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ABSTRACT

The primary goal of this research study was to provide updated pest management
recommendations to growers, including the reduction of insecticide applications on a calendar
basis by the use of pest economic thresholds, with the purpose of maximizing insecticide efficacy
while minimizing the associated negative impacts on natural enemies and their ecosystem services.

Commercial watermelon (Citrullus lanatus) production in the Midwest typically relies on
neonicotinoid and pyrethroid insecticides to manage insect pests, particularly striped and spotted
cucumber beetles (Acalymma vittatum Fabricius and Diabrotica undecimpunctata howardi Barber,
respectively). The role of arthropod predators in managing cucumber beetles is not well
documented, and data on the effects of insecticides on predators in watermelon production are
deficient. Common cucumber beetle predators include coccinellid beetles found on plants, ground-
dwelling carabid beetles (Coleoptera: Carabidae) and spiders in several families that inhabit the
soil surface in watermelon fields. I hypothesize that these generalist predators and the ecosystem
services (e.g., pest predation) they provide are at risk from insecticides used for pest management
without regard to economic thresholds. My study compared the effect of insecticide use on
cucumber beetle pests, spider predators, collembola populations and field pest predation under two
treatments: 1) watermelons treated with neonicotinoid soil drench and subsequent pyrethroid
sprays, surrounded by corn with neonicotinoid-treated seeds (Conventional), and 2) watermelons
treated only with pyrethroid spray when economic thresholds were reached, surrounded by corn
with untreated seeds (IPM).

The frequent application of insecticides decreased cucumber beetles in the watermelon
plots managed with Conventional pest management; however, they also reduced spider predators,

collembola densities, and field pests predation measurements, possibly due to the subsequent
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pyrethroids applications during the growing season. In addition, our study showed that
neonicotinoid seed treatment in corn had no negative impact on any of the above-mentioned
response variables measured.

Ultimately, following an IPM strategy and the use of pest monitoring helped to reduce
unnecessary insecticides applications, conservation of pest regulatory services provided by natural
enemies, and possibly less ecological impact to manage significant insect pests in watermelon

plots.
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CHAPTER 1. INTRODUCTION

It is essential to determine how insect pests can be most efficiently managed with the
smallest negative effects on the environment, ecosystem services, and non-target organisms
because pest pressures can affect productivity and profitability, global food security, and public
health (Waterfield et al., 2012). A valuable tool for addressing this threat is pest management.
Although pest management includes different strategies for pest control, there are concerns that
some strategies affect the environment, ecosystem services, and the nature of biological control
(Waterfield et al., 2012). This research focused on evaluating the effects of insect pest management
practices on biocontrol agents, primarily generalist spider predators.

Cucurbits, including cucumber, melon, watermelon, pumpkin, and squash, are important
horticultural crops in the United States (Shelby, 2013). Watermelon (Citrullus lanatus) in the
United States had a value of $657 million and covered a total area planted of 116,200 acres in 2018
(United States Department of Agriculture, 2018). Various U.S. states produce watermelon, but
Indiana production is one of the highest in the country. Because of its economic benefit,
watermelon contributed approximately $27 million to Indiana’s economy in 2018 and ranked as
one of the top 5 crops produced by the state (United States Department of Agriculture, 2018).
Nevertheless, the production of watermelon faces significant pest management challenges.

Striped (Acalymma vittatum Fabricius) and spotted (Diabrotica undecimpunctata howardi
Barber) cucumber beetles are the most important pests of watermelon. Watermelon growers in
Indiana are concerned about the striped cucumber beetle due to its early feeding activity in spring
and presence through harvest (Gould, 1943). Both adult and larval beetle life stages feed on
watermelon (Sharma et al., 2016). Root-feeding larvae can reduce plant vigor, thus reducing the

maturity of plants or even Killing seedlings (Gould, 1943). Adults, on the other hand, feed on
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flowers, leaves, and stems at the base of the plant (Sharma et al., 2016), potentially impacting
future production. Additionally, cucumber beetles can cause a reduction in fruit quality due to
feeding on the rind of the fruit.

Different pest management strategies are used to control striped cucumber beetles. Many
watermelon growers in Indiana rely on the use of insecticides without previous pest monitoring.
However, an integrated pest management (IPM) approach should be an attractive strategy for
watermelon cropping because of its potential economic and environmental value. IPM encourages
growers to reduce insecticide applications by monitoring cucumber beetle populations and only
applying insecticides when thresholds are reached with the goal to reduce production costs and
achieve similar production yields while reducing undesirable side effects on pollinators and natural
enemies (Lima et al., 2014).

Research is needed to determine the impact of insecticide use on spiders and their
ecosystem services (e.g., pest predation) in watermelon systems. This study evaluated the effects
of conventional pest management vs. IPM practices on striped cucumber beetles and spider
predators in watermelon surrounded by a corn landscape. The ultimate goal of the research study
was to evaluate the effects of implementing IPM as an economically viable alternative to a regular

insecticide-treatment management strategy.
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CHAPTER 2. LITERATURE REVIEW

Pest Management

Pest management is a strategy used to control any living organism that poses a risk to our
food, fiber, and health security. Pest management has played an essential role in achieving the
current food supply, and its importance will be critical in any agricultural production system
(Waterfield et al., 2012). Since the beginning of agricultural development, growers have had to
compete with harmful insects, collectively called ‘pests’ (Oerke, 2006). These organisms can
reduce crop yields and fruit quality, damage plants, serve as disease vectors, and contaminate food
crops.

Different strategies have been developed to control arthropod pests in agriculture,
including chemical, cultural, plant resistance, mechanical and biological control methods (Flint et
al., 2012). There is much concern about the use of chemicals for pest control due their cumulative
non-sustainable adverse effects on the environment (Pimentel et al., 1986; Krupke et al., 2015;
Sanchez-Bayo et al., 2016), particularly non-target effects on beneficial organisms, including
natural enemies (e.g., predators, parasitoids, microorganisms) and pollinators (Fountain et al.,
2007; Bonmatin et al., 2015; Krupke et al., 2017), and the potential for the development of
pesticide resistance (Jensen, 2000; Kranthi et al., 2002). Additionally, the use of insecticides can
create indirect costs, including impacts on human health in growers or consumers (e.g., poisoning),
as well as long-term effects on the environment (e.g., bioaccumulation) (Margni et al., 2002; Van
Lenteren, 2012). Given the various negative impacts associated with chemical control, there is a
critical need for more environmentally sustainable alternative pest control methods in modern

agriculture.
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Integrated Pest Management

Integrated pest management (IPM) was developed in the early 1970s as a strategy for pest
control (Ehler, 2006) that promotes sustainable agriculture with a strong ecological basis (Kogan,
1998). IPM is an approach that incorporates various tactics for the control of all classes of pests
(e.g., insects, pathogens, weeds, vertebrates) to create an ecologically and economically efficient
production system (Ehler, 2006). These tactics include biological control, cultural practices, host-
plant resistance, genetic manipulation, and the use of pesticides (Lewis et al., 1997; Thomas, 1999;
Flintetal., 2012). The overall goal of IPM is to monitor pest populations and use insecticides only
if economic threshold levels indicate a need. Also, IPM relies on the contribution of other control
methods and tactics for controlling pests, while conserving beneficial insects and the environment
(Thomas, 1999).

IPM tactics have been applied in cucurbit and corn production before the current concept
of IPM was proposed (Flint et al., 2012). Bordeaux mixtures and crop covers made of tobacco
muslin to protect cucumber and melon plants from mildew and striped cucumber beetles,
respectively are early examples (Garman, 1901).

IPM has also been used in corn production. For example, a common management practice
in use is crop rotation, where corn and soybeans are rotated in alternate seasons to reduce insect
pests (Crookston et al., 1991). However, the introduction of Bt (Bacillus thuringiensis) corn in the
agricultural market and insecticide seed treatments for pest management has resulted in many
farmers ignoring the basic tenant of IPM — “treat only if necessary” — due to the assumption that
pests are being controlled during the season using these two treatment methods (Onstad et al.,
2011).

The application of IPM strategies continues to be researched and implemented in cucurbits

and corn for the management of insect pests. However, there is an ongoing discrepancy when
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encouraging growers to implement an IPM approach. Resistance to IPM usually arises from
constraints due to inadequate biology knowledge, difficulties in transferring the technical

information to growers, and institutional conflicts (Stoner et al., 1986).

Cucurbitaceae

Cucurbitaceae is a large family of plants that consists of about 130 genera and 900 species
worldwide (Jeffrey, 2008). All plants in this family are easily damaged by frost; therefore, most
are limited to warmer regions (e.g., tropical and neotropical) (Jeffrey, 2008). Cucurbit crops belong
to this family and provide humans with consumable products and useful fibers (Bisognin, 2002).
Cucurbit production in the U.S. consists of seven significant categories of crops: cucumber fresh
and processing, cantaloupe, honeydew, pumpkin, squash, and watermelon (Cantliffe et al., 2007).
The states in the U.S. with major watermelon production are in the southern and western regions
(e.g., Florida, Georgia, California, and Texas) where the warm production season is the longest in
the country (Wehner, 2008; United States Department of Agriculture, 2017 ). However, according
to data from the 2018 United States Vegetable Summary (United States Department of Agriculture,
2018), the state of Indiana is also a major producer of watermelon, cantaloupe, and pumpkins, with
a total area planted of 14,200 acres and an approximate economic value of $53 million in 2018.
Indiana was ranked at numbers four and five in the list of top states for pumpkin and watermelon

production, respectively, in 2017 (United States Department of Agriculture, 2017 ).

Watermelon

Watermelon (Citrullus lanatus) is a plant member in the cucurbit family, Cucurbitaceae.
Its flowering and fruit development are encouraged by high light intensity and temperature, which

makes watermelon an ideal crop for summer production systems (Wehner, 2008). Watermelon
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grows in trailing vines on the ground; depending on the cultivar, the fruit can vary in size and
shape (Wehner, 2008). Watermelon crops can be planted in the field as seed or by transplanting
seedlings, usually on prepared plastic beds.

Commercially, seeded and seedless varieties are the typical commercial types of
watermelon. The seeded and seedless types have red flesh, but are different in sizes. The seeded
varieties are larger (8-11 kg), while the seedless varieties are oval shape and medium in size (5-8
kg) (Prohens-Tomas et al., 2007). However, seedless watermelon usually leads to a higher price
compared to a seeded watermelon due to consumer demand and the appeal of its newness
(Rangappa et al., 2002). Although the trends for watermelon types changed from seeded to seedless
watermelon (Freeman et al., 2008), growers still have to include male pollinizer plants in their
production to ensure a pollen source for fruit set in the seedless crop. Usually, a male pollinizer is
planted between every third plant within the row (Freeman et al., 2007).

Economically, watermelon in the United States had a value of $657 million and covered a
total area planted of 116,200 acres in 2018 (United States Department of Agriculture, 2018).
Indiana was ranked fifth in the major states for watermelon production in 2017 (United States

Department of Agriculture, 2017 ).

Current Cucurbit Production Practices

Insect populations are affected by many practices in agricultural production. Conventional
and organic production have major differences in terms of management strategies, but both are
current systems used in cucurbit production (Lima et al., 2014; Schmidt et al., 2014; Cunha et al.,
2015). Organic production relies more on cultural controls (e.g., row covers) and fewer chemical

inputs for arthropod pest management than conventional systems (Skidmore, 2018). Conventional
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production uses a broad range of chemical inputs (e.g., insecticides, herbicides, fungicides) to
manage pest organisms (Skidmore, 2018).

Synthetic insecticides such as imidacloprid, permethrin, and carbaryl are insecticides
commonly used today to manage cucurbit arthropod pests in conventional production (Cline et al.,
2008; Lima et al., 2014). Applications of natural plant-based insecticides (e.g., pyrethrin and
spinosad) are the most common insecticides used in cucurbit organic production (Cline et al.,
2008). Due to concerns about the overuse of synthetic chemical controls and their non-target
impacts, IPM strategies have been developed to control pest problems and reduce the use of
insecticides in cucurbit production, starting with the establishment of economic threshold levels

(Brust et al., 1996).

IPM Practices in Cucurbit Production Systems

IPM practices for pest control in cucurbits include the use of cultural control (Doughty et
al., 2016), mechanical control (Summers et al., 2004), plant resistance (Walters, 2003), biological
control (Dieterich Mabin, 2017) and chemical control (Allen et al., 2001). Cultural control is
characterized by the use of management practices that manipulate the vegetation patterns to reduce
the attractiveness of crop plants to pests (Damicone et al., 2007). For example, intercropping,
which involves interplanting pumpkins among corn, is a practice in the U.S. to suppress/reduce
pest populations during the growing season (Welbaum, 2015). Another cultural method is
perimeter trap cropping (PTC), a technique in which the commercial crop is surrounded with a
border trap crop that is attractive to insect pests. PTC is a cultural control practice that helps to
decrease striped cucumber beetle populations, e.g., Blue Hubbard squash border crop (Cavanagh

et al., 2009).
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Mechanical controls are physical manipulations in the environment that alter the
agroecosystem (Szendrei et al., 2016). The use of an intermediate mesh in high tunnels, a physical
structure, could exclude cucumber beetles and prevent their herbivory on cucumbers and melons
(Ingwell et al., 2019). The use of row covers to prevent pest colonization has been a widely
recommended mechanical strategy to defend against cucumber beetles (Snyder, 2015).

Plant resistance includes cucurbit varieties that have been developed to tolerate or resist
pathogens and feeding damage from insects (Wehner, 2008). Breeders at Cornell University
produced a new cucumber variety, “Marketmore 97,” which is resistant to the striped, Acalymma
vittatum and the spotted cucumber beetle, Diabrotica undecimpunctata howardi. The fruit has
green skin with white spines and an average length and diameter of 18.8 cm and 4.8 cm,
respectively, and causes a non-feeding response in these beetles (Cavatorta et al., 2007).

Biological control has been defined by the use of natural enemies to prevent, delay, or
reduce the pest populations in the system. Natural enemies in general, and spider predators
(Araneae: Lycosidae) in particular, have been shown to control and alter the feeding rate of striped
cucumber beetles on cucurbit plants (Williams et al., 2003). Also, field studies combined with soil
bioassays revealed that Steinernema riobravis (Rhabditus: Steinernematidae) (entomopathogenic
nematodes) reduced Acalymma vittatum larval development time in conventional and organic soil
management systems. A 50% reduction in Acalymma vittatum densities in both systems, as
determined by adult emergence, showed the potential use of Steinernema riobravis
(entomopathogenic nematodes) for biological control of striped cucumber beetles in commercial
cucumber production (Ellers-Kirk et al., 2000). An IPM approach commonly uses a combination

of these management strategies to control pests in cucurbits.
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The Major Pests: Striped and Spotted Cucumber Beetles

Cucurbit production faces many arthropod pest management challenges (Gould, 1943;
Metcalf et al., 1962). However, our research focused on the major cucurbit pests in watermelon in
the north-central region of the U.S. - the striped cucumber beetle, Acalymma vittatum F., which is
the most economically important pest of cucurbits in Indiana (Gould, 1943), and the spotted
cucumber beetle, Diabrotica undecimpunctata howardi.

Cucumber beetles overwinter as adults and appear in early spring when cucurbit fields are
planted in Indiana (Foster et al., 1995). The first generation of striped cucumber beetles emerges
as adults in June and early July to feed on foliage and flowers (Day, 2008), and they remain active
until fall. The spotted cucumber beetle arrives later in the summer (June to mid-July) and has 1 to
2 generations per year (Foster, 2016).

Both species of adult beetles are vectors of the bacterium Erwinia tracheiphila, which
causes bacterial wilt, a severe infectious disease of cucurbits (Foster et al., 1995). Since bacterial
wilt harms cucurbit crop production in the midwestern and the northeastern United States, disease
management usually relies on the use of insecticides to suppress vector populations, e.g., striped
and spotted cucumber beetles (Rojas et al., 2015). Because watermelons are much less susceptible
to bacterial wilt than other cucurbits (Foster et al., 1995), the level of management required is not
as intense as in other cucurbits (e.g., muskmelons). The established threshold to treat for striped

cucumber beetles on watermelons is an average of 5 beetles per plant (Foster, 2016).

Current Watermelon Management Practices for Cucumber Beetles

Growers have few realistic options for managing striped cucumber beetles in watermelons.
For example, growers can physically protect young plants from striped cucumber beetle feeding

with row covers, which are removed when flowering begins (Sharma et al., 2016). However, these
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IPM strategies have been extensively researched and developed, and they are often not
economically feasible for large scale watermelon production.

Many growers choose to use a neonicotinoid insecticide in the transplant water at the time
of planting. The established threshold for cucumber beetles on watermelons is an average of 5
beetles per plant (Foster, 2016), and while some growers use that threshold, most use other criteria
(i.e., the presence of beetles in the field) (Foster, unpublished data) to spray. The application of a
systemic insecticide at planting provides approximately three weeks of control (Foster, 2016).
Growers also have the option of spraying foliar insecticides to control beetles, and because
fungicides are frequently applied to watermelons, growers commonly add an inexpensive
pyrethroid insecticide as pest management “insurance” to the spray mixture. Additionally, growers
rely on the use of neonicotinoids as corn seed treatments in the surrounding corn fields, which

describes the typical agricultural landscape for watermelon fields in the state of Indiana.

Impact of Pest Management Practices on Biological Control Agents in Watermelon

The importance of natural enemies in managing striped cucumber beetles is not well
documented. This includes research on the effects of insecticides on beneficial arthropods in
watermelon (Souza et al., 2012). However, there is some evidence that shows predators and the
biological control ecosystem services they provide are at risk when pesticides are used (Desneux
etal., 2007; Hoopwood et al., 2016). Neonicotinoids have been demonstrated to have a direct toxic
effect on natural enemies under laboratory and field conditions (Cloyd et al., 2011), which may
reduce predators and parasitoids efficacy and affect their ability to control pests. Sub-lethal effects
of insecticides on natural enemies (e.g., reproduction) have also been studied (Desneux et al., 2007;
Roubos et al., 2014; Pisa et al., 2015). Insects in the orders Lepidoptera, Diptera, Hymenoptera,

Neuroptera, Hemiptera, and Coleoptera are affected by neonicotinoids (Pisa et al., 2015). However,
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other arthropods, spiders in particular, have been largely ignored in watermelon agroecosystems
(Cunha et al., 2015). Ecotoxicological research on spiders has focused only on a few species (in
particular, linyphiid and lycosid spiders) considered biocontrol agents against economic pests of
various crops (Zaher et al., 2005).

Spiders, as general predators, are sensitive to agricultural management practices and are
often used as bioindicators (Gerlach et al., 2013; Cunhaetal., 2015). They are predators of cucurbit
pests (Schmidt et al., 2014; Dieterich Mabin, 2017), and they can also change the feeding behavior
of the striped cucumber beetle (Williams et al., 2003). The most common spider families observed
in cucurbits are wolf spiders (Araneae: Lycosidae) (Snyder et al., 2001; Cunha et al., 2015) and
sheet web spiders (Araneae: Linyphiidae) (Halaj et al., 2002); however, no research has been done
on the spider community in watermelon in the state of Indiana (USA). Spiders can feed on different
types of prey, including Collembola, Hemiptera, Diptera (Nyffeler, 1999), as well as other spiders.
Their abundance and fitness can be disturbed by insecticides (Dinter et al., 1995; Souzaetal., 2012;
Chen et al., 2012). Evaluating the trade-off between insecticide management and benefit from
general predators (e.g., spiders) could influence grower management decisions in watermelon

production.

Poaceae

The family Poaceae is the most significant flowering plant families in the world. It contains
approximately 800 genera and 11,000 species (Peterson, 2001). This is the most crucial plant
family for food production and demand. Economically essential species include rice (Oryza sativa
L.), wheat (Triticum aestivum L.), corn (Zea mays L.), barley (Hordeum vulgare L.), rye (Secale
cereale L.), oats (Avena sativa L.), sorghum (Sorghum bicolour (L.) Moench), pearl millet

(Pennisetum glaucum (L.) R. Br.), finger millet (Eleusine coracana (L.), Gaertn.), and teff
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(Eragrostis tef (Zucc.) Trotter), which are all crops planted on a global scale (Peterson, 2001). The
most important feature of this family is their grain, which is the food basis for all early and modern

civilizations (Peterson, 2001).

Corn

Zea mays L., commonly called corn or maize, is in the genus Zea in the family Poaceae.
Depending on the use, the grain is usually the most valuable part of the corn plant (Vincent, 2001,
Sarwar et al., 2013). Corn is the most frequently produced crop in the United States, which
accounts for more than 95% of total feed grain production. Most of the corn production is used for
livestock feed, but it is also used for human consumption, alcohol, and ethanol (United States
Department of Agriculture, 2018). This crop had an approximate area planted of 89 million acres
and an economic worth of $51 billion in 2018 (United States Department of Agriculture, 2018).
The state of Indiana is geographically located in the eastern corn belt; therefore, most of its

agricultural land is designated for corn production.

Current Corn Production Practices

Generally, corn in the U.S. is planted by seed. With the increased adoption of no-tillage
and reduced tillage farming, planting dates today are earlier on average (Duncan et al., 2007). Corn
seed is put in the ground as soon as possible, weather and temperature permitting, to reach maturity
at approximately 120 days after planting (Duncan et al., 2007). Cultural control (e.g., crop rotation),
mechanical control (e.g., tillage), and the use of herbicides can contribute to weed control in corn
production (Regehr et al., 2007). Most of the corn seed planted is transgenic with insecticide-
resistant and herbicide-tolerant traits (Onstad et al., 2011). Insect management relies on seed

protectants, usually neonicotinoids, for secondary pest control (Krupke et al., 2015). However,

24



these insecticides may affect beneficial insects (e.g., natural enemies) and non-target areas in

surrounding fields (Krupke et al., 2012).

IPM Practices in Corn Production Systems

With the expansion of transgenic corn and the use of neonicotinoids as insecticide seed
treatments (i.e., seed coating), these approaches are intended to control a large group of primary
and secondary pests in corn (Onstad et al., 2011). Because these management practice decisions
are made when the seeds are purchased, other field-based management practices commonly used
in IPM (e.g., pest monitoring) are not as appealing to growers (Onstad et al., 2011). However, with
the increased use of insecticide seed treatments and the examples of pest resistance (e.g., western
corn rootworm resistance to Bt corn) (Gassmann et al., 2011), future research is focused on
sustainability and understanding the effects of these technologies on beneficial insects and impacts

in the environment (Bates et al., 2005; Hladik et al., 2018).

The Major Pest: Western Corn Rootworm

Our research was conducted in field plots spread across the state of Indiana. Corn is usually
the common landscape surrounding most specialty crops (e.g., cucurbits). The major pest of corn
in Indiana is the western corn rootworm, (Diabrotica virgifera virgifera) (Coleoptera:
Chrysomelidae (Alexander et al., 2005). The adult emerges in mid-summer, and females begin
laying eggs about two weeks after emergence. They overwinter as eggs, and larvae are the most
critical pest stage due to their root-feeding behavior. Also, adults can cause some damage to corn

leaves or silks (Gibb et al., 2008).
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Impact of IPM And Biological Control in Corn

Natural enemies in corn are well documented. These include insect predators (e.g.,
Carabidae, Staphylinidae, Coccinellidae, Lycosidae, Phalangiidae, Hemiptera, and Formicidae;
(Nordlund et al., 1984; Clark et al., 2001), parasitoids (e.g., Braconidae, Eulophidae,
Ichneumonidae, Mermithidae, and Tachinidae; (Sparks et al., 1986; Smith, 1996; Agusti et al.,
2005), microorganisms (e.g., entomopathogenic nematodes, including Heterorhabditis spp. and
Steinernema spp.; (Millar et al., 2002; Rasmann et al., 2005), and entomopathogenic fungi (e.g.,
Beauveria bassiana and Metarhizium anisopliae sensu; (Rudeen et al., 2013). Generalist predators,
such as spiders, have been demonstrated to prey on lepidopteran eggs and provide pest control
services in corn systems (Pfannenstiel, 2008). Ground spiders, including members in the families
Lycosidae, Thomisidae, and Gnaphosidae are found in corn production (Whitford et al., 1987).
Most research in corn is being conducted to understand the target and non-target effects of seed
treatments and GMO crops on arthropod communities (Lopez et al., 2003; Dively, 2005; Harwood

et al., 2007; Moser et al., 2009).

Insect Ecosystem Services

Insects play an influential role in the activity and management of many ecosystem services
(Noriega et al., 2017). Ecosystem services obtain from nature are benefits that humans use to
support their quality of life (Harrington et al., 2010). The food supply, pollination, suppression of
pests and diseases, and the decomposition of organic matter are examples of some of the ecological
services on which humans depend. The largest and most diverse community that supports these
services is insects. Insects are arthropods that contribute significantly to critical ecological

functions such as pollination, pest control, decomposition, and maintenance of wildlife species,
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and have an approximate economic value of $57 billion per year in the United States (Losey et al.,
2006).

Suppression of pests, one of the ecosystem services provided by natural enemies, has been
estimated to have a value of $4.5 billion annually in the United States (Losey et al., 2006).
However, natural enemies that provide this ecosystem service have been diminished by a wide
variety of human activities (Daily, 2003). The adverse effects of human activities include i) habitat
loss, intensive farming, and urbanization; ii) pollution, primarily by the use of synthetic pesticides
and fertilizers; iii) pathogens and invasive species; and iv) climate change (Sanchez-Bayo et al.,
2019).

Although ecosystem services continue to be impacted, the introduction of some new
technologies (e.g., genetically modified organisms) have reduced the use of some pesticides
(Benbrook, 2012). For example, in corn, millions of pounds of organophosphate, carbamate,
pyrethroid, and other soil insecticides were used to protect corn from rootworms. The overall
impact is dramatically less than it used to be (Benbrook, 2012). However, insecticide seed
treatments, another modern technology that historical reduced agricultural pest populations (Elbert
et al., 2008), are probably no longer justified for controlling pests because of little demonstrated
need (Mourtzinis et al., 2019) coupled with their ecological risk (Van der Sluijs et al., 2015).

Intensive agriculture and the recurrent use of insecticides for controlling crop pests have
caused a declining trend in natural enemies in agricultural systems (Losey et al., 2006).
Additionally, pyrethroid, neonicotinoid, and fipronil insecticides have a negative impact on aquatic
insects due to their chronic toxicity (Sanchez-Bayo et al., 2019). Neonicotinoids have been

reported to have a direct toxic effect on natural enemies in laboratory and field conditions (Cloyd
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et al., 2011), and spiders are one of the most important natural enemies worldwide affected by

neonicotinoid insecticides (Chen et al., 2012).

Impact of Neonicotinoids on Spiders

Annual predation by the global spider community is estimated to be in the range of 400—
800 million metric tons (fresh weight) of prey with >90%, primarily insect and collembola
communities (Nyffeler et al., 2017). In cucurbits, spider predation not only affect pest populations,
but they can also influence pest feeding behavior (i.e., cucumber beetles feed less when spiders
are present) (Snyder et al., 1999, 2000).

The importance of spiders as biological control agents begins early in the season when
specialized predators are not present (Riechert, 1999). Their fitness can be disturbed by
insecticides (Souza et al., 2012). Neonicotinoids are commonly used insecticides in pest
management in watermelon production (Foster, 2016) that can affect the performance of spiders
in terms of fecundity, the development time of unexposed offspring, and predation (Chen et al.,
2012).

The ecotoxicology of spiders (about 3% of toxicology papers on natural enemies) has
received limited attention (Theiling et al., 1988; Pekéar, 2012). Early papers evaluated the effects
of acaricides, insecticides, fungicides, and herbicides on spiders in the field and focused mainly
on changes at the community level. The working group ‘Pesticides and Beneficial Organisms’ of
the International Organization for Biological Control performed standardized testing of some
pesticides on natural enemies, but rarely included spiders (Pekéar, 2012). Laboratory studies found
direct sublethal effects on movement, predation, and reproduction in some spiders, but not on all
species. Such tests reveal details about intoxication, but often underestimate mortality in

comparison with field studies (Wiles et al., 1992).
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Impact of Neonicotinoids on Collembola as Food for Spiders

Spiders, as generalist predators, eat a variety of prey, including insects, other spiders, and
microarthropods such as collembola (Nyffeler, 1999). Collembola are ubiquitous alternative prey
for lycosid and linyphiid spiders; they help to maintain spider populations when other prey are not
present (Agusti et al., 2003; Kuusk et al., 2010). Collembola and spiders can be negatively affected
by neonicotinoids (Chen et al., 2012; Pisa et al., 2015).

Collembola are common arthropods in terrestrial ecosystems and are considered
bioindicators of soil health (Rusek, 1998). They disseminate the soil microbiome and are food
sources for many predators including Coleoptera, Arachnida, and Diptera (Rusek, 1998). Intensive
farming, including the use of insecticides, can affect the abundance of collembola (Rusek, 1998).
Neonicotinoids and chlorpyrifos have been demonstrated to reduce collembola numbers (Fountain
et al., 2007; Pisa et al., 2015), which in turn can affect the food chain that other organisms, such

as spiders, rely on.

Impact of Pest Management Practices on Natural Enemies and their Ecosystem Services

Pest suppression by predation is a valuable ecosystem service performed by arthropods
(Losey et al., 2006). Arthropods including spiders and various insects, particularly beetles in the
families Coccinellidae, Carabidae, and Staphylinidae are important generalist predators that
consume a wide range of prey items in agricultural systems (Thorbek et al., 2004). Predation is the
act of a predator feeding upon a prey item (Symondson et al., 2002). However, to be useful as a
pest management action, predators need to keep pest populations from reaching economic
thresholds. To measure this ecosystem service sentinel prey are sometimes used (Jones et al., 2014;
Dieterich Mabin, 2017). Sentinel prey, such as eggs of various pest species (Diabrotica

undecimpunctata howardi B.) and waxworm larvae (Galleria mellonella), are frequently grown in
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laboratory colonies and used in in a variety of lab and field experiments to measure predation
(Dieterich Mabin, 2017; Rivers et al., 2018). To understand the effect of pest management
practices on pest predation, sentinel prey predation studies have been conducted in cucurbit and
corn agroecosystems (Brust et al., 1986; Phillips et al., 2016). However, no research has been done
on predation in watermelon.

However, predation can be affected by crop management practices, including soil
cultivation and pesticide application (Symondson et al., 2002). The most common insecticides
used worldwide are neonicotinoids. These insecticides increased dramatically on field crops such
as corn, wheat, soybean, and cotton in the U.S. after 2003 (Douglas et al., 2015). Treated corn
seeds are used to prevent damage from a broad range of insect pests from different orders, such as
Coleoptera, Lepidoptera, Diptera, Hemiptera, and Hymenoptera, especially when young corn
plants are in the ground (Jeschke et al., 2011). In specialty crops, such as watermelon, the current
primary pest control method adopted by Brazilian growers is a weekly application of
thiamethoxam insecticide without regard to pest threshold recommendations (Lima et al., 2014).

Although these insecticides can be effective at pest control, they can also have negative
impacts on other non-target arthropods (e.g., reduction in diversity and abundance) and the
surrounding environment. Moreover, the use of insecticides without proper pest scouting to
determine the correct time for application (i.e., the economic threshold level) may increase costs,

negatively impact beneficial communities, and contribute to future pest outbreaks (Picanco, 2008).

Concluding Remarks

Determining the impact of insecticides on predators in cucurbit and corn production could
help growers understand the benefits that natural enemies bring to their production systems, and

may influence their decisions regarding the best pest management strategy. The goal of this study
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was to provide updated management recommendations to growers so they can maximize
insecticide efficacy while minimizing the impact on natural enemies. Our study was conducted in
watermelon due to its economic importance and the production acreage in the state of Indiana.

We selected two pest management strategies as field treatments in watermelon production.
These were conventional and integrated pest management strategies. Both strategies differed in
the use of pest scouting (e.g., economic threshold level) to decide if and when insecticides were
applied. We investigated how these pest management strategies influenced populations of striped
cucumber beetle pests and their spider natural enemies, as well as the ecosystem services provided
by natural enemies in a two-year study.

The results of the two-year study should help growers evaluate the trade-offs between
systematic insecticide applications and natural enemy stewardship as a component of IPM. Finally,
we want to help growers make the best pest management decisions by having the information that
will help them be better informed about the pros and cons of an IPM program vs. today’s common

commercial practice of spraying insecticides on a calendar basis.
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CHAPTER 3. EVALUATING THE EFFECT OF INSECTICIDE USE
ON SPIDER PREDATORS IN WATERMELON AND CORN

Abstract

Commercial watermelon (Citrullus lanatus) production in the Midwest typically relies on
neonicotinoid and pyrethroid insecticides to manage insect pests, particularly for striped and
spotted cucumber beetles (Acalymma vittatum and Diabrotica undecimpunctata howardi Barber,
respectively). Common cucumber beetle predators include spiders (Araneae) in the Lycosidae and
Linyphiidae families that inhabit the soil surface in watermelon fields. However, these generalist
predators and the ecosystem services (e.g., pest predation) they provide are usually at risk from
pest management practices used without regard to economic thresholds. Our study compared the
effects of insecticide use on cucumber beetle pests, spider predators and collembola (non-pest prey)
populations under two treatments: 1) watermelons treated with neonicotinoid soil drench at
planting and subsequent pyrethroid sprays, surrounded by corn with neonicotinoid treated seeds
(Conventional pest management), and 2) watermelons treated with pyrethroid sprays only when
economic thresholds were reached, surrounded by corn with untreated seeds (Integrated pest
management - IPM). Insecticide treatments decreased striped cucumber beetle pests in the
conventional fields; additionally, neonicotinoid soil drench at the time of planting and subsequent
pyrethroid sprays in these fields reduced spider predators and collembola populations. In addition,
our study showed that neonicotinoid seed treatment in corn had no impact on either spider or
collembola densities. Implementing an IPM approach is an agroecological and viable alternative

to an insecticide-dependent management strategy.

32



Introduction

Cucurbits, including cucumber, melon, watermelon, pumpkin, and squash, are important
horticultural crops in the United States (Shelby, 2013). Watermelon (Citrullus lanatus) in the
United States had a value of $657 million and was planted on 116,200 acres in 2018 (United States
Department of Agriculture, 2018). The production of cucurbit crops faces significant pest
management challenges. Striped (Acalymma vittatum) and spotted (Diabrotica undecimpunctata
howardi Barber) cucumber beetles are the most important pests of watermelon (Gould, 1943;
Foster et al., 1995; Sharma et al., 2016). Striped cucumber beetle overwinter as an adult in nearby
woodlands and leaf litter, and they reappear soon after cucurbits are planted (Foster, 2016). The
first generation of striped cucumber beetles emerges as adults in June and early July to feed on
foliage and flowers (Day, 2008), and they remain active until fall. The overwinter stages of the
spotted cucumber beetle arrive later in the summer (June to mid-July), and they have 1 to 2
generations per year (Foster, 2016).

Both adult and immature (larval) beetles feed on watermelon. Larval stages can reduce the
vigor of a plant, which results in a reduction in plant size (Sharma et al., 2016). Adults feed on
flowers, leaves, and stems at the base of the plant (Sharma et al., 2016), likely decreasing yields.
Both species serve as a vector of transmission of the bacterium Erwinia tracheiphila that causes
bacterial wilt, a severe infectious disease of many varieties of cucurbits, but not watermelon
(Foster et al., 1995).

A common management strategy for striped cucumber beetles in watermelon in Indiana is
to apply a systemic neonicotinoid insecticide in the transplant water at planting. This preventative
practice does not consider the likelihood of populations of cucumber beetles reaching the threshold
of 5 beetles/plant, but will provide 3 weeks of effective control (Foster, 2016). Growers also have

the option of spraying foliar insecticides, often pyrethroids, to control beetles; because fungicides
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are frequently applied to watermelons, growers commonly add an inexpensive insecticide to the
spray mixture (Foster, 2019).

Most watermelon growers in Indiana and the Midwest grow corn as one of their primary
rotation crops, creating a landscape in which watermelon fields are often surrounded by corn fields.
Virtually all of the seeds used in planting these corn fields are now being treated with a
neonicotinoid insecticide seed treatment (Krupke et al., 2017). Treated corn seeds are used to
prevent damage from a broad range of soil and leaf-feeding pests from different orders including
Coleoptera, Lepidoptera, Diptera, Hemiptera, and Hymenoptera, especially when young corn
plants are in the ground (Jeschke et al., 2011). Studies have shown that the likelihood of developing
damaging populations of any of these pests in Midwest corn fields is quite low (Krupke et al.,
2017).

Although these insecticides are effective at pest control, there are concerns about negative
impacts on other non-target arthropods. Feeding studies using seedling leaf tissue from a corn seed
treated with thiamethoxam and clothianidin showed neurotoxic symptoms on non-target organisms
such as coccinellids, a common natural enemy found in corn (Moser et al., 2009).

Spiders are generalist predators of cucurbit pests (Schmidt et al., 2014; Dieterich Mabin,
2017) that can also be negatively affected by neonicotinoids (Chen et al., 2012) and pyrethroids
(Irungu, 2010). Spiders found in both watermelon and corn systems are sensitive to agricultural
management practices, and are often used as bioindicators for ecosystem health (Gerlach et al.,
2013; Cunha et al., 2015). The most abundant spider families observed in cucurbit growing
systems are wolf spiders (Lycosidae) (Snyder et al., 2001; Cunha et al., 2015) and sheet web
spiders (Linyphiidae) (Halaj et al., 2002). They can feed on different size prey including

Collembola, Hemiptera, and Diptera depending on their feeding behaviors (Nyffeler, 1999).
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Collembola are an important alternative prey for lycosid and linyphiid spiders and help
maintain spider populations when other pests are not present (Agusti et al., 2003; Kuusk et al.,
2010). Both collembola and spiders can be negatively affected by neonicotinoids (Chen et al., 2012;
Pisa et al., 2015).

Monitoring effects of pest management practices on populations of collembola and spiders
can shed light on the overall impact of those practices on the agroecosystem. Consequently, this
study evaluated the effects of conventional pest management (CPM) vs. integrated pest
management (IPM) practices on striped cucumber beetles, spiders and collembola as a potential
spider food source in watermelon surrounded by a corn landscape. The ultimate goal of the study
is to evaluate the effects of implementing an IPM approach as an economically viable alternative

to an insecticide-dependent management strategy.

Research Question

Do insecticides in watermelon production and the surrounding landscapes affect striped

cucumber beetle pests, spider predators, and collembola densities?

Hypothesis

Watermelon managed with IPM practices surrounded by corn planted with untreated seeds
maintain cucumber beetle populations below the economic threshold without the reductions in
spider population densities observed in watermelon fields using conventional pest management
and surrounded by corn plant with neonicotinoid-treated seeds.

Conventional pest management (CPM) practices mentioned above reduce the spider

natural enemy community, diversity, richness, and evenness.
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Obijectives

= Measure the abundance of striped cucumber beetles and spiders in watermelon fields
subject to CPM and IPM practices.

= Measure the diversity, richness, and evenness of the spider natural enemy community.

= Quantify and compare the populations of spiders in corn fields planted with neonicotinoid-

treated or untreated seed.

Materials and Methods
Site locations

The research study took place at 5 Purdue Agricultural Centers (PACs) distributed across
Indiana. The field plots were located at Throckmorton-PAC (Lafayette, IN) (TPAC), Pinney-PAC
(Wanatah, IN) (PPAC), Northeast-PAC (Columbia City, IN) (NEPAC), Southeast-PAC
(Butlerville, IN) (SEPAC), and Southwest-PAC (Vincennes, IN) (SWPAC) (Table 1, Figure 1).
Each agricultural center had a pair of research fields planted with 0.20 ha of watermelon

surrounded by 4.45 — 7.68 ha of corn as replicated blocks in the 2018 and 2019 growing seasons.

Experimental design

At each research center, the paired fields were randomly assigned either CPM or IPM field
treatments. All the production practices for both corn and watermelon were the same except for
insecticide use strategies.

Production practices in watermelon fields included raised beds covered with black plastic
mulch (Grower Solution, 1211A Boyd Farris Road Cookeville, TN 38506, USA) with drip
irrigation tape (Toro Ag 1588 N. Marshall Avenue El Cajon, CA 92020-1523, USA). Each bed

had a width of 91.44 cm with a distance between rows of 182.88 cm and the distance between
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plants within a row of 121.92 cm. Seeds of the varieties Fascination seedless triploid and the
pollinizer SP-6 (Syngenta, Greensboro, NC 27409) were planted in seed trays consisting of 72
square cell plugs in greenhouse conditions at SWPAC. Planted seed trays were moved from the
greenhouse to the shade house before transplanting in the field.

Plant seedlings most excellent into beds for a total of 888 plants in 0.20 ha. The planting
layout consisted of two Fascination plants followed by a transplant plug that contained both a
Fascination plant and an SP-6 plant in a repeating pattern along each row. The corn plots were
established by seeding using a seed planter with a 76.2 cm row width. The variety Spectrum hybrid
6334 (Spectrum Premium Non-GMO, 4105 East 200 South, Suite C, IN 47905, USA) was planted
at a seed rate of 74.03 kg/ha on tilled fields. To simulate the environment often found surrounding
watermelon fields in Indiana, each watermelon plot was planted surrounded by 4.45 — 7.68 ha of
corn at > 3 m from the edge of the corn field, which was planted continuously beginning in 2017.
Each watermelon plot had a dimension of approximately 45.72 m x 45.72 m with 24 separate rows.

All corn seeds were treated with the fungicides thiabendazole, fludioxonil, mefenoxam,
azoxystrobin (Maxim Quattro) (Syngenta Canada Inc. 140 Research Lane, Research Park Guelph,
ON N1G 4Zz3), biological/micronutrient blend (Microking) (AGRA Solutions LLC, 23778
Delphos Jennings Road Delphos, OH 45833, USA), and pyraclostrobin (Stamina®) (BASF Ag
products, 100 Park Avenue Florham Park, NJ 07932, USA). The CPM treated watermelon field
was surrounded by corn planted from seeds treated with the insecticide thiamethoxam (1.25 mg
ai/seed) (Cruiser Maxx 5FS) (Syngenta Canada Inc. 140 Research Lane, Research Park Guelph,
ON N1G 4z3), while the IPM watermelon field was surrounded by corn without the insecticide

seed treatment.
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IPM watermelon fields were not treated at planting with insecticide and were only treated
by foliar application of lambda-cyhalothrin (Warrior 1) (Syngenta Crop Protection, LLC Post
Office Box 18300, Greensboro NC 27419, USA) if the pest threshold (i.e., 5 beetles per
watermelon plant) was reached. CPM managed fields received an application of imidacloprid
(Wrangler) (Loveland Products, INC, 3005 Rocky Mountain Ave
Loveland, CO 80538, USA) at 59.49 L/ha as a soil drench by a spot application at the base of the
plant added to the transplant water immediately following transplanting into the beds. Four
prophylactic applications of lambda-cyhalothrin (every 2-3 weeks) were applied post-emergence
to watermelon fields to replicate conventional pest management applications. The most common
fungicides applied in both watermelon fields were chlorothalonil (Initiate) (Loveland Products,
Inc., PO Box 1286, Greeley, CO 80632), pyraclostrobin (Cabrio) (BASF Corporation 100 Park
Avenue Florham Park, NJ 07932, USA), and fluopyram-tebuconazole (Luna Experience) (Bayer
CropScience 2 T.W. Alexander Drive Research Triangle PK, NC 27709, USA) . In CPM
watermelon field, insecticide was applied post-emergence in a tank mix with the fungicide. The
spray records on each field are included in the Appendix.

In 2019, the watermelon plot occupied a different footprint within the corn plots while
remaining > 3 m from the edge of the corn field. The planting time of both corn and watermelon

was based on local practices as weather permitted (Table 2).

Field sampling methods
Visual observations of striped cucumber beetles and spider predators

One week after watermelon seedling transplant, visual counts were made of all striped
cucumber beetle pests and spider predators found on 15 randomly selected plants distributed across

five transects in the plot. Each transect included three plants at 15, 25, and 35 m from the field
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edge. When watermelon plants overlapped within the row (i.e., when vines were longer than 1 m)
a 1 m? section of a single plant row was sampled. The sampling frequency was weekly beginning

one week after transplanting until harvest, approximately 12 weeks later.

Spider populations

To estimate spider abundance, pitfall traps were placed in both the watermelon and corn
fields. Watermelon field plots were divided into 4 equal quadrants where one centrally located
pitfall trap was placed on the base of a watermelon plant 15 m from the field edge one week after
transplanting. The traps were collected biweekly for six sampling periods that coincided after corn
planting. Traps included a plastic planting pot (16 cm diameter; 22 cm depth) with holes punched
in the bottom. A plastic funnel, also 16 cm in diameter, with the stem cut off was placed inside the
pot to direct trapped spiders and other arthropods into a 350 ml plastic deli cup at the bottom of
each planting pot in 2018, but in 2019 the plastic deli cup up was enlarged to 470 ml to help prevent
the traps from flooding. Each cup was filled with 100% propylene glycol to a depth of 2.5 cm.
Above the trap, a 20 cm x 20 cm sheet of corrugated PVVC was held in place with turf pins as a rain
roof. Pitfall traps in corn were placed 15.24 m from the edge of each side of the watermelon fields
in 4 approximately equal sections of the field.

Collected pitfall traps were processed and spiders were removed to record numbers and
diversity. Specimens were preserved in 70% ethanol for further identification. Spiders were
identified to family level, and where possible, to genus and species using species-level taxonomic
keys (Ubick et al., 2017). Voucher specimens of the identified spiders are stored in the Purdue
Entomological Research Collection (PERC) in the Department of Entomology at Purdue

University.
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Collembola sampling

Watermelon fields were divided into the same 4 quadrants used in the pitfall trap sampling.
Using a bulb planter 10.16-cm depth by 7.62-cm width, one soil core sample was taken within
5.08 cm of the base of a watermelon plant in each quadrant. Soil cores were taken using the same
bulb planter in the corn field 15.24 m from the edge of the watermelon plot in each of the 4
quadrants of the field. Samples were collected during the early (June), mid (July), and late (August)
parts of the season. Collembola specimens were extracted by placing the soil core sample in a
Berlese funnel (Sabu et al., 2011) for three days. Specimens were captured in 70% ethanol and

stored in the lab for counting.

Statistical analysis

Data collected were analyzed based on this research question: Do insecticides in
watermelon production and the surrounding landscapes affect striped cucumber beetle pests, spider
predators, and collembola densities? Counts from the response variables of visual plant
observations, pitfall trap samples, soil core sampling, and spider community metrics, which were
calculated based on spider densities at family level and included Richness, Shannon’s Diversity
Index (H), and Evenness metric (J’), were analyzed using a general linear model (GLIMMIX
procedure in SAS) based on a Poisson distribution with repeated measurements. The results were
collapsed across sampling dates to early, mid and late season periods to limit the number of zeros.
The structure of the model for the response variables was based on the main effects between
replicates for location, treatment, and season. The model, as a fully factorial design, was modified
to run without interactions when the initial runs would not converge. The means were separated
using a Tukey-Kramer test at p = 0.05. Spearman correlations were made with the response

variables of mean total spider and collembola densities.
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Results
Spider community

The major spider community complex consisted of species in the families Lycosidae and
Linyphiidae, corresponding to the guilds of wandering and web-builders, respectively. Spiders in
the family Lycosidae collected in watermelon and corn fields represented 64% of the 3703 spider
species collected during 2018 and 2019. Linyphiidae were 32% of the spider species with the
remaining 4% of the spider species in the families Agelenidae, Anyphaenidae, Araneidae,
Clubionidae, Corinnidae, Dictynidae Gnaphosidae, Phrurolithidae, Pisauridae, Theridiidae,

Thomisidae, Salticidae, Tetragnathidae and Uloboridae (Table 3, Figure 2).

Watermelon visual pest and spider plant counts

The response of striped cucumber beetles from the visual pest plant counts was statistically
significant for location, treatment and season during 2018; likewise for 2019 except for season
(Table 4).

Striped cucumber beetle populations in the IPM plots never reached the economic
threshold of 5 beetles per plant in either year in four of the study sites. Densities exceeded the
threshold at PPAC in both years, but a single application of lambda cyhalothrin brought the
population density below the threshold for the remainder of the season. As expected, the densities
of striped cucumber beetles and spiders found on watermelon plants subjected to IPM practices
were significantly higher than those compared to the CPM treated fields in both seasons (Table 5).
The total number of spiders visually observed on watermelon plants in the IPM treatment were

higher than those observed in the conventional plots during both years of the study (Table 5).
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Spider pitfall trap densities

The response of lycosid densities in watermelon was statistically significant for location,
treatment and season during both years of the study; however, lycosid densities in corn were only
affected by treatment during 2018 and by location and season during the 2019 season. In 2018,
location and season had a statistically significant effect on Linyphiid densities in watermelon and
corn; however, only for location in corn during 2019 (Table 4).

The mean total spiders and mean lycosids collected in watermelon IPM plots were both
statistically higher than the number found in conventional plots in 2018 and 2019 (Table 6).
However, more total spiders and lycosid spiders were collected in the surrounding corn plots
planted with neonicotinoid treated seed compared to the untreated corn plots in 2018, but
differences not significant in 2019. Linyphiid spider means were not statistically different between
treatments in either crop in 2018 or 2019 (Table 6, 7).

Spider family community diversity metrics, Shannon diversity index (H), Richness, and
Evenness, were only significantly affected by season in watermelon and corn in 2018; there was
an effect of treatment on Evenness in corn during 2018 season (Table 8). The means of the Shannon
diversity index (H), Richness, and Evenness were not significantly different in either treatment or
crop during both years of the study (Table 9); however, only untreated corn plots were more Even

in spider populations compared with the treated corn plots during the 2018 season (Table 10).

Collembola soil core densities

Collembola densities in watermelon were significantly affected by treatment during both
years of the study, and also by location and season during the 2019 season. In corn, the only

statistically significant effect on collembola densities was for location in 2018 (Table 4).
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Collembola densities in watermelon were significantly higher in IPM treatments in 2018
and 2019; however, their densities were not significantly different in corn plots, regardless of
treatment in either year (Table 11). Mean collembola densities were only significantly higher in
mid-season in watermelon during 2019 (Table 12).

Mean total spider densities in the untreated corn correlated significantly with collembola
densities in both years (2018: r = 0.44151, n = 120, P = 0.0397; 2019: r = 0.4315, n = 120, P =
0.0277). There were no significant correlations in watermelon managed with either IPM or CPM

treatments, or in treated corn during both years of the study.

Discussion

This study found an effect of pest management practices in watermelon fields on the
densities of pests (e.g., striped cucumber beetles), their natural enemies (e.g., spiders), non-pest
prey (e.g., collembola), but not on spider diversity at the family level. IPM appears to be a suitable
pest management strategy for watermelon production because it would decrease the use of
insecticides by using economic pest thresholds and conserve valuable pest natural enemies (Kogan,
1998). Although, conventional pest management and integrated pest management (IPM) options
are practices currently available, most growers choose conventional pest management practices,
presumable because of improved crop cultivation and economic profitability.

Striped cucumber beetle (SCB) pests in watermelon can be managed without regular
applications of insecticide sprays. This was demonstrated during the 2018 and 2019 growing
seasons, where only one site (PPAC) reached the action threshold level of 5 beetles per plant and
was treated with a pyrethroid insecticide. This indicates that most conventionally managed
watermelon plots were sprayed unnecessarily, and consequently, increased production costs and

disrupted natural enemy communities (e.g., reduced spider densities and other non-pest prey).
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Striped cucumber beetle densities varied during the season and between locations. However, SCB
pest populations remained below the economic threshold level in nearly all of the watermelon
fields. This may be because background beetle densities were low prior to the growing season, and
when coupled with local cucumber beetle natural enemies, they rarely reached the economic
threshold during the growing season. While local natural enemies were likely contributing factors,
tis were not specifically measured in this study.

Another benefit of using IPM strategies is the maintenance of local natural predators to
help suppress pest populations. During this study, the most common spiders species collected in
watermelon and corn were in the families Lycosidae and Linyphiidae, as observed in previous
studies conducted in Midwest cucurbits and corn (Brust et al., 1986; Cunha et al., 2015; Dieterich
Mabin, 2017). Significantly higher numbers of spiders were collected in watermelon in the IPM
managed plots in both years of the study; the pyrethroids applied in the conventionally treated
watermelon fields negatively affected SCB densities, but also reduced both spiders and other prey.

Conventionally managed watermelon and corn fields were only treated at planting with
neonicotinoids as a soil drench (imidacloprid) and seed coating (thiamethoxan), respectively. The
difference between conventional treated watermelon and corn fields was the subsequent pyrethroid
insecticides that were applied every 2 or 3 weeks only in the watermelon fields. However, higher
numbers of total spiders and lycosid spiders were collected in corn plots planted with
neonicotinoid-treated seeds surrounding watermelon managed with conventional practices in 2018,
but not in 2019. This suggested that lycosid spiders are resilient to neonicotinoid seed treatments
compared with non-treated corn seeds in some circumstances. Although, neonicotinoids were the
only insecticide applied as a seed treatment in the conventionally managed corn fields, there was

no evidence that these treatments affected ecological services (e.g., pest predation) or collembola
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densities. A 5-year field study comparing the effects of corn that was either treated or not with a
neonicotinoid seed coating found no effect on densities of spiders (Lopez et al., 2003) as shown in
this study.

Spiders are usually the first predators to reach agricultural fields (Oberg et al., 2008).
Lycosids, corresponding to the guild of wandering spiders, disperse by cursorial movement, and
their hunting behavior is primarily on the soil surface (Bishop et al., 1990). On the contrary,
linyphiids, belonging to a different guild of spiders (e.g., web-builders ), use ballooning behavior
as the primary means of movement for migration and construct webs to catch prey (Weyman,
1993). Their hunting behaviors are different, but as generalist predators, they feed on a variety of
prey (Nyffeler, 1999). Lycosid spiders hunt by a “sit-and-move” strategy (Samu et al., 2003),
making them potentially more susceptible to insecticide exposure (as suggested by our results)
compared with the linyphiids, which employ a “sit-and-wait strategy to catch their prey using a
web built near the ground (Enders, 1975).

Previous studies showed that both spider families can feed on collembola as a food source
(Harwood et al., 2001; Kuusk et al., 2010). In our study, collembola densities were statistically
different between treatments in watermelon fields. The decline in collembola prey in the treated
fields can disrupt the food chain that spiders rely on when other prey are not present. Collembola
are sensitive to insecticides (Fountain et al., 2007; Pisa et al.,, 2015) and are considered
bioindicators of soil health (Gerlach et al., 2013). In a 3-year field study, neonicotinoids applied
as a soil drench decreased collembola densities (Peck, 2009). The combination of neonicotinoids
applied as a soil drench at planting, and regular pyrethroid sprays in the conventionally managed
watermelon fields probably contributed to their decline. However, there did not appear to be a

lingering negative effect of neonicotinoids in corn with treated seed.
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Conventional pest management treatments in watermelon decreased striped cucumber
beetle densities as desired, but also diminished spider and collembola densities compared with
IPM practices. The intensive use of insecticides (calendar sprays) reduce natural enemies (e.g.,
spiders) and their food sources (e.g., striped cucumber beetles and collembola). Scouting and the
use of pest management action thresholds would reduce the use of unnecessary insecticides and
conserve non-target species (e.g., spider predators and collembola populations).

This study demonstrated how pest management practices in watermelon can jeopardize
natural communities of predators and non-pest prey (e.g., spiders and collembola) when
insecticides are used without regard to economic pest thresholds. In addition, our study found that
neonicotinoid seed treatment in corn had no negative impact on either spider or collembola
densities. Overall, the use of IPM to manage watermelon fields compared with conventional pest
management showed two crucial benefits: first and foremost, a decrease in the number of
insecticide applications needed to manage striped cucumber beetle densities; and secondly, the
conservation of predator populations (e.g., spiders) and a non-pest prey (e.g., collembola)

necessary for sustaining the ecosystem regulatory services provided by natural enemies.
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CHAPTER 4. EVALUATING THE EFFECT OF INSECTICIDE USE
ON PREDATION IN WATERMELON AND CORN

Abstract

Commercial watermelon (Citrullus lanatus) production in the Midwest typically relies on
neonicotinoid and pyrethroid insecticides to manage insect pests, particularly for striped and
spotted cucumber beetles (Acalymma vittatum and Diabrotica undecimpunctata howardi Barber,
respectively). Common cucumber beetle predators include coccinellid beetles found on plants,
ground-dwelling carabid beetles (Coleoptera: Carabidae) and lycosid spiders on the soil surface.
However, these predators and the ecosystem services they provide (e.g., pest predation) are at risk
from pest management practices used without regard to economic pest threshold levels. Our study
compared pest predation under two treatments 1) watermelons treated with neonicotinoid soil
drench at planting followed by regular pyrethroid sprays (Conventional Pest Management - CPM),
and 2) watermelons treated with pyrethroid sprays only when economic pest thresholds were
reached (IPM). We measured field predation in three locations across the state of Indiana during
the 2019 growing season. Waxworm larvae (Galleria mellonella) and adult striped cucumber
beetles (Acalymma vittatum F.) were used as surrogate prey to measure field predation in replicated
24-hour assays in both corn and watermelon plots. In watermelon, field predation was higher in
the fields managed with IPM treatments where spider predators and non-pest prey populations

were also higher. No difference was found in field predation between treatments in the corn fields.
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Introduction

Insects play an influential role in the regulation and dynamics of many ecosystem services
(Noriega et al., 2017). Ecosystem services are benefits that humans use and obtain from nature to
support their quality of life (Harrington et al., 2010). The food supply, pollination, suppression of
pests and diseases, and the decomposition of organic matter are some of the essential ecological
services on which humans depend. The largest and most diverse group that supports these services
are insects. Insects and other arthropods contribute to important ecological functions such as pest
control, pollination, and decomposition of organic matter (Losey et al., 2006). These beneficial
outcomes have an estimated economic value of $57 billion per year in the United States (Losey et
al., 2006).

Different crops depend on the services provided by insects. For example, watermelon,
(Citrullus lanatus) a plant member of the cucurbit family, Cucurbitaceae, depends on pollination
for fruit establishment (Foster et al., 1995), as well as suppression of pests — an ecosystem
regulatory service provided by natural enemies. However, there is limited data on the effect of
insecticides on the predators (Souza et al., 2012) and predation services they provide in Midwest
watermelon production. No research has been done on pest predation in watermelon.

Suppression of pests is estimated to have a value of $4.5 billion annually in the United
States (Losey et al., 2006). However, natural enemies that provide this ecosystem service are often
disrupted by a wide variety of human activities (Daily, 2003). These activities include: i) habitat
loss, intensive farming, and urbanization, and ii) pollution, primarily by synthetic pesticides and
fertilizers (Sanchez-Bayo et al., 2019). Individually or in combinations, these activities can
negatively impact these ecosystem services over time.

Intensification of agriculture and the recurrent use of insecticides for controlling crop pests

have caused a widespread decline in natural enemies and the ecosystem services they provide
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(Losey et al., 2006). Pyrethroid, neonicotinoid, and fipronil insecticides have an impact on aquatic
insects due to their chronic toxicity (Sanchez-Bayo et al., 2019). Also, neonicotinoids have been
reported to have a direct toxic effect a wide range of natural enemies in laboratory and field
conditions (Cloyd et al., 2011; Douglas et al., 2015)

Predatory arthropods and their ecosystem services are at risk when pesticides are used
(Desneux et al., 2007; Hoopwood et al., 2016). Predation has been measured in different crops in
the Midwest including corn and cucurbit production using sentinel prey (Jones et al., 2014;
Dieterich Mabin, 2017). Sentinel prey (i.e., prey growing in laboratory conditions) used to measure
field predation in these studies included insect eggs (Diabrotica undecimpunctata howardi B.) and
waxworm larvae (Galleria mellonella). These prey are strategically placed in the field for a
specific period of time and then are collected and scored for signs of predation (Dieterich Mabin,
2017; Rivers et al., 2018). However, no field predation research has been done in watermelon.

The present study evaluated the effects of conventional vs. IPM practices on pest predation
in watermelon and in the adjacent corn. We assessed predation by quantifying the differences
between caged and uncaged surrogate prey under conventional pest management or IPM practices
as field treatments. The differences in predation will confirm whether there is a difference of
conventional management practices, which will ultimately help us better understand how to
manage watermelon pests while preserving natural enemy ecosystem services. The ultimate goal
of the study is to show growers the benefits of implementing an IPM approach that can maintain

an economically viable trade-off between insecticide use and conservation of natural enemies.

Research question

Do insecticide treatments in watermelon and the adjacent corn affect field predation?

49



Hypothesis

Watermelon production managed using conventional pest management surrounded by corn
planted with neonicotinoid-treated seeds has less predation than watermelon managed with IPM

practices surrounded by corn planted with untreated seeds.

Objectives

= Measure predation in watermelon fields subject to conventional pest management and IPM
management practices.
= Quantify and compare predation in adjacent corn fields planted with neonicotinoid-treated

or untreated seeds.

Materials and Methods
Site locations

This study was conducted in TPAC, PPAC, and SWPAC research centers. Coordinates and

sizes of the field plots by these locations are described in Chapter 3.

Experimental design

This study was conducted in field plots based on the same experimental design described

in Chapter 3.

Field experiments

Preliminary field trials in corn and watermelon using sentinel eggs and waxworm larvae during
the 2018 season

This work was conducted at Throckmorton-Purdue Agricultural Center (Lafayette, IN) in

an area dedicated for specialty crop research. The agricultural center had a pair of research fields
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(GPS coordinates 40.3010, -86.9091; 40.2708; -86.8766) planted with 0.20 ha of watermelon
surrounded by 6.07 acres of corn in the 2018 growing season.

To determine the amount of predation occurring in watermelon and corn fields under
different pest management treatments, we conducted a field predation study using surrogate prey
in sentinel predation assays during mid-late season.

Each watermelon field was divided into 4 equal quadrants. Each quadrant received two
sentinel prey replicates consisting of spotted cucumber beetle eggs (Diabrotica undecimpunctata
howardi Barber), and waxworm larvae (Galleria mellonella) mounted on plastic cards. Separate
cards were created for each prey species by gluing 30 viable spotted cucumber beetle eggs and
securing one live waxworm larva. The eggs were glued using nontoxic silicone aquarium sealant
(Phillips et al., 2016), and the live larvae were attached with transparent rubber bands to the top
third of separate white plastic plant markers (2.54-cm length x 1.58-cm width) in a circular area of
1.5 cm in diameter. Two egg and two larval cards per replicate were placed on the soil with two
cards unprotected and the other two protected with a clip cage as an environmental control. All
cards were placed on the soil in a horizontal position enclosed by a secured small metal cage (8-
cm length x 8-cm width) with 1-cm? openings for free access of arthropods. There were eight
replicates per field treatment for a total of 32 cards (= 8 reps x 2 treatments x 2 crops = 32 cards).

Egg cards were placed 10 cm from a plant base with the cards facing north to limit direct
sunlight. In the watermelon fields, sets of cards were placed at the base of two randomly selected
plants within each quadrant of the field for a total of 8 locations within each field. Cards were
placed in the corn fields 15.24 m from the edge of each side of the watermelon fields. Cards were
set up in the field at 9:00 am and left for 24 hr. The following morning, the cards were collected

and returned to the lab to determine the proportion of eggs and larvae subjected to predation. In
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the laboratory, all egg and larval cards collected were scored for predation. The protocol for
scoring predation consisted of a binary system on a scale of 1 and 0 with predation determined by

any sign of damage or no damage in comparison with the environmental controls.

Field trials in watermelon and corn using waxworm larvae and striped cucumber beetle during
the 2019 season

Based on our preliminary field trials in 2018, we decided to conduct field predation trials
in additional locations repeated over the entire field season. The study was conducted with two
single prey items, waxworm larvae (Galleria mellonella) and striped cucumber beetle adults
(Acalymma vittatum F.), during early, mid and late season to determine field predation between
conventional pest management (CPM) and IPM field treatments. Cucumber beetle eggs were not
included in these trials because there were no signs of predation in preliminary field trials
conducted with this single prey item.

This work was conducted at Throckmorton-Purdue Agricultural Center (Lafayette, IN)
(GPS coordinates 40.3010, -86.9091; 40.2708), Pinney-PAC (Wanatah, IN) (GPS coordinates
41.4551; -86.9364; 41.4037; -86.8959) and Southwest-PAC (Vincennes, IN) (GPS coordinates
38.7811; -87.4505; 38.7393; -87.4903) in an area dedicated for specialty crop research. Each
agricultural center had a pair of research fields planted with 0.20 ha of watermelon surrounded by
6.07 ha of corn in the 2019 growing season.

To determine the amount of predation occurring in the differently managed watermelon
and corn fields, we conducted field predation assay during the early (June), mid (July), and late
(August) periods of the 2019 growing season. Each watermelon field was divided into 4 equal
quadrants. Each quadrant received two sentinel prey replicates consisting of waxworm larvae
(Galleria mellonella) and one replicate of a striped cucumber beetle adult (Acalymma vittatum F.)

mounted on plastic plant markers (2.54-cm length x 1.58-cm width) in a small circular area of 1.5
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cm in diameter. Separate cards were created by mounting one live waxworm larvae tied with
transparent rubber bands and one live striped cucumber beetle adult glued on its elytra in prone
position. Two larval and two cucumber beetle cards per replicate were placed on the soil with one
card unprotected and the other protected with a clip cage as an environmental control. All cards
were placed on the soil in a horizontal position enclosed by a secured small metal cage (8-cm
length x 8-cm width) with 1-cm? openings for free access of arthropods. There were 12 replicates
per watermelon and corn field for a total of 48 cards.

Waxworm larvae and cucumber beetle cards were placed 10 cm from the plant base with
the cards facing north to limit direct sunlight. In the watermelon fields, sets of cards were placed
at the base of three randomly selected plants within each quadrant for a total of 12 locations in
each field. Cards were placed in the corn fields 15.24 m from the edge of each of the four sides of
the watermelon fields. Cards were set up in the field at 9:00 am and left for 24 hr. The following
morning, the cards were collected and returned to the lab to determine the proportion of larvae and
cucumber beetles subjected to predation. The protocol for scoring predation consisted of a binary
system on a scale of 1 and 0 with predation determined by any sign of damage or no damage in

comparison with the environmental controls.

Statistical analysis

Predation studies were analyzed based on this research question: Do insecticide treatments
in watermelon production and the surrounding corn landscapes affect field predation rates?
Predation was analyzed using a general linear model (GLIMMIX procedure in SAS). The response
variable, which was the proportion of prey subject to predation, was transformed using the arcsin

function to stabilize variances and normalize proportional data. The structure of the model for the
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response variable was based on the main effects between replicates for location, treatment and

season. The means were separated using a Tukey-Kramer test at p = 0.05.

Results
Preliminary field trials in watermelon and corn conducted in TPAC during 2018

In the 2018 season, the mean proportion predation of waxworm larvae and spotted
cucumber beetle eggs in watermelon and corn plots was significantly higher in plots managed with
IPM vs CPM treatments (Table 13). The interaction of Treatment*Prey was statistically different
in watermelon (Fi154 = 8.97, P = 0.001) and corn plots (F1,22 = 9.86, P = 0.0048); there was no
difference between prey in watermelon (Fi1,54=0.10, P = 0.7543), but a difference between prey in
corn (F1,22= 6.57, P = 0.0178). On the other hand, the treated neonicotinoid corn field had less
predation compared with the untreated field. Overall, field predation was higher in corn compared

to watermelon, regardless of prey.

Field trials in watermelon during 2019

In the 2019 season, the mean proportion predation of waxworm larvae (F1,126=11.41, P =
0.001) and striped cucumber beetles (Fi6s4 = 20.74, P < 0.0001) in watermelon plots was
significantly higher in plots managed with IPM vs conventional pest management treatments
(Table 15). Mid and late season predation was significantly higher than the early season (Table
16). The mean proportion predation was significantly affected by treatment and season in both
type of preys (e.g., striped cucumber beetle and waxworm larvae), but there was an effect by

location only for waxworm larvae, based on the structure of the statistical model (Table 14).
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Field trials in corn during 2019

In the 2019 season, there was no difference in the proportion predation of waxworm larvae
(F1,120= 0.05, P = 0.8175) and striped cucumber beetles (F162= 0.62, P = 0.4353) in corn plots,
regardless of treatment (Table 15). The mean proportion predation was significantly higher mid
season (Table 16). Overall, corn plots had a higher mean proportion predation compared with
watermelon plots as observed in 2018. The mean proportion predation was significantly affected
by season in both type of preys (e.g., striped cucumber beetle and waxworm larvae), but there was

an effect of location only for striped cucumber beetles (Table 14).

Discussion

Suppression of pests and diseases, pollination, and the decomposition of organic matter are
the major beneficial ecosystem services provided by insects and other vertebrates. These free
services, on which agricultural production depends, can be affected by different human activities.

Intensive farming, in particular the use of pesticides, contributed to the worldwide
declination of insects (Sanchez-Bayo et al., 2019). Some species of this group are considered
natural predators of insect pests in agricultural fields. The overuse of insecticides and the
intensification of agriculture may have affected the regulatory pest services (e.g., predation)
contributed by these organisms.

Predation is one of the valuable ecosystem services provided by natural enemies that have
been affected by pest management practices (Brust et al., 1986; Monteiro et al., 2013). The overuse
of insecticides can reduce the number of pests, but they can also decrease the number of natural
predators and other non-pest species in agricultural fields (Croft et al., 1975). Neonicotinoids and
pyrethroids reveal to have adverse effects on the abundance of natural predators (Douglas et al.,

2016). These insecticides, commonly used to manage cucumber beetle pests, may have decreased
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the abundance of arthropod natural enemies and their major ecological service (e.g., pest predation)
in watermelon plots.

Reducing the frequency of unnecessary insecticide sprays in the IPM fields help maintain
predators that are needed for their pest regulation services. This is what we found in our
watermelon plots (Chapter 3). Fields managed with IPM practices maintained higher densities of
spider predators and non-pest prey (collembola) compared with the conventionally managed fields.
However, field predation in the corn fields did not differ between treatments. This is probably
because corn fields were basically unmanaged in terms of insect pest management treatments once
they were planted.

Field predation was greater in the IPM managed plots and varied during the season in both
crops. Predation of striped cucumber beetles and waxworm larvae increased as the season
progressed. The reduced number of insecticide applications in these fields contributed to the
maintenance of natural predators and their ecosystem services, resulting in a pest and natural
enemy equilibrium, in which pests are managed by natural predators without the use of insecticides
to control them.

Spider predators were not the only predators found in the pitfall traps, but they may have
contributed to the general predation in the IPM treatment (Chapter 3). Other predators observed in
the field preying upon the sentinel prey during the assays included spiders, carabids, coccinellids,
and ants. The observed abundance of natural enemies in the IPM treatment certainly contributed
to this free ecosystem service.

Overall, watermelon growers need to reevaluate their pest management practices and make
changes that will improve their production and reduce the negative impacts on non-target species

and the surrounding environments. Predation is an ecosystem service that must be valued just as
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pollination is in watermelon production, and growers need to take it into consideration when
deciding on the best pest management strategy. Growers can effectively manage their pests without
the frequent use of insecticides if they follow IPM practices that also help maintain natural enemies

and preserve the predation regulation they provide as a necessary and valuable ecological service.
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CHAPTER 5. CONCLUSIONS

In this study, we found that growers in Indiana can successfully manage watermelon pests,
reduce the frequent use of insecticides, and enhance the ecosystem services provided by natural
enemies by monitoring pest populations for economic pest thresholds before they spray. Integrated
pest management (IPM) has proven to be a tool that reduces the exposure of watermelon predators
and other non-target species to the negative impacts of insecticides. Although growers do not
typically follow an IPM approach to manage pests in commercial watermelon production, we
demonstrated that this practice can successfully manage the pests without disrupting natural
enemies and the ecosystem services (e.g., pest predation) they provide.

Achieving economic pest management and also conserving natural enemies are reasons
why integrated pest management is needed in commercial watermelon production. Integrated pest
management is a way to reduce insecticide usage, lower production costs, and conserve natural
communities. Additionally, other benefits include reduced non-target environmental impacts and
lowered risks of effects on human health. This study suggests shifting the current intensive
agricultural pest management practices, which raised concerns about the indiscriminate use of
insecticides, to a more agroecologically sustainable approach. Growers who embrace integrated
pest management in their production can begin replacing some of their intensive agriculture
practices with more sustainable approaches.

This study adds valuable information towards understanding the effects of insecticides on
predators in watermelon production, which is information that was previously lacking, and

consequently, poorly understood.
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Table 1: Coordinates and size of the field plots by location, treatment and crop in 2018 and 2019.

Location Field treatment Latitude - Longitude Plot Size (ha)
Watermelon Corn
TPAC Conventional 40.2708; -86.8766 0.2 4.58
TPAC IPM 40.3010; -86.9091 0.2 5
SWPAC |Conventional 38.7811; -87.4505 0.2 5.18
SWPAC |IPM 38.7393; -87.4903 0.2 4.98
SEPAC Conventional 39.0288; -85.5358 0.2 4.82
SEPAC IPM 39.0795; -85.5058 0.2 7.32
PPAC Conventional 41.4037; -86.8959 0.2 7.85
PPAC IPM 41.4551; -86.9364 0.2 5.7
NEPAC Conventional 41.1171; -85.4504 0.2 6.17
NEPAC IPM 41.1957; -85.3962 0.2 5.71
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Table 2: Dates of planting, harvest and pitfall trap sampling by location and treatment in 2018 and 2019.

2018
. Planting Harvesting Pitfall trap sampling
Location Treatment Watermelon Corn Watermelon Corn Initial End
TPAC Conventional |22-May May-8 3-Aug-18 17-Oct 1-Jun 16-Aug
TPAC IPM 22-May May-2 3-Aug-18 29-Oct 1-Jun 16-Aug
PPAC Conventional |4-Jun 1-Jun 20-Aug-18 15-Oct 13-Jun 28-Aug
PPAC IPM 4-Jun 1-Jun 20-Aug-18 1-Nov 13-Jun 28-Aug
NEPAC Conventional |8-Jun 30-Apr 31-Aug-18 9-Oct 12-Jun 30-Aug
NEPAC IPM 8-Jun 30-Apr 31-Aug-18 3-Oct 12-Jun 30-Aug
SEPAC Conventional | 24-May 9-May 2-Aug-18 4-Oct 31-May 24-Aug
SEPAC IPM 24-May 8-May 2-Aug-18 5-Oct 31-May 24-Aug
SWPAC Conventional |18-May 30-Apr 24-Jul-18 5-Oct 23-May 8-Aug
SWPAC IPM 18-May 30-Apr 24-Jul-18 23-Sept; 29-Sept 23-May 8-Aug
2019
. Planting Harvesting Pitfall trap sampling

Location Treatment Watermelon Corn Watermelon Corn Initial End
TPAC Conventional | 28-May 2-Jun 6-Aug 4-Nov 3-Jun 22-Aug
TPAC IPM 28-May 2-Jun 6-Aug 4-Nov 3-Jun 22-Aug
PPAC Conventional |11-Jun 27-May 28-Aug 1-Nov 17-Jun 26-Aug
PPAC IPM 11-Jun 27-May 20-Sept 28-Oct 17-Jun 26-Aug
NEPAC Conventional |17-Jun 7-Jun 30-Aug - 20-Jun 2-Sep
NEPAC IPM 17-Jun 7-Jun 30-Aug - 20-Jun 2-Sep
SEPAC Conventional |3-Jun 5-Jun 16-Aug 6-Nov 7-Jun 20-Aug
SEPAC IPM 3-Jun 1-Jun 16-Aug 15-Oct 7-Jun 20-Aug
SWPAC Conventional | 22-May 19-May 1-Aug 1-Oct 28-May 13-Aug
SWPAC IPM 17-May 28-May; 4-Jun 1-Aug 23-Oct 28-May 13-Aug




Table 3: Spiders collected, identified, and counted by family from watermelon and corn by
treatment in 2018 and 2019.

Crop Watermelon | Watermelon Corn Corn Total
Treatment Conventional IPM Conventional IPM

Lycosidae 320 1087 625 442 2474
Linyphiidae 324 270 210 273 1077
Gnaphosidae 4 3 6 10 23
Thomisidae 6 6 12 6 30
Theridiidae 9 3 2 5 19
Agelenidae 2 0 3 3 8
Phrurolithidae 7 2 6 3 18
Clubionidae 0 1 2 2 5
Salticidae 3 3 2 2 10
Tetragnathidae |2 2 11 2 17
Unknown 3 5 5 2 15
Anyphaenidae |0 0 1 1 2
Uloboridae 0 0 0 1 1
Dictynidae 0 0 0 1 1
Araneidae 0 0 1 0 1
Corinnidae 0 1 0 0 1
Pisauridae 0 1 0 0 1
Total 680 1384 886 753 3703
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Table 4: Main effects of location, treatment and season on response variable densities by crop in 2018 and 2019 using a general linear

model (GLIMMIX procedure in SAS).

2018
Watermelon Corn

Location | Treatment | Season | Location | Treatment | Season
Response variable densities Sampling unit Pr>F Pr>F
Striped cucumber beetles Visual plant count <.0001* <.0001* <.0001* ~ ~ ~
Total spiders Visual plant count <.0001* 0.0004* <.0001* ~ ~ ~
Lycosids Pitfall trap 0.0492* 0.0007* 0.0005* | 0.6086 0.0089* 0.1712
Linyphiids Pitfall trap 0.0071* 0.7553 <.0001* | 0.0008* 0.2974 <.0001*
Total spiders Pitfall trap 0.0935 0.0037* 0.0007* | 0.8523 0.0341* 0.0232*
Collembola Soil cores 0.142 0.003* 0.0723 | 0.0011* |0.7184 0.1482

2019
Watermelon Corn

Location | Treatment | Season | Location | Treatment | Season
Response variable densities Sampling unit Pr>F Pr>F
Striped cucumber beetles Visual plant count <.0001* <.0001* <.0001* ~ ~ ~
Total spiders Visual plant count <.0001* <.0001* 0.1169 ~ ~ ~
Lycosids Pitfall trap 0.0087* <.0001* <.0001* | 0.0022* 0.1263 <.0001*
Linyphiids Pitfall trap 0.172 0.1245 0.1058 | 0.0014* 0.7936 0.1036
Total spiders Pitfall trap 0.0085* <.0001* <.0001* | 0.0045* 0.166 <.0001*
Collembola Soil cores 0.0002* 0.0001* <.0001* | 0.5402 0.4775 0.5494

* Statistically significant fixed effect at F<0.05




Table 5: Mean striped cucumber beetle (SCB) and total spider densities per watermelon plant
across season and locations by treatment in 2018 and 2019.

2018
Striped cucumber beetles Total spiders
Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 690 | 0.06 0.27 10.01 690 |0.38 0.70 |0.03
IPM 690 | 0.61* 1.32 ]0.05 690 | 0.52* 0.79 [0.03
2019
Striped cucumber beetles Total spiders
Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 750 |0.13 0.43 ]0.02 750 |0.21 0.48 10.02
IPM 750 | 1.63* 2.07 ]0.08 750 | 0.56* 0.79 |0.03

* Means statistically significant at p<0.05 level (Tukey-Kramer)

Table 6: Mean Lycosidae, Linyphiidae and total spider densities per pitfall trap across season
and locations by treatment and crop in 2018.

Watermelon Corn
Lycosidae Lycosidae

Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 95 151 1.87 0.19 80 3.94* 10.32 1.15
IPM 101 | 4.38* 7.80 0.78 100 |1.35 1.70 0.17

Linyphiidae Linyphiidae
Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 95 1.59 2.39 0.25 80 1.15 2.24 0.25
IPM 101 | 1.40 2.42 0.24 100 | 1.35 2.03 0.20

Total spiders Total spiders
Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 95 3.28 3.09 0.32 80 5.35* 10.90 1.22
IPM 101 |5.87* 8.14 0.81 100 | 2.86 2.73 0.27

* Means statistically significant at p<0.05 level (Tukey-Kramer)
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Table 7: Mean Lycosidae, Linyphiidae and total spider densities per pitfall trap across season
and locations by treatment and crop in 2019.

Watermelon Corn
Lycosidae Lycosidae

Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 113 | 1.57 1.86 0.17 98 3.16 8.67 0.88
IPM 112 | 5.76* 9.45 0.89 112 | 2.74 431 0.41

Linyphiidae Linyphiidae
Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 113 | 1.53 2.04 0.19 98 1.20 1.69 0.17
IPM 112 | 1.15 1.68 0.16 112 | 1.23 1.63 0.15

Total spiders Total spiders
Treatment N Mean Std StdErr N Mean Std StdErr
Conventional | 113 | 3.26 2.79 0.26 98 4.67 9.06 0.92
IPM 112 | 7.06* 9.74 0.92 112 | 4.17 4.39 0.42

* Means statistically significant at p<0.05 level (Tukey-Kramer)

Table 8: Main effects of location, treatment and season on spider family Richness, Shannon’s
Diversity Index (H) and Evenness metric (J”) by crop in 2018 and 2019 using a general linear
model (GLIMMIX procedure in SAS).

2018
Watermelon Corn
Location \ Treatment | Season | Location \ Treatment | Season
Response variables Pr>F
Richness 0.1314 0.3586 | <.0001* | 0.1885 0.4978 | <.0001*
Shannon Diversity Index | 0.1018 0.8712 | <.0001* | 0.2437 0.1069 | 0.0008*
Evenness 0.1163 0.5388 | <.0001* | 0.4861 0.0214* | 0.0007*
2019
Watermelon Corn
Location | Treatment | Season | Location | Treatment | Season
Response variables Pr>F Pr>F
Richness 0.0731 0.6192 | 0.2831 | 0.1483 0.9087 | 0.3645
Shannon Diversity Index 0.4008 0.7521 |0.6902 | 0.1212 0.5446 | 0.9067
Evenness 0.5889 0.9539 |0.7618 | 0.1113 0.5154 | 0.7352

* Statistically significant fixed effect at F<0.05

64




Table 9: Mean spider community diversity metrics (e.g., Richness, Shannon’s Diversity Index
(H) and Evenness metric (J’)) by treatment and crop in 2018 and 2019.

2018
Watermelon
Richness Shannon Evenness
Treatment N |[Mean |Std |StdErr [N |Mean |Std |StdErr [N |Mean |Std | StdErr
Conventional |95 [1.29 |0.86|/0.09 |95 |0.26 |0.35/0.04 |95 |0.33 |0.43|0.04

IPM 101(1.40 |0.72|0.07 |101({0.26 [0.31/0.03 |101|0.36 |0.43|0.04
Corn
Richness Shannon Evenness

Treatment N |Mean [Std |StdErr [N |[Mean |Std |StdErr [N |Mean |Std | StdErr
Conventional |80 |1.18 [0.96(0.11 |80 |0.17 |0.32|/0.04 |80 |[0.19 |0.33|0.04

IPM 100{1.30 |0.85/0.08 [100|0.27 |0.36|/0.04 |100/0.36* [0.45(0.05
2019
Watermelon
Richness Shannon Evenness

Treatment N |Mean [Std |StdErr [N |[Mean |Std |StdErr [N |Mean |Std | StdErr
Conventional {113]1.31 |0.79({0.07 |113|0.26 |0.34|/0.03 |113/0.34 |0.44|0.04

IPM 112(1.36 |0.75|0.07 |112({0.24 {0.29/0.03 |112|0.33 |0.40|0.04
Corn
Richness Shannon Evenness

Treatment N |[Mean |Std |StdErr [N |Mean |Std |StdErr [N |Mean |Std | StdErr
Conventional |98 [1.38 [0.94|0.09 |98 |0.29 |0.36/0.04 |98 |0.37 |0.45|0.05
IPM 112|11.38 |0.80/0.08 |112(0.26 |0.37|0.03 |112({0.32 [0.44(0.04
* Means statistically significant at p<0.05 level (Tukey-Kramer)

Table 10: Mean collembola densities per soil core across season and locations by treatment and
crop in 2018 and 2019.

2018
Watermelon Corn
Treatment N Mean Std StdErr | N Mean Std StdErr
Conventional | 56 3.91 9.75 1.30 56 459 7.62 1.02
IPM 54 15.37* | 25.90 3.52 56 4,98 6.75 0.90
2019
Watermelon Corn
Treatment N Mean Std StdErr | N Mean Std StdErr
Conventional | 59 2.53 4.15 0.54 56 7.00 11.20 1.50
IPM 60 7.90* 16.87 2.18 60 5.70 6.36 0.82

* Means statistically significant at p<0.05 level (Tukey-Kramer)
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Table 11: Mean collembola densities per soil core across locations and treatment by season and
crop in 2018 and 2019.
2018
Watermelon Corn
Season |N |Mean Std StdErr N |Mean Std StdErr
Early 32 |7.53 19.60 3.46 32 |7.28 8.11 1.43
Mid 38 [5.74 8.84 1.43 40 13.80 6.55 1.04
Late 40 14.75 26.71 4.22 40 |3.78 6.64 1.05
2019
Watermelon Corn
Season |N |Mean Std StdErr N |Mean Std StdErr
Early 40 |1.65 2.91 0.46 40 |5.58 12.15 1.92
Mid 39 |11.23* 20.34 3.26 38 |7.74 6.54 1.06
Late 40 12.98 3.51 0.56 38 |5.71 7.12 1.16

* Means statistically significant at p<0.05 level (Tukey-Kramer)

Table 12: Mean proportion predation by treatment, crop and prey type at TPAC in 2018.

Watermelon

Eggs Waxworm larvae
Treatment N Mean Std StdErr | N Mean Std StdErr
Conventional | 8 0.14 0.18 0.06 8 0.13 0.35 0.13
IPM 8 0.32* ]0.39 0.14 8 0.88* | 0.35 0.13

Corn

Eggs Waxworm larvae
Treatment N Mean Std StdErr | N Mean Std StdErr
Conventional |5 0.74 0.23 0.10 5 0.20 0.45 0.20
IPM 8 0.98* |0.03 0.01 8 1.00* | 0.00 0.00

* Means statistically significant at p<0.05 level (Tukey-Kramer)

Table 13: Main effects of location, treatment and season on proportion predation by crop and
prey type in 2019 using a general linear model (GLIMMIX procedure in SAS).

Striped cucumber beetles Waxworm larvae
Watermelon Corn Watermelon Corn
Fixed effect Pr>F
Location 0.6075 0.0079* 0.0116* 0.1178
Treatment <.0001* 0.4353 0.001* 0.8175
Season 0.0356* 0.0069* 0.0003* <.0001*

* Statistically significant fixed effect at F<0.05
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Table 14: Mean proportion predation across season and locations by treatment, crop and prey

type in 20109.
Watermelon Corn
Striped cucumber beetles Striped cucumber beetles
Treatment N Mean Std StdErr | N Mean Std StdErr
Conventional | 36 0.25 0.44 0.07 36 0.75 0.44 0.07
IPM 36 0.72* 0.45 0.08 34 0.68 0.48 0.08
Waxworm larvae Waxworm larvae
Treatment N Mean Std StdErr | N Mean Std StdErr
Conventional | 66 0.46 0.50 0.06 65 0.79 0.41 0.05
IPM 68 0.71* 0.46 0.06 72 0.79 0.41 0.05

* Means statistically significant at p<0.05 level (Tukey-Kramer)
Table 15: Mean proportion predation by season, crop and prey type across location in 2019.

Watermelon

Striped cucumber beetles Waxworm larvae
Season |N Mean Std StdErr N Mean Std StdErr
Early 24 10.29 0.46 0.10 44 10.36 0.49 0.07
Mid 24 10.58* 0.50 0.10 43 10.72* 0.45 0.07
Late 24 0.58* 0.50 0.10 47 10.66 0.48 0.07

Corn

Striped cucumber beetles Waxworm larvae
Season |N Mean Std StdErr N Mean Std StdErr
Early 23 10.48 0.51 0.11 44 |0.57 0.50 0.08
Mid 23 |0.87* 0.34 0.07 45 10.91* 0.29 0.04
Late 24 10.79 0.42 0.09 48 10.88 0.33 0.05

* Means statistically significant at p<0.05 level (Tukey-Kramer)
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Figure 1: Field plot locations across Indiana during 2018 and 2019. Red and blue pins represent
IPM and conventional field sites, respectively.
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Figure 2: Pie chart of spider families collected by pitfall trap from watermelon and corns plots in 2018 and 2019.
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APPENDIX

Table 16: Pesticide spray records including the product type and trade name, active ingredients, company, application type,

application number, rate, and volume for watermelon fields by location and treatment during 2018 and 2019.

Locatio | Treatment | Product type Trade name Active Company Application type Spray Applicati | Rate | Volum

n ingredient date on (Ib |e
number ai/ha | (L/ha)

)

NEPA | Convention Luna Fluopyram,

C al Fungicide Experience Tebuconazole Bayer CropScience | Foliar 13-Jul-18 | 2 4.94 [170.89

NEPA | Convention Loveland Products, | Soil drench at 17-Jun-

C al Insecticide Wrangler Imidacloprid INC planting 19 0 1.72 159.49

NEPA | Convention Loveland Products, | Soil drench at 08-Jun-

C al Insecticide Wrangler Imidacloprid INC planting 18 0 1.72 159.49

NEPA | Convention Loveland Products, 27-Jun-

C al Fungicide Initiate Chlorothalonil | INC Foliar 18 1 4.94 1170.89

NEPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 12-Jul-19 |1 4.94 1170.89

NEPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 13-Jul-18 | 2 7.41 |256.34

NEPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 24-Jul-19 |2 4.94 1170.89

NEPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 27-Jul-18 |3 4.94 [170.89

NEPA | Convention

C al Fungicide Cabrio Pyraclostrobin | BASF Foliar 27-Jul-18 |3 7.41 |256.34

NEPA | Convention Loveland Products, 08-Aug-

C al Fungicide Cabrio Pyraclostrobin | INC Foliar 19 3 4.94 [170.89

NEPA | Convention Loveland Products, 08-Aug-

C al Fungicide Initiate Chlorothalonil | INC Foliar 19 3 4.94 [170.89

NEPA | Convention Loveland Products, 07-Aug-

C al Fungicide Initiate Chlorothalonil | INC Foliar 18 4 7.41 |256.34

NEPA | Convention Loveland Products, 21-Aug-

C al Fungicide Initiate Chlorothalonil | INC Foliar 19 4 4.94 [170.89
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NEPA | Convention Difenoconazole, 21-Aug-

C al Fungicide Inspire super | Cyprodinil Syngenta Foliar 19 4,94 {170.89
NEPA | Convention Loveland Products, 17-Aug-

C al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
NEPA | Convention Loveland Products, 06-Sep-

C al Fungicide Cabrio Pyraclostrobin | INC Foliar 19 4.94 [170.89
NEPA | Convention Loveland Products, 06-Sep-

C al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
NEPA | Convention Loveland Products, 31-Aug-

C al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
NEPA | Convention Loveland Products, 12-Sep-

C al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
NEPA | Convention Lambda- 27-Jun-

C al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.31 |10.68
NEPA | Convention Lambda-

C al Insecticide Warrior Il cyhalothrin Syngenta Foliar 12-Jul-19 0.30 | 10.25
NEPA | Convention Lambda-

C al Insecticide Warrior cyhalothrin Syngenta Foliar 23-Jul-18 0.23 |8.01
NEPA | Convention Lambda-

C al Insecticide Warrior Il cyhalothrin Syngenta Foliar 24-Jul-19 0.00 |10.25
NEPA | Convention Lambda- 07-Aug-

C al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.15 |5.34
NEPA | Convention Lambda- 21-Aug-

C al Insecticide Warrior 11 cyhalothrin Syngenta Foliar 19 0.30 | 10.25
NEPA | Convention Lambda- 31-Aug-

C al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.15 |5.34
NEPA | Convention Lambda- 08-Aug-

C al Insecticide Warrior 11 cyhalothrin Syngenta Foliar 19 0.30 | 10.25
NEPA Loveland Products, 27-Jun-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
NEPA Loveland Products,

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 12-Jul-19 4.94 [170.89
NEPA Loveland Products,

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 13-Jul-18 7.41 |256.34
NEPA Loveland Products,

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 24-Jul-19 4.94 [170.89
NEPA Loveland Products,

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 27-Jul-18 4.94 [170.89
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NEPA

C IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 27-Jul-18 7.41 | 256.34

NEPA Loveland Products, 08-Aug-

C IPM Fungicide Cabrio Pyraclostrobin | INC Foliar 19 4.94 [170.89

NEPA Loveland Products, 08-Aug-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89

NEPA Loveland Products, 07-Aug-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34

NEPA Loveland Products, 21-Aug-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89

NEPA Difenoconazole, 21-Aug-

C IPM Fungicide Inspire super | Cyprodinil Syngenta Foliar 19 4.94 [170.89

NEPA Loveland Products, 17-Aug-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34

NEPA Loveland Products, 06-Sep-

C IPM Fungicide Cabrio Pyraclostrobin | INC Foliar 19 4.94 [170.89

NEPA Loveland Products, 06-Sep-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 1170.89

NEPA Loveland Products, 31-Aug-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34

NEPA Loveland Products, 12-Sep-

C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 | 256.34
Convention Loveland Products, 18-Jun-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Convention Loveland Products, 13-Sep-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Loveland Products, 06-Sep-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention Loveland Products, | Soil drench at 11-Jun-

PPAC |al Insecticide Wrangler Imidacloprid INC planting 19 1.72 |59.49
Convention Lambda- 28-Jun-

PPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 | 10.25
Convention Lambda-

PPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 20-Jul-18 0.30 |10.25
Convention Lambda- 03-Aug-

PPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 |10.25
Convention Lambda- 31-Aug-

PPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 |10.25
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Convention Loveland Products, 28-Jun-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 4,94 {170.89
Convention Loveland Products,

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 06-Jul-18 7.41 |256.34
Convention Luna Fluopyram,

PPAC |al Fungicide Experience Tebuconazole Bayer CropScience | Foliar 06-Jul-18 2.47 |85.45
Convention Loveland Products,

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 12-Jul-19 4.94 [170.89
Convention Loveland Products,

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 24-Jul-19 4.94 [170.89
Convention Loveland Products, 21-Aug-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention Difenoconazole, 21-Aug-

PPAC |al Fungicide Inspire Super | Cyprodinil Syngenta Foliar 19 4.94 [170.89
Convention

PPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 20-Jul-18 2.47 |85.45
Convention Loveland Products,

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 20-Jul-18 7.41 |256.34
Convention Loveland Products, 03-Aug-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Loveland Products, 16-Aug-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Loveland Products, 31-Aug-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention 08-Aug-

PPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
Convention Loveland Products, 08-Aug-

PPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention 06-Sep-

PPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 3.09 |106.81
Convention Loveland Products, | Soil drench at 04-Jun-

PPAC |al Insecticide Wrangler Imidacloprid INC planting 18 1.72 |59.49
Convention Lambda-

PPAC |al Insecticide Warrior Il cyhalothrin Syngenta Foliar 11-Jul-19 0.30 | 10.25
Convention Lambda-

PPAC |al Insecticide Warrior Il cyhalothrin Syngenta Foliar 25-Jul-19 0.30 |10.25
Convention Lambda- 08-Aug-

PPAC |al Insecticide Warrior Il cyhalothrin Syngenta Foliar 19 0.30 |10.25
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Convention Lambda- 16-Aug-
PPAC |al Insecticide Warrior Il cyhalothrin Syngenta Foliar 19 0.30 | 10.25
Loveland Products, 18-Jun-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Loveland Products, 28-Jun-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Loveland Products,
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 06-Jul-18 7.41 |256.34
Luna Fluopyram,
PPAC |IPM Fungicide Experience Tebuconazole Bayer CropScience | Foliar 06-Jul-18 2.47 |85.45
Loveland Products, 13-Sep-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
PPAC |IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 20-Jul-18 |3 2.47 1 85.45
Loveland Products,
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 20-Jul-18 7.41 |256.34
Loveland Products, 03-Aug-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Loveland Products, 16-Aug-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Loveland Products, 31-Aug-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Loveland Products, 06-Sep-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Lambda-
PPAC |IPM Insecticide Warrior cyhalothrin Syngenta Foliar 25-Jul-18 0.30 | 10.25
Loveland Products,
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 12-Jul-19 4.94 [170.89
Loveland Products,
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 24-Jul-19 4.94 [170.89
Loveland Products, 21-Aug-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Difenoconazole, 21-Aug-
PPAC |IPM Fungicide Inspire Super | Cyprodinil Syngenta Foliar 19 3.09 |106.81
08-Aug-
PPAC |IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 1 85.45
Loveland Products, 08-Aug-
PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
06-Sep-
PPAC |IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
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Loveland Products, 06-Sep-

PPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4,94 {170.89
Convention

SEPAC | al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19-Jul-19 3.09 |106.81
Convention Loveland Products,

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 19-Jul-19 4.94 [170.89
Convention Loveland Products, | Soil drench at 24-May-

SEPAC | al Insecticide Wrangler Imidacloprid INC planting 18 1.72 |59.49
Convention Loveland Products, | Soil drench at 03-Jun-

SEPAC | al Insecticide Wrangler Imidacloprid INC planting 19 1.72 |59.49
Convention Lambda-

SEPAC | al Insecticide Warrior cyhalothrin Syngenta Foliar 11-Jul-18 0.30 | 10.25
Convention Lambda-

SEPAC | al Insecticide Warrior Il cyhalothrin Syngenta Foliar 19-Jul-19 4.94 [10.25
Convention Lambda-

SEPAC | al Insecticide Warrior Il cyhalothrin Syngenta Foliar 05-Jul-19 4.94 [10.25
Convention Loveland Products, 08-Jun-

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
Convention Loveland Products, 21-Jun-

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 1170.89
Convention Loveland Products, 18-Jun-

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
Convention Loveland Products,

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 05-Jul-19 4.94 [170.89
Convention Loveland Products, 28-Jun-

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Convention Loveland Products,

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 11-Jul-18 7.41 |256.34
Convention Luna Fluopyram,

SEPAC | al Fungicide Experience Tebuconazole Bayer CropScience | Foliar 11-Jul-18 7.41 |256.34
Convention Loveland Products, 02-Aug-

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention Loveland Products,

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 23-Jul-18 7.41 |256.34
Convention

SEPAC | al Fungicide Cabrio Pyraclostrobin | BASF Foliar 23-Jul-18 4.94 [170.89
Convention Loveland Products, 16-Aug-

SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 1170.89
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Convention 16-Aug-
SEPAC | al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
Convention Loveland Products, 02-Aug-
SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention 30-Aug-
SEPAC | al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
Convention Loveland Products, 30-Aug-
SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention Loveland Products, 13-Aug-
SEPAC | al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Lambda- 18-Jun-
SEPAC | al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 |10.25
Convention Lambda- 21-Jun-
SEPAC | al Insecticide Warrior Il cyhalothrin Syngenta Foliar 19 4.94 [10.25
Convention Lambda-
SEPAC | al Insecticide Warrior cyhalothrin Syngenta Foliar 23-Jul-18 0.30 |10.25
Convention Lambda- 02-Aug-
SEPAC | al Insecticide Warrior Il cyhalothrin Syngenta Foliar 19 4.94 110.25
Convention Lambda- 03-Aug-
SEPAC | al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 |10.25
Loveland Products, 08-Jun-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Loveland Products, 21-Jun-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Loveland Products, 18-Jun-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Loveland Products,
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 05-Jul-19 4.94 [170.89
Loveland Products, 28-Jun-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Loveland Products,
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 11-Jul-18 7.41 |256.34
Luna Fluopyram,
SEPAC | IPM Fungicide Experience Tebuconazole Bayer CropScience | Foliar 11-Jul-18 7.41 |256.34
Difenoconazole, 02-Aug-
SEPAC | IPM Fungicide Inspire Super | Cyprodinil Syngenta Foliar 19 4.94 [170.89
Loveland Products,
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 23-Jul-18 |5 7.41 | 256.34
SEPAC | IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 23-Jul-18 2.47 185.45
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Loveland Products, 16-Aug-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4,94 {170.89
16-Aug-
SEPAC | IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
Loveland Products, 02-Aug-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
30-Aug-
SEPAC | IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
Loveland Products, 30-Aug-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Loveland Products, 13-Aug-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Loveland Products,
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 19-Jul-19 4.94 [170.89
SEPAC | IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19-Jul-19 2.47 |85.45
Loveland Products, 02-Aug-
SEPAC | IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Difenoconazole, 02-Aug-
SEPAC | IPM Fungicide Inspire Super | Cyprodinil Syngenta Foliar 19 4.94 [170.89
SWPA | Convention Loveland Products, | Soil drench at 18-May-
C al Insecticide Wrangler Imidacloprid INC planting 18 1.72 |59.49
SWPA | Convention Loveland Products, | Soil drench at 22-May-
C al Insecticide Wrangler Imidacloprid INC planting 19 1.72 |59.49
SWPA | Convention Lambda- 14-Jun-
C al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 | 10.25
SWPA | Convention Lambda- 11-Jun-
C al Insecticide Warrior Il cyhalothrin Syngenta Foliar 19 0.30 | 10.25
SWPA | Convention Loveland Products, 01-Jun-
C al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
SWPA | Convention Loveland Products, 01-Jun-
C al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
SWPA | Convention Loveland Products, 14-Jun-
C al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
SWPA | Convention Loveland Products, 14-Jun-
C al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
SWPA | Convention Loveland Products, 26-Jun-
C al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
SWPA | Convention Loveland Products, 26-Jun-
C al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
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SWPA | Convention Luna Fluopyram, 26-Jun-

C al Fungicide Experience Tebuconazole Bayer CropScience | Foliar 18 7.41 | 256.34
SWPA | Convention Luna Fluopyram, 26-Jun-

C al Fungicide Experience Tebuconazole Bayer CropScience | Foliar 18 7.41 |256.34
SWPA | Convention

C al Fungicide Cabrio Pyraclostrobin | BASF Foliar 03-Jul-19 2.47 |85.45
SWPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 03-Jul-19 4.94 [170.89
SWPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 09-Jul-19 4.94 [170.89
SWPA | Convention Difenoconazole,

C al Fungicide Inspire Super | Cyprodinil Syngenta Foliar 09-Jul-19 3.09 |106.81
SWPA | Convention

C al Fungicide Cabrio Pyraclostrobin | BASF Foliar 18-Jul-19 2.47 |85.45
SWPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 18-Jul-19 4.94 1170.89
SWPA | Convention 01-Aug-

C al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
SWPA | Convention Loveland Products, 01-Aug-

C al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 1170.89
SWPA | Convention Lambda- 26-Jun-

C al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 |10.25
SWPA | Convention Lambda- 20-Jun-

C al Insecticide Warrior 11 cyhalothrin Syngenta Foliar 19 0.30 | 10.25
SWPA | Convention Lambda-

C al Insecticide Warrior 11 cyhalothrin Syngenta Foliar 18-Jul-19 0.30 | 10.25
SWPA | Convention Lambda-

C al Insecticide Warrior cyhalothrin Syngenta Foliar 23-Jul-18 0.30 | 10.25
SWPA | Convention Lambda-

C al Insecticide Warrior 1l cyhalothrin Syngenta Foliar 03-Jul-19 0.30 | 10.25
SWPA | Convention | Insecticide- Nichino America,

C al miticide Portal Fenpyroximate |Inc Foliar 26-Jul-19 4.94 [170.89
SWPA | Convention Loveland Products, 29-Jun-

C al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
SWPA | Convention 29-Jun-

C al Fungicide Cabrio Pyraclostrobin | BASF Foliar 18 2.47 |85.45
SWPA | Convention Loveland Products,

C al Fungicide Initiate Chlorothalonil | INC Foliar 12-Jul-18 7.41 |256.34
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SWPA | Convention Loveland Products,
C al Fungicide Initiate Chlorothalonil | INC Foliar 23-Jul-18 2.47 |85.45
SWPA | Convention
C al Fungicide Cabrio Pyraclostrobin | BASF Foliar 23-Jul-18 2.47 |85.45
SWPA | Convention Loveland Products, 01-Aug-
C al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Difenoconazole,
Solatenol®
SWPA | Convention (Benzovindiflup 13-Aug-
C al Fungicide Aprovia Top | yr) Syngenta Foliar 19 2.01 [69.42
SWPA | Convention Loveland Products, 13-Aug-
C al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 1170.89
SWPA | Convention Amectoctradin, 13-Aug-
C al Fungicide Zampro Dimethomorph | Syngenta Foliar 19 2.16 | 74.77
SWPA | Convention Lambda-
C al Insecticide Warrior cyhalothrin Syngenta Foliar 12-Jul-18 0.30 |10.25
SWPA | Convention United Phosphorus 16-Aug-
C al Insecticide Assail Acetamiprid Inc Foliar 19 0.62 |21.36
SWPA Loveland Products, 01-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
SWPA Loveland Products, 01-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
SWPA Loveland Products, 11-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
SWPA Loveland Products, 14-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
SWPA Loveland Products, 14-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
SWPA Loveland Products, 20-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
SWPA Loveland Products, 26-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
SWPA Loveland Products, 26-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 1170.89
SWPA Luna Fluopyram, 26-Jun-
C IPM Fungicide Experience Tebuconazole Bayer CropScience | Foliar 18 7.41 |256.34
SWPA Luna Fluopyram, 26-Jun-
C IPM Fungicide Experience Tebuconazole Bayer CropScience | Foliar 18 7.41 |256.34
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SWPA

C IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 03-Jul-19 2.47 |85.45
SWPA Loveland Products,
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 03-Jul-19 4.94 [170.89
SWPA Loveland Products, 29-Jun-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
SWPA 29-Jun-
C IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 18 2.47 |85.45
SWPA Loveland Products,
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 09-Jul-19 4.94 [170.89
SWPA Difenoconazole,
C IPM Fungicide Inspire Super | Cyprodinil Syngenta Foliar 09-Jul-19 3.09 |106.81
SWPA Loveland Products,
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 12-Jul-18 7.41 |256.34
SWPA
C IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 18-Jul-19 2.47 |85.45
SWPA Loveland Products,
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18-Jul-19 4.94 1170.89
SWPA Loveland Products,
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 23-Jul-18 247 |185.45
SWPA
C IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 23-Jul-18 2.47 1 85.45
SWPA 01-Aug-
C IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
SWPA Loveland Products, 01-Aug-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
SWPA Loveland Products, 01-Aug-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Difenoconazole,
Solatenol®

SWPA (Benzovindiflup 13-Aug-
C IPM Fungicide Aprovia Top | yr) Syngenta Foliar 19 2.01 |69.42
SWPA Loveland Products, 13-Aug-
C IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 1170.89
SWPA Amectoctradin, 13-Aug-
C IPM Fungicide Zampro Dimethomorph | Syngenta Foliar 19 216 |74.77

Convention Loveland Products, 14-Jun-
TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
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Convention Loveland Products, 28-Jun-

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 4,94 {170.89
Convention Loveland Products,

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 09-Jul-18 7.41 |256.34
Convention Luna Loveland Products,

TPAC |al Fungicide Experience Chlorothalonil | INC Foliar 09-Jul-18 7.41 |256.34
Convention Luna Loveland Products,

TPAC |al Fungicide Experience Chlorothalonil | INC Foliar 09-Jul-18 7.41 |256.34
Convention Loveland Products,

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19-Jul-18 4.94 [170.89
Convention

TPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19-Jul-18 2.47 |85.45
Convention Loveland Products,

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19-Jul-18 4.94 [170.89
Convention

TPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19-Jul-18 2.47 |85.45
Convention Loveland Products,

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 25-Jul-18 7.41 |256.34
Convention Loveland Products,

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 25-Jul-18 7.41 |256.34
Convention Loveland Products, 21-Jun-

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention

TPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19-Jul-19 2.47 |85.45
Convention Loveland Products,

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19-Jul-19 4.94 [170.89
Convention Loveland Products, 02-Aug-

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention Loveland Products, 03-Aug-

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Loveland Products, 03-Aug-

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Loveland Products,

TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 05-Jul-19 4.94 [170.89
Convention Difenoconazole, 02-Aug-

TPAC |al Fungicide Inspire Super | Cyprodinil Syngenta Foliar 19 3.09 |106.81
Convention 16-Aug-

TPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
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Convention Loveland Products, 16-Aug-
TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19 4,94 {170.89
Convention Loveland Products, 30-Aug-
TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Convention 30-Aug-
TPAC |al Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
Convention Loveland Products, 10-Aug-
TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Loveland Products, 10-Aug-
TPAC |al Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Convention Lambda- 14-Jun-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 |10.25
Convention Lambda- 21-Jun-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 19 0.30 |10.25
Convention Lambda-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 09-Jul-18 0.30 | 10.25
Convention Lambda-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 19-Jul-19 0.30 |10.25
Convention Lambda-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 19-Jul-18 0.30 |10.25
Convention Lambda-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 05-Jul-19 0.30 | 10.25
Convention Lambda- 03-Aug-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 | 10.25
Convention Lambda- 02-Aug-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 19 0.30 | 10.25
Convention Lambda- 10-Aug-
TPAC |al Insecticide Warrior cyhalothrin Syngenta Foliar 18 0.30 | 10.25
Convention Loveland Products, | Soil drench at 22-May-
TPAC |al Insecticide Wrangler Imidacloprid INC planting 18 1.72 |59.49
Convention Loveland Products, | Soil drench at 28-May-
TPAC |al Insecticide Wrangler Imidacloprid INC planting 19 1.72 |59.49
Loveland Products, 14-Jun-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Loveland Products, 28-Jun-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 4.94 [170.89
Loveland Products,
TPAC [IPM Fungicide Initiate Chlorothalonil | INC Foliar 09-Jul-18 7.41 |256.34
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Luna Loveland Products,
TPAC |IPM Fungicide Experience Chlorothalonil | INC Foliar 09-Jul-18 7.41 | 256.34
Loveland Products,
TPAC |[IPM Fungicide Initiate Chlorothalonil | INC Foliar 19-Jul-18 |4 4.94 [170.89
TPAC |IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19-Jul-18 2.47 |85.45
Loveland Products,
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 25-Jul-18 7.41 |256.34
Loveland Products, 21-Jun-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
TPAC [IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19-Jul-19 2.47 |85.45
Loveland Products,
TPAC [IPM Fungicide Initiate Chlorothalonil | INC Foliar 19-Jul-19 4.94 [170.89
Loveland Products, 02-Aug-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Loveland Products, 03-Aug-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
Loveland Products,
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 05-Jul-19 4.94 [170.89
Difenoconazole, 02-Aug-
TPAC |IPM Fungicide Inspire Super | Cyprodinil Syngenta Foliar 19 3.09 |106.81
16-Aug-
TPAC [IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 |85.45
Loveland Products, 16-Aug-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
Loveland Products, 30-Aug-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 19 4.94 [170.89
30-Aug-
TPAC |IPM Fungicide Cabrio Pyraclostrobin | BASF Foliar 19 2.47 1 85.45
Loveland Products, 10-Aug-
TPAC |IPM Fungicide Initiate Chlorothalonil | INC Foliar 18 7.41 |256.34
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