
189.40
189.40

P-Value
0.000
0.000

R-sq
R-sq(adj)
93.12% 92.63%
Coefficients
Term
Coef SE Coef
Constant
6.71
1.59
Soil NO3-N 0.8708 0.0633

T-Value P-Value
4.23
0.001
13.76
0.000

Yields vs Soil Temperature (2014 Muskmelon):
Regression Equation;

Yields= -1511 + 21.46 * (Soil Temperature)

Analysis of Variance
Source
DF Adj SS
Regression
1
18405.0
Soil Temp (⁰F) 1 18405.0
Error
9 1741.4
Total
10 20146.4

Adj MS
18405.0
18405.0
193.5

F-Value
95.12
95.12

R-sq
R-sq(adj)
91.36% 90.40%
Coefficients
Term
Coef
Constant
-1511
Soil Temp (⁰F) 21.46

SE Coef
160
2.20

T-Value
-9.42
9.75

P-Value
0.000
0.000

Yields vs Soil NO3-N (2014 Muskmelon):
Regression Equation;
Analysis of Variance

Yields= -6.77 + 2.465 * (NO3-N)

P-Value
0.000
0.000
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Source
Regression
Soil NO3-N
Error
Total
R-sq
79.79%

DF
1
1
14
15

Adj SS
21204
21204
5370
26575

Adj MS
21204.4
21204.4
383.6

F-Value P-Value
55.28
0.000
55.28
0.000

R-sq(adj)
78.35%

Coefficients
Term
Coef
Constant
-6.77
Soil NO3-N 2.465

SE Coef
8.31
0.331

T-Value P-Value
-0.82
0.429
7.43
0.000

