
 
 

 

ABSTRACT 

PELLEGRINO, ALYSSA MARY. Documenting Wireworm (Coleoptera: Elateridae) Activity 

and Management Strategies in an Organic Sweetpotato Agroecosystem (Under the direction of 

Dr. Anders Huseth). 

North Carolina is the second largest producer of organic sweetpotatoes (Ipomoea batatus 

L.) behind California. In 2016, there were 3,200 acres of organic sweetpotatoes produced in the 

state, a 42% increase from 2014. Despite an increase in acreage, organic sweetpotato yields 

continue to be limited by weed competition and direct feeding from wireworm larvae 

(Coleoptera: Elateridae). The goal of this project was to explore sweetpotato management 

opportunities that could address these production limitations in the organic production system. 

To understand linkages between wireworms and the organic production system, I evaluated the 

management strategies in small plot organic studies including different cover crop blends and 

sweetpotato varieties. I also measured the movement of adult click beetles in the surrounding 

sweetpotato agroecosystem.  

The first study examined autumn planted cover crops as an organic form of fertility and 

weed control. My role was to document if the presence of cover crops had an effect on wireworm 

abundance and sweetpotato root damage. Over this two-year study, I planted cover crops in the 

autumn and terminated them the following spring. After termination, we planted a new 

wireworm resistant sweetpotato variety (cv. Monaco – formerly NC04-0531) and a common 

susceptible variety (cv. Covington). After sweetpotato harvest, I measured the number of 

wireworm holes present on roots and related root injury to cover crop type and sweetpotato 

variety. I found that the resistant sweetpotato variety had the least amount of wireworm damage 

when compared to the standard susceptible variety. Cover crop type was not significantly related 

to the amount of wireworm injury observed at the end of the growing season.   



 
 

 

The second study focused on generating new knowledge about the activity of corn 

wireworm, Melanotus communis Gyllenhal (Coleoptera:Elateridae) using a recently identified 

female-produced sex pheromone, 13-tetradecenyl acetate. Melanotus communis is a major pest 

of many crops in North Carolina. This insect has a semi-voltine life history and can spend 

multiple years in its larval stage, which as a result, creates challenges for cultural control 

strategies (i.e., crop rotation). Currently, we do not understand when and where M. communis 

adults are most active in the sweetpotato production system. With very little contemporary 

information about the ecology of adult M. communis in North Carolina, my second study 

explored the use of pheromone baited pitfall traps to better understand adult M. communis 

activity in time and space. To do this, I used pitfall traps that were placed in the ground with a 

13-tetradecenyl acetate pheromone lure to attract adult male M .communis. Traps were monitored 

for M. communis weekly and I related counts to the type of adjacent crop. I found that 13-

tetradecenyl acetate was effective at capturing adult M. communis, with pheromone baited traps 

consistently catching more individuals than the non-baited control. I also found that adult M. 

communis are more abundant near known host crops for their larvae (i.e. sweetpotato and corn) 

when compared to unattractive host crop control fields (i.e. cotton).  Together, these experiments 

provide useful insight into wireworm ecology and management for organic sweetpotato 

production.   
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Introduction: a review of wireworm ecology and organic sweetpotato production 

Problem Defined – wireworm as a pest of organic sweetpotato: North Carolina is the largest 

producer of sweetpotatoes, Ipomoea batatas (L.) Lam, in the United States. North Carolina 

produces approximately 66% of all sweetpotatoes grown for domestic consumption, producing 

over 39,538 hectares of sweetpotatoes in 2019 with a net worth of 324 million dollars (USDA-

NASS 2020). Historically, sweetpotatoes have been a key rotational crop for high-value tobacco 

crops in the eastern coastal plain of North Carolina. With the recent decline of tobacco, 

sweetpotatoes have emerged as one of the most important specialty crops produced in the eastern 

portion of the state (Figures 1 & 2). Sweetpotato production has increased, in part, due to the hot, 

humid North Carolina climate coupled with the sandy loam soil that is common to the coastal 

plain. 

With increasing demand from consumers for organic produce, farmers are transitioning to 

organic production across multiple specialty and row crops nationwide (Reganold & Wachter 

2016, Stofferahn 2009). From 1997 to 2017, the area of U.S. organic sweetpotato production 

approximately doubled from 1,925 to 4,150 hectares (USDA-NASS 2020). In North Carolina, 

the area of organic production increased by 1.6-fold over the same time period (619 to 1,591 ha) 

(USDA-NASS 2020). Along with an increasing area of production, the value of the NC organic 

sweetpotato crop increased from $3.7 to $16.5 million dollars in 2019 (USDA-NASS 2020). 

Despite growing interest in organic agriculture, only 0.35% of all North Carolina arable land is 

organically certified and only a fraction of that is devoted to sweetpotatoes (USDA-NASS 2020). 

Low certification can be explained by high managerial costs in organic production, risk 

associated with converting to a new production system, organic farming systems knowledge 
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gaps, uncertainty surrounding markets, and a lack of value chain infrastructure (USDA-ERS 

2007).  

In North Carolina, insect pest and weed management are two major problems that 

currently limit further expansion of organic sweetpotato production. From the insect perspective, 

wireworms (Coleoptera: Elateridae) are the primary pest causing direct injury to sweetpotato 

roots. Wireworms are the larval stage of common click beetle species that are distributed 

throughout the sweetpotato production region (Figure 1). As larvae, these insects live in the soil 

and feed directly on sweetpotato roots causing characteristic circular injury sites (Jansson & Seal 

1994). Currently, consumers have a low tolerance for this type of feeding injury on table stock 

sweetpotatoes and as a result, damaged roots are often discarded or converted into value-added 

processed products (e.g., baby food, chips). Historical estimates of injury found that 5-25% of 

sweetpotato yield is lost due to wireworm injury (Jansson and Seal 1994). 

The potential for extensive root injury has motivated conventional (non-organic) 

sweetpotato growers to use preventative soil-incorporated insecticides to minimize economic 

losses. Wireworms have been controlled with broad-spectrum insecticides that include 

organophosphates, organochlorides, and carbamates (Sparks & Nauen 2015, Vernon et al., 2008, 

Parker & Howard 2001). For the past several decades, growers have relied on a combination of 

at-plant chlorpyrifos (organophosphate) and post-transplant bifenthrin (pyrethroid) soil 

applications to control wireworms (Van Herk et al., 2015, Arrington et al., 2016). Despite the 

effectiveness of conventional insecticides in controlling wireworm populations, they are not 

permitted for organic use. Currently, OMRI approved insecticides that are registered for organic 

production are not as effective against wireworms (VanHerk et al., 2020, Traught et al., 2015). 
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As a result, organic growers need to utilize multiple nonchemical control strategies to reduce risk 

for wireworm injury.  

To understand different aspects of cultural control for wireworms, the overarching goal 

of this project is to address two key knowledge gaps at the field and landscape scale. The first 

part of this project uses a small plot field study to document risks associated with cover crop use 

in sweetpotato and how insect-resistant sweetpotato cultivars can mitigate the potential for 

wireworm damage. The second component of this project uses an observational landscape study 

to measure the activity of adult corn wireworm, Melanotus communis (Gyllenhal), in the North 

Carolina sweetpotato agroecosystems. Together, this project helps to highlight risk at the field 

scale and documents click beetle activity patterns that are associated with key rotational crops for 

sweetpotatoes in the landscape.  

Literature Review Context: This brief review addresses the role of wireworms as sweetpotato 

pests and their management in North Carolina agroecosystems. This review has three primary 

aims: 1) to provide biological and ecological background for this pest complex in a sweetpotato 

production system, 2) to outline current control tactics used to control this pest in both 

conventional and organic sweetpotato production systems, 3) to synthesize literature 

documenting the relationship of elaterid species to landscape composition and configuration 

beyond the sweetpotato production system. To conclude, this review summarizes areas of 

research need in sweetpotato pest management with a specific focus on production systems in 

North Carolina. Though not exhaustive, the goal of this review is to provide fundamental and 

applied knowledge about wireworm-sweetpotato interactions that will be important context for 

the research hypotheses later in this document.  
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Wireworm Biology and Ecology: Wireworms, which are the larval form of click beetles 

(Coleoptera: Elateridae) include approximately 10,000 species (Vernon & Van Herk 2013). Of 

those species, 39 are reported as major crop pests in different agricultural regions across the 

globe (Jansson & Seal 1994). These insects typically cause crop damage by directly feeding on 

the roots of specialty and agronomic crops (Vernon 2005). This feeding injury can result in direct 

stress to the plant by reducing water uptake, increasing susceptibility to drought stress, and 

creating sites for pathogen invasion (Schalk et al., 1986, Andrews et al., 2008, Gill et al., 2014).  

One challenge to effectively managing wireworms is the diverse number of habitats that 

these insects occupy. The polyphagous nature of many wireworm species is one explanation for 

their ability to occupy a large number of habitats (Hemerik et al., 2003). In agriculture, different 

wireworm species are a known pests of a variety of crops including corn, small grains, potatoes, 

and root crops (Simmons et al., 1998). Moreover, the ability of these insects to feed on non-crop 

host plants also leads to occupancy in a wide range of unmanaged habitats including grasslands, 

forests, and pasture (Traugott et al., 2015). With such a wide range of hosts and habitats 

combined with a long development time for larvae, wireworm populations tend to persist in farm 

fields by feeding on multiple crops across growing seasons.  

Elaterid Population Dynamics: The underground lifestyle of the larval stage of wireworms 

makes it very difficult to accurately predict when and where they will feed on a crop plant. 

Studies that track wireworm movements are often invasive and disrupt the insect’s natural 

patterns of movement (e.g., extracting insects by soil strata). As a result, the outcomes obtained 

do not always accurately represent a wireworm’s natural movement through the soil or their 

interaction with plant roots (Fisher et al., 1975). To address this limitation, Villani and Gould 

(1986) used radiographs to track the movements of wireworms over time without disturbing the 
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soil. Their study concluded that wireworms do not move through the soil at random, rather they 

move directionally toward food sources. Villani & Gould (1986) showed that these insects can 

move through the soil both horizontally and vertically at distances up to 1.5 meters from their 

current location in order to reach a food source. Several other biotic and abiotic factors are also 

associated with wireworm movement, including soil temperature, soil moisture, presence or 

absence of interspecies competition, and food (Traugott et al., 2015).  

General Wireworm Lifecycle: The duration to complete the elaterid lifecycle (i.e. egg to 

reproductively viable adult) varies significantly among species; development can take between 

four months to six years depending on the species (Traugott et al., 2015). Here, I will provide a 

comparison of two major wireworm pests to highlight how lifecycles differ among species. The 

tobacco wireworm (Conoderus vespertinus Fabricius) is one of the most important wireworm 

pests of sweetpotato and tobacco in the southeastern U.S. (Baulmer et al., 2010). Conoderus 

vespertinus development time averages 348 days to transition from egg to reproductively viable 

adult (Rabb 1963). In contrast, the corn wireworm (Melanotus communis Gyllenhal) has a 

broader development window, taking between four to six years to complete development (Fenton 

1926). These differences highlight the plasticity among wireworm species to manage 

environmental and host plant quality over time (Vernon & Van Herk 2013). Hereafter, this 

section will focus on C. vespertinus as an example of general wireworm life cycles.  

Conoderus vespertinus adults mate and lay eggs beginning in mid-June (Rabb 1963). The 

egg stage lasts approximately ten days (Rabb 1963). Eggs are 0.5mm in diameter, white, 

spherical, and are oviposited 1.27 to 2.54 cm deep in the soil (Turnipseed & Rabb 1963). After 

embryo development has been completed, the larva ecloses and has a pale white body with a 

brown sclerotized head capsule (Rabb 1963). Across species, the number of larval instars can 
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range from two to eleven (McDougall 1934). Conoderus vespertinus completes 3-4 molts prior 

to pupation (Rabb 1963). The first and second instars are distinct in that they have a unique 

structure of their ninth abdominal segment; it terminates into a single point that has two setae 

(Rabb 1963). From the third instar on, this segment terminates in a V-shaped notch between two 

urogomphi (Rabb 1963). In the autumn, larvae will overwinter and resume active feeding the 

following spring (Baulmer et al., 2010). The larval stage lasts approximately 315 days, followed 

by the pre-pupal and pupal stage (Rabb 1963). The pre-pupal stage is characterized by a decrease 

in larval length, an increase in girth, and a decrease in activity (Rabb 1963). The progression 

from a pre-pupa to a pupa occurs between May and July (Rabb 1963). The pupal stage will last 

an average of ten days before the imago click beetle will eclose from the pupal casing (Rabb 

1963). Teneral adults remain in the soil for a several days while its exoskeleton hardens since 

they are more vulnerable to environmental stressors and natural enemy mortality (Rabb 1963).  

Adult C. vespertinus has a pre-oviposition period of approximately thirteen days (Rabb 

1963). After this period, adults are reproductively viable for an average of 30 days (Turnipseed 

& Rabb 1963). Female C. vespertinus can oviposit between 200 to 1,400 eggs over her lifespan 

(Rabb 1963). Conoderus vespertinus females prefer to oviposit when soil temperatures reach 

36°C with a soil moisture content of 3.8% (Turnipseed & Rabb 1963). Eggs are oviposited singly 

and scattered across multiple sites (Vernon & Van Herk 2013). This reproductive behavior 

minimizes competition among larvae and risk for local mortality due to unfavorable 

environmental conditions.   

Adult C. vespertinus live between forty and seventy days (Rabb 1963). During this time, 

adults tend to be active at night (i.e., flight, mating, feeding, oviposition) (Rabb 1963). During 

the daytime, the adult wedges itself in between various substrates for protection (Fraenkel & 
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Gunn 1940). The adults are phytophagous, consuming mostly pollen and other reproductive parts 

of common crop plants such as cotton and corn (Traugott et al., 2015). To consume plant 

material, they will chew the tissues with their mandibles, apply an amylase, and then imbibe 

liquefied plant tissues through a dense filter of branched hairs located in the pre-oral cavity 

(Traugott et al., 2015).   

Larval Feeding and Sweetpotato Damage: As larvae, wireworms are generalist herbivores that 

typically consume plant tissue below ground (Vernon & Van Herk 2013). As the crop grows, 

carbon dioxide exudes from root structures and acts as an attractant for larvae (Johnson & 

Gregory 2006, Johnson & Nielson 2012). After detecting the carbon dioxide signature, 

wireworm larvae begin searching more intensively for its source (Cooper et al., 2019). Once they 

have reached the source, the wireworm will consume a small amount of tissue to determine the 

suitability of the host plant (Traugott et al., 2015). For root crops, external root feeding injury 

causes characteristic small circular holes that can vary in size as a function of timing and root 

growth (Keaster et al., 1975). Feeding injury to storage roots of sweetpotatoes decreases 

marketability due to cosmetic flaws that suppress customer likelihood to purchase the product 

(Abney & Kennedy 2011).  

Chemical Control of Wireworms: In combination with crop rotation, insecticides are one of the 

most important management tactics for wireworms in many crops. The timing of feeding dictates 

which application methods will work best. In Irish potato, in-furrow applications at planting have 

been shown to be most effective to control wireworms feeding directly on seed and daughter 

tubers (Kuhar & Alvarez 2008). In sweetpotato, growers typically use a combination of pre-plant 

broadcast and side dress application to control wireworms (Toba & Turner 1979, Toba & Powell 

1986, Toba 1987). 

about:blank
about:blank
about:blank
about:blank
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Over the past several decades, growers have transitioned away from broad-spectrum 

insecticides to control many soil-borne pests. In the past, organochlorine (IRAC Mode of Action 

(MoA) group 2A), organophosphate (IRAC MoA 1B), and carbamate (IRAC MoA 1A) 

insecticides were used for soil-borne insect control (Sparks & Nauen 2015, Vernon et al., 2008, 

Parker & Howard 2001). While these insecticides were very effective at controlling pest 

populations, the toxicity of these materials caused significant concern for impacts on human 

health, non-target organisms, and the environment (Jayaraj et al., 2016). These unintended 

consequences of use led to the ban of organichlorides in the 1970’s and several more 

organophosphates and carbamates have been banned since (Jayaraj et al., 2016, Gray & Hammitt 

2000). Currently, the efficacy of these strategies has been compromised by changing 

acceptability of the key insecticide used to control wireworms in sweetpotato, chlorpyrifos 

(Lorsban, CortevaAgriscience, Indianapolis, Indiana) (Foong et. al., 2020).Most recently, 

changing residue tolerance for chlorpyrifos in the European Union has shifted the sweetpotato 

insecticide portfolio toward newer modes of action to control wireworm in sweetpotato (E.F.S 

Authority 2019).  

Although many older materials are being phased out, several new mode of action groups 

have been registered as replacements. New insecticides that are available for farmers to manage 

wireworms include pyrethroids (IRAC 3A), neonicotinoids (IRAC 4A), and fipronil (IRAC 2B) 

(Traugott et al., 2015). Pyrethroids and neonicotinoids are the most popular of these newer 

materials for use in sweetpotato. Neonicotinoids are effective at suppressing wireworm 

populations, but they only cause wireworms to be deterred from feeding on the crop and not any 

direct mortality (VanHerk et al., 2020, Seal et al., 2020). In North Carolina, neonicotinoids are 

most often used in combination or in sequence with pyrethroids (bifenthrin) to enhance control. 
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Fipronil is a more efficacious wireworm insecticide that does cause mortality, but substantial 

environmental concerns have led to severe use restrictions and is not currently registered for use 

in sweetpotato production (Traugott et al., 2015).  

Integrated Pest Management as the Foundation of Wireworm Control in Sweetpotato: 

Integrated pest management (IPM) is an ecosystem-based strategy that focuses on long-term 

prevention of pests and their damage through a combination of techniques such as biological 

control, habitat manipulation, modification of cultural practices, and use of resistant varieties 

(Furlan et al., 2019). When combined, these strategies can decrease pesticide use, which can 

reduce the footprint of production, minimize pesticide residues on the crop, and manage 

resistance development to pesticides (Furlan et al., 2019). In many systems, economic thresholds 

based on pest densities or crop injuries are the foundation for pest management decisions. In 

sweetpotato, there is not a widely accepted economic threshold for targeting wireworms. 

Thresholds in other crops are based on the number of wireworms present in bait traps, with one 

wireworm found in a field trap warranting treatment (Hinkin 1976, Lefko et al., 1998a). These 

thresholds are general in nature and only consider larval presence, not specific species that are 

included in the sample. As a result, practitioners generally implement a presence/absence 

threshold with no species identification. Because not all species are pests and pest species cause 

unequal amounts of damage, this practice ultimately leads to unnecessary inputs and additional 

external costs of pesticide use (Lefko et al., 1998b). The type of bait used in the trap can 

influence the probability of detection of certain species; so trap catches may not accurately 

represent true diversity and population density present in fields (Lefko et al., 1998b).  

 Rather than try to establish a standard economic threshold based on laborious sampling, it 

is more effective to rotate host and non-host crops to reduce damage risk through cultural control 
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(Esser et al., 2015). Crop rotation is one of the key cultural control strategies used to manage 

wireworm risk in North Carolina sweetpotato (Baumler 2009). Currently, there is a knowledge 

gap for low cost IPM strategies that prevent wireworm damage in many crops, which has 

resulted in prophylactic chemical use to control this group of pests (Furlan et al., 2019).  

Improving Wireworm IPM with Pheromone Monitoring Tools: The lack of acute mortality 

from registered insecticides necessitates a broader set of IPM tactics to manage wireworm 

damage. Pheromone monitoring of adult populations is one very new strategy being developed 

for wireworm IPM in North Carolina sweetpotato. Pheromones are defined as “substances that 

are secreted to the outside by an individual and received by a second individual of the same 

species, which elicit a specific response, for example, a definitive behavior or a developmental 

process” (Butler 1967). In most insects, pheromones are released from the adult female’s 

exocrine glands as a liquid that evaporates to form a cloud of vapor around the signaling female 

(Regnier & Law 1968). The distance that pheromone signals can travel depends on several 

factors including the volatility of the compound, the stability of the compound in the air, the 

compounds rate of diffusion, the olfactory abilities of the male receiver, and wind currents 

(Regnier & Law 1968).  

There are two distinct types of pheromones, releasers and primers. Releaser pheromones 

result in an immediate behavioral response in the insect receiving the pheromone while primer 

pheromones cause physiological changes in the organism that later leads to a behavioral response 

(Regnier & Law 1968). Releaser pheromones are the most widely used for insect population 

monitoring and there are three types: those that cause sexual attraction, those that cause alarm 

behavior, and those that cause recruitment (Regnier & Law 1968).  
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Pheromones have been used for the monitoring and management of insect pests in both 

human health and agriculture for more than 50 years (Williams et al., 2019, Butler 1967). The 

first olfactory sex attractant to be isolated, identified, and synthesized was that of the female silk 

moth in 1959 and since then, the process of isolating and identifying species specific sex 

attractants has become more fine-tuned with advances in chemical isolation and testing 

technology (i.e., gas chromatography - electroantennographic detection) (Butler 1967, Hummel 

& Miller 2012). Synthetic pheromones work by mimicking the sex pheromone naturally 

produced by female insects. The male insects pick up the scent plume and follows it to locate a 

receptive female. Synthetic pheromones deployed in the field act as a lure that attracts males and 

enables monitoring (Williams et al., 2019). Out of the thousands of elaterid species recognized 

nationwide, synthetic sex pheromones have only been identified for three North American 

species, in the genera Cardiophorus and Melanotus, and a handful from Eurasia, Africa, South 

America, and Australia (Williams et al., 2019).  

Insect pheromones fall within several different categories depending on the behavioral 

outcome of the receiver, including assembly, sexual stimulation, territory and home range 

marking, non-territorial dispersal, recognition of group rank, recruitment, alarm, trail marking, 

and sexual attraction (Shorey 1973). Olfactory sex attractant pheromones are the specific interest 

to the second study in this thesis. These pheromones are produced by females to attract males, 

but as always there are exceptions to the rule where the male will produce pheromones to attract 

the females, such as the boll weevil (Butler 1967). It can also be the case of one sex releasing sex 

pheromones that are attractive to both sexes (Butler 1967). Olfactory sex attractants are produced 

mostly in abdominal glands but this can differ based on insect order (Butler 1967). Many 

elaterids have a paired ball-like structure in the abdomen that acts as a pheromone gland or 
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reservoir (Ivashchenko & Adamenko 1980). This structure begins producing and secreting 

geranyl and feresyl esters within the first few days of the female’s adult life (Siirde et al., 1993). 

Males can detect very small amounts of the pheromone through complex antennae that have 

large surface area (Butler 1967). When a male flying insect is trying to find the source of the 

airborne sex attractant, they do not fly with purposeful direction until continuous reception of the 

pheromone occurs (Butler 1967). These types of pheromones are usually very specific, with 

slight genetic and environmental differences making it unlikely that any two species produce the 

same exact blend of volatile organic compounds (Regnier & Law 1968).  

There are several ways synthetic pheromones can be applied to pest management, the 

first of those being monitoring. Monitoring has four main functions: assessment of changes in 

abundance, distribution mapping, detection of outbreaks, and establishment of emergence times 

of adult insects (Howse et al., 2013). Often, male counts serve as a proxy to understand how 

levels of target pest populations change over time. For example, pheromone baited lures are very 

useful for passively surveying large areas such as forests and orchards (Howse et al., 2013). In 

annual agricultural systems, area-wide pheromone survey results can be used to inform scouting 

and provide insight as to when would be the most appropriate time for insecticide applications.  
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Figures   

 

 

Figure 1: Physiographic regions (A) and area of sweetpotato production in North Carolina (B) 

(USDA-NASS 2020) 
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Figure 2: North Carolina tobacco and sweetpotato production reported in the USDA 

Agricultural Census.  



20 

 

Chapter 1: 

Understanding the relationship between wireworm damage, varietal resistance, and cover 

crop use in organic sweetpotato 

 

Abstract 

North Carolina is the second largest producer of organic sweetpotatoes (Ipomoea batatus L.) in 

the U.S. behind California (USDA 2020). However, only a small percentage of all sweetpotatoes 

produced in North Carolina are organic. Transition to organic sweetpotato production has been 

limited due to lack of effective non-chemical strategies to control wireworms (Coleoptera: 

Elateridae). To help develop effective wireworm management strategies for organic production, 

this two-year study focused on documenting the relationship between wireworm damage to 

sweetpotato roots and use of cover crops, which are commonly used on organic farms to 

maintain soil health. This study also tested a wireworm resistant variety (Monaco) against the 

widely used Covington variety, which is susceptible to wireworm damage. We used two 

different approaches to understand the interaction between cover crops, sweetpotato varieties, 

and wireworm damage. The first was a reduced-till cover crop study, where cover crops were 

terminated with a roller crimper and sweetpotatoes were transplanted directly into cover crop 

residue. The second was a fully incorporated cover crop study, where cover crops residues were 

disked into the soil. Conventional tillage (disk and soil conditioning) was the control in both 

years and matches current soil management practices in sweetpotato. To compliment these field 

studies, a greenhouse experiment was conducted to compare the efficacy of the wireworm 

resistant variety (Monaco) with two susceptible sweetpotato varieties, Beauregard and 

Covington. Wireworm damage on the sweetpotato roots was assessed in both field and 

greenhouse studies and related back to cover crop type and sweetpotato variety. Results show 
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that varietal resistance had a strong effect on the amount of wireworm damage observed. Across 

all studies, susceptible Covington had more damage than resistant Monaco. The effect of cover 

crop was not found to be significant in any trial. This result differs from our hypothesis that 

cover crop plots would have greater levels of damage when compared to conventionally tilled 

control. This study provides important context about the importance of varietal resistance in 

organic production and relative safety of cover crop use in the system. 

Keywords: Wireworm, cover crop, green bridge, allelopathy, no-till  

Introduction 

Wireworms, larval stage of click beetles (Coleoptera: Elateridae), are one of the most 

important insect pest of sweetpotatoes in the eastern United States (Wilson et al., 1977). 

Wireworm feeding damage to the developing storage root will leave circular holes in the 

sweetpotato skin and flesh that result in reduced quality and marketability (Arrington et al., 

2016, Abney & Kennedy 2011, Keaster et al., 1975). Although wireworms are an economic pest 

of sweetpotatoes, the larvae also feed on many crop and non-crop host plants, further 

complicating management (Hemerik et al., 2003). In North Carolina, a complex of eight 

wireworm species can be found in sweetpotato fields (Baulmer et al., 2010). Of these, Melanotus 

communis (Gyllenhal), Conoderus amplicollis (Gyllenhal), Conoderus falli (Lane), and 

Conoderus vespertinus (Fabricius) are the most common economic pests of sweetpotato in the 

state (Baumler et al., 2010). Although these species have different developmental periods (Table 

1), each species shares a similar ecological niche as a soil-borne root feeder during the larval 

stage. Because many of these economically important wireworm species in the eastern U.S. are 

highly polyphagous and have multi-year larval stages, annual crop rotations and off-season host 
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plant management practices (i.e. weeds, cover crops) can increase overall risk for root damage to 

the subsequent sweetpotato crop (Furlan et al., 2019, Esser et al., 2015). Documenting the overall 

contribution of crop cycles is an important factor to better understand the relationship between 

inter-annual production practices and wireworm damage risk.  

In organic vegetable production, cover crops are a popular management strategy used to 

decrease soil erosion and provide nutrients to the following cash crop (Price & Norsworthy 2016, 

Masinuas 1998). To maximize off-season benefits, cover crops are planted in the early summer 

or autumn and then incorporated with intensive tillage before planting vegetables (Norsworthy et 

al., 2007, Treadwell et al., 2007, Wang et al., 2008). Alternatively, growers are also 

experimenting with no-till cover crops to decrease within-season weed establishment in organic 

vegetable production systems (Treadwell et al., 2007, Vollmer et al., 2010). In the no-till system, 

weed emergence is suppressed in one of two ways. The first is allelopathy, which is when the 

cover crop produces biochemicals (i.e. alkaloids, organic acids, sulfides) that inhibit the 

germination or growth of plants in their surrounding area (Einhellig 1994). These biochemicals 

are released while the plant is growing and once the cover crop has been terminated into a 

residue (Wier et al., 2004). Rye is a cover crop with known allelopathic qualities, with its power 

to suppress weeds being found in the presence of phytotoxic benzoxazinones being exuded from 

the crop (Schulz et al., 2013). The second suppression method is direct shading of germinating 

weeds. In this scenario, no-till cover crops remain on the surface following termination, affecting 

the soil temperature, moisture, and the amount of light available to the soil (Creamer et al., 

1996). This reduces the ability of weed seeds to germinate and compete with a rapidly expanding 

sweetpotato canopy (Creamer et al., 1996).  
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Despite the well documented benefits that cover crops provide, adoption remains low in 

the southeastern United States (O’Connell et al., 2015). For sweetpotato, one concern is that 

winter cover crops could provide a green bridge that enables a greater proportion of soil borne 

insect pest populations to persist throughout the winter fallow season (Jackson & Harrison 2008). 

The green bridge provides food and microhabitats to insect populations during a time that the 

soil is normally fallow (Favetti et al., 2017). As a result, a greater proportion of the larval 

population survives the winter which increases the damage risk for the next primary cash crop 

(Jackson & Harrison 2008, Favetti et al., 2017).  

One approach to reduce damage risk to organic vegetables using cover crops is to 

incorporate another IPM strategy to improve crop quality. Host plant resistance is an effective 

strategy to reduce insect herbivory and insect-vectored virus transmission in vegetables 

(Lawrence et al., 2005, Collins et al., 1991). Over the past several decades, sweetpotato breeders 

have improved insect resistance traits expressed in commercial varieties. The most recent work 

to improve sweetpotato resistance to soil-borne pests shows a new variety called Ruddy (the 

parental line of Monaco- used in this study) has high WDS (Wireworm, Diabrotica spp., Systena 

spp.) resistance, followed by Covington, and then Beauregard (Jackson 2013, Jackson 2012, 

Jackson 2011). This promising data suggests that if cover crops are going to be used in an 

organic sweetpotato production system, it would be best to transplant a resistant variety (i.e., 

Ruddy or Monaco) since they will be the least susceptible to damage under higher than normal 

wireworm pressure due to the cover crop green bridge.  

While many studies have documented cover crop and varietal benefits independently, the 

interaction between cover crops and sweetpotato varieties is not well understood (Snapp et al., 

2005). In this study, we examined how combinations of cover crops and resistant varieties 
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related to the abundance of wireworms and direct injury to marketable sweetpotato roots. We 

hypothesized that the presence of cover crops will relate to higher wireworm damage of 

sweetpotato roots. Furthermore, we hypothesized that the insect resistant variety will have lower 

wireworm feeding damage when compared to the susceptible variety. Lastly, we hypothesized 

that the resistant cultivar would be associated with reduced feeding damage relative to the 

susceptible when combined with a cover crop (variety × cover crop interaction). To do this, we 

coupled field and greenhouse studies to document the relationship between cover crops, insect-

resistant cultivars, and wireworm damage. Outcomes of this research will inform farmer 

decisions about tradeoffs for integrating cover crops and the benefits of combining insect-

resistant varieties with cover crops to minimize sweetpotato damage while improving soil health. 

Materials and Methods 

This study examined reduced-till and fully incorporated organic cover crops in two 

different sweetpotato growing seasons. In both seasons, cover crop treatments included: rye, a 

legume, and a conventionally tilled control. Nested within cover crop treatments were split plots 

of insect resistant (cv. Monaco) and susceptible (cv. Covington) varieties. In year one (2018-

2019), we established reduced-till plots that retained cover crop residues on the soil surface 

throughout the season. Due to exceptional weed pressure throughout the season, we transitioned 

to a fully incorporated cover crop system the second year (2019-2020). Although these studies 

were not replicated between years, the same experimental design was replicated in two different 

locations in each year. To estimate the level of varietal resistance, we also conducted a 

complimentary greenhouse trial to measure wireworm damage using a controlled experiment. 

Please see the project timeline for a clear layout of experiments over time (Table 2). 
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Field Trials 

Reduced-Till Cover Crop Trials:  

In 2018-2019, cover crop studies were located on organically certified land at North 

Carolina Department of Agriculture & Consumer Services (NCDA & CS) Caswell Research 

Station located near Kinston, NC (35.2627°N, -77.5816°W) and at the NC State Center for 

Environmental Farming Systems (CEFS), located at Cherry Research Station near Goldsboro, 

NC (35.3849°N, -77.9928°W).  

At each location, cover crop strips were arranged in a split-plot randomized complete 

block design (RCBD) with four blocks each containing three cover crop whole-plot factors (rye, 

vetch + rye blend, and a conventionally tilled control). Cover crop plots were 36.6 meters long 

by 8.5 meters wide and separated by two guard rows. Each cover crop plot was divided further 

into a split-plot design containing eight subplots to simultaneously test fertility response (N = 6 

fertility subplots), insect response (N = 1 resistant variety subplot), and a weed pressure 

treatment (N = 1 weedy check). Each subplot was 4.3 meters wide by 9.1 meters long (four rows 

spaced 42” apart x 30-ft). The six fertility subplots received between 0-120% required nitrogen 

in the form of sodium nitrate: 0, 20,40,60,80,120 kg N ha-1. The wireworm resistant variety 

(Monaco) subplot received 100% of the recommended nitrogen (80 kg Nha-1). We made direct 

comparisons within plots between subplots of resistant and susceptible (Covington) varieties that 

each received 100% of recommended nitrogen (80kg N ha-1). The weed pressure treatment was 

divided into 4.5 m subplots to estimate background weed pressure if left unmanaged or 

intensively managed to eliminate all weed competition. Because the objective was to directly 

compare the cover crop by variety interaction at a full fertility rate, we did not further analyze the 
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weed pressure treatment or additional fertility plots (0, 20, 40, 60, 120 kg N ha-1) in this study 

(For a full description of fertility response, please see Hahn 2020). 

Cover crops were seeded on October 31, 2018. Prior to seeding, each study location was 

tilled and bedded to form sweetpotato beds for the next season using a four-rowripper-bedder 

(KMC 6800 Series Ripper Bedder, Kelley Manufacturing Co., Tifton, GA). Cover crops were 

broadcast seeded directly onto formed beds at a rate of 134 kg ha-1 for rye and at 62 rye + 28 

vetch kg ha-1 for the rye + vetch blend. Cover crop seeding rates were based on best management 

practice recommendations for organic production (Jennings et al., 2019). Once cover crop plots 

were seeded, the conventional tilled plots were disked to mimic conventional soil preparation in 

the autumn (i.e., flat tilled soil during the winter fallow period). On June 3, 2019, the 

conventional tilled plots were tilled again and bedded prior to transplanting. Cover crops were 

terminated using a custom, single row roller crimper that was designed to fit the contour of the 

autumn-bedded sweetpotato hills. The residue mat formed thick mulch over the stale transplant 

bed in order to suffocate weeds.  

Sweetpotato slips were transplanted on June 6, 2019 at both locations using a no-till 

vegetable transplanter (Cechhi&Magli, Bologna, Italy). All fertility and weed-check subplots 

were planted with organically produced Covington sweetpotato slips. Resistant subplots were 

transplanted with organic Monaco. Fertilizer was hand applied over the top of planted slips using 

pre-weighed amounts for each row. All slips were donated by Jones Family Farm located in 

Bailey, NC.  
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Fully Incorporated Cover Crop Trials:  

The second year of the study was located at the same two sites. The goal of the second 

year was to improve yields and reduce weed pressure by fully incorporating all cover crop 

residues immediately before forming transplant beds. To ensure similar abiotic and biotic 

conditions (e.g. soils, weed pressure), the study location was rotated to an adjacent field. Each 

location replicate was arranged in a RCBD with five blocks each containing four whole-plot 

cover crop treatments (rye, crimson clover, Austrian winter pea, and fallow). In this study we 

used a simplified experimental design that included six fallow fertility treatments that were tilled 

in the autumn and received no cover crop. Fertility treatments ranged from 0-120% of projected 

nitrogen need (0, 20, 40, 60, 80, 120 kg N ha-1). Cover crop and fertility plots were 9.1 meters 

long by 8.5 meters wide (eight rows spaced 42” apart x 30-ft). Individual cover crop plots and 

the 0% nitrogen fallow plot were divided into a sub-plot of four rows containing resistant 

(Monaco) and four rows containing susceptible (Covington) slips. The cover crop subplots 

received no supplemental nitrogen. All remaining fertility plots were planted with Covington but 

were not analyzed in this study. Experimental blocks were separated by a 1.5 meter bare alley.  

Cover crops were seeded on October 25, 2019. Cover crops were broadcast seeded at 

rates of 34 kg ha-1 for crimson clover, 112 kg ha-1for Austrian winter pea, and 134 kg ha-1 for rye 

(Jennings et al., 2019). Cover crops were terminated and incorporated into the soil on May 8, 

2020 using an offset disk. The fields were bedded prior to transplant on June 3, 2020. 

Sweetpotato slips were transplanted on June 4, 2020 at both locations using a no-till vegetable 

transplanter (Cechhi & Magli, Bologna, Italy). All slips were donated by Jones Family Farm 

located in Bailey, NC. At the Kinston location, incomplete rye residue breakdown inhibited 

transplanting so those plots were hand planted.  
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Wireworm Monitoring: 

Wireworm activity was monitored using soaked baits consisting of organic steam-

crimped oats, Avena sativa L. (Triple Crown Naturals, Wayzata, MN). Prior to setup baits were 

soaked overnight in water. Approximately 128 grams of soaked oat baits were placed in a hole 

dug with a standard golf cup cutter that was 10.16 cm in diameter by 12.5 cm deep. Sampling 

began three weeks after cover crops were planted in the autumn of 2018. A total of three 

wireworm bait traps were set up in a zigzag pattern in each plot. The oat baits were covered with 

1.27 cm of soil and then a layer of 2 millimeter black plastic (Husky Plastic Sheeting, Poly-

America, Grand Prairie, TX). Each bait location was marked with a standard field flag. After a 

two week-exposure, the baits were excavated, placed in plastic bags and transported to the 

laboratory on NC State Main Campus. Baits and surrounding soil were sorted for wireworms. 

Individual wireworms were identified using Riley & Keaster (1979) for identification of 

Melanotus species and Rabb (1963) for identification of Conoderus species. All identified 

insects were preserved using 75% ethanol.  

In the second half of the 2018-2019 study, we transitioned to wireworm bait contained in 

a sock made from a nylon-based blend of synthetic fibers (Excell Ultra Sheer Pantyhose, Carid 

Sales, St. Opa-Locka, Florida). Socks were cut approximately 60 cm from the foot end and were 

filled with 64 grams of dry cracked corn (Non-GMO Cracked Corn, Sunrise Farms Feed, Stuarts 

Draft, VA) and 64 grams of wheat seed (Organic Roller Crimped Wheat, Mule City Specialty 

Feeds, Benson, NC). Leg openings were tied off and soaked in water for 12 hours before 

placement in the field. Baits were placed in a 10.16 cm diameter by 12.5 cm deep hole and were 

covered with a layer of plastic wrap and soil. All traps remained in the field for two weeks. Upon 

retrieval, wireworms were identified to species and preserved. During the growing season, 
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wireworm bait traps were placed in the field monthly from June through August 2019. This 

trapping method was used in the autumn and summer of the 2019-2020 fully incorporated cover 

crop study.  

Adult click beetle monitoring was conducted to assess timing of infestation and 

oviposition during the 2019-2020 field season. To do this, 15 x 20 cm yellow sticky cards 

(Kensizer, Shenzhen Baiwei Trade Co., Gardena, CA) were placed in a portrait orientation 

around both the Kinston and Goldsboro field sites from mid-July until the first week of 

September. Trapping was initiated when peak adult activity was anticipated (Rabb 1963). Eight 

sticky card traps were binder clipped to 1.2 m wooden stakes spaced equidistantly around the 

study border. Cards were changed weekly and examined for adult click beetles. All specimens 

were pinned and identified. 

Plot Maintenance, Harvest, and Damage Evaluation:  

Hand weeding of both locations during both years commenced about one month after 

transplanting and was repeated on a weekly basis. Weeds were hand pulled and removed from 

the study area. In the reduced tillage study (2018-2019), the weed pressure at the cover crop 

treatments of the Kinston location was too high to be maintained at a reasonable level that would 

be consistent with expectations of an organic grower. Combined with already poor stand 

establishment of these plots, they were omitted from the study. All conventionally tilled 

treatments at Kinston were harvested for a variety by location comparison to conventionally 

tilled plots at the Goldsboro location in 2019. Pigweed (Amaranthus palmeri S. Wats) and a 

variety of grasses were dominant weed types both years.   
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Sweetpotatoes were mechanically harvested during the first week of October in both 

study years. Ten linear feet of two rows were harvested from every sub-plot (20 total linear feet) 

using a standard chain digger (Yield Max Gen. II Short Bed Digger, Strikland Brothers 

Enterprises, Inc., Spring Hope, NC). Harvested roots were graded using USDA standards 

(jumbo, U.S. No.1, U.S. No. 2, and cull). All roots were weighed by grade category. To evaluate 

wireworm injury, a random sample of 30 U.S. No. 1 roots were selected from each subplot, 

washed, and visually inspected for wireworm damage. In plots that had fewer than 30 U.S. No.1 

roots, U.S. No. 2 roots were used to supplement the sample. 

Statistical Analysis of Field Data: 

All statistical analyses were conducted in R (Version 4.0.3 R Core Team, 2020). In both 

reduced tillage and fully incorporated cover crop studies, root damage was evaluated as a binary 

response (damaged/not). The number of wireworm feeding holes on damaged roots was 

evaluated as a count. For the reduced tillage study (2018-2019), we divided the analyses into two 

groups: 1) the balanced cover crop by variety interaction analysis using only the Goldsboro data 

and 2) a composite analysis that included only the conventionally tilled plots from both study 

locations to test the location by variety interaction effects. Arcsine square root transformation of 

the data was used to meet assumptions of normality (Sokal & Rohlf 1995). A linear model 

framework tested for cover crop and variety main effects and their interaction at Goldsboro. 

Because weed pressure was excessive in Kinston cover crop plots, we only included data from 

the conventionally tilled plot in the analysis. Here, we used the same linear modeling approach to 

test for variety and location main effects and their interactions. The significance of treatment 

main effects and their interactions were evaluated using analysis of variance (ANOVA). Mean 
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separation was conducted using Tukey post hoc test (α = 0.05) in the package agricolae 

(DeMendiburu 2020).  

In the fully incorporated cover crop study (2019-2020), treatments between locations 

were balanced. A generalized linear model framework tested for cover crop, variety, and location 

main effects and their interactions. All models were fitted by location using the glmer function in 

the lme4 package (Bates et al., 2015). Binary damage data was fit using logistic regression and 

the number of damage sites per root was fit with a negative binomial distribution. Each model 

included a random effect for block to account for variation among blocks nested within location. 

The significance of treatment main effects and their interactions were evaluated using type III 

ANOVA from the car package (Fox et al., 2020). Separation of least squares means were 

conducted using Tukey significance tests (α = 0.05) in the emmeans package (Lenth 2018).All 

raw data manipulation and summary was conducted using the reshape2 and plyr packages 

(Wickham 2020a & 2020b). Figures were generated using ggplot2 (Wickham et al., 2020c). 

Varietal Resistance Greenhouse Study 

The goal of this experiment was to evaluate the resistance levels of common sweetpotato 

varieties under consistent pressure from a known number of larvae. Wireworm larvae were 

collected on April 15, 2019 at Ol’ Turtle Farm located near Black Mountain, North Carolina. 

Larvae were collected from transplanted organic kale (Brassica oleracea) and cut white potato 

tubers (Solanum tuberosum L.) placed in the soil for a period of 7 days. Larvae were placed in 

field soil and transported to NC State Campus in Raleigh, NC. Larvae were identified as mid- to 

late- instar Melanotus communis. Insects in soil were maintained at 15°C with a photoperiod of 0 
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Light: 24 dark in a temperature controlled chamber (Model I36VLC8, Percival Scientific, Inc, 

Perry, IA).  

To test the relative levels of wireworm resistance in the sweetpotato varieties used in our 

field studies, we conducted a controlled greenhouse experiment to understand resistance to a 

known density of wireworm larvae under two different moisture levels. Because we assume 

wireworms preferentially feed on roots for moisture during dry periods, we included a moisture 

treatment in this study to determine if varietal resistance declines under dry soil conditions. We 

evaluated three varieties: Covington (susceptible, also in the field study), Beauregard 

(susceptible), and Monaco (resistant, also in the field study) (Jackson 2011, 2012, & 2013). A 

randomized complete block design study tested the effect of variety, soil moisture, and their 

interaction (3 varieties × 2 soil moisture levels, N =34 replicates of each combination). To ensure 

the background physical and microbial properties of test soil was consistent with sweetpotato 

production areas, we conducted our greenhouse studies using approximately 225 kg of Norfolk 

sandy loam top soil from the NCDA & CS Cunningham Research Station located near Kinston, 

NC. The field had no prior fumigation or insecticide treatment in the 2019 growing season.  

Field soil was transported to the Method Road Greenhouses on North Carolina State 

University main campus located in Raleigh, NC. Individual 15.2 cm clay pots were initially 

filled with approximately 0.35 kg of moistened field soil and two field-collected M. communis 

larvae. A single undamaged sweetpotato root was placed in the pot and the remaining volume 

was filled with field soil (approximately 0.70 kg). Pots were evenly split into regularly watered 

and water stressed treatments. Water treatment pots received 250mL of water applied to the soil 

every three days. All pots in both moisture treatments were weighed every three days prior to 
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water application. After three weeks, the experiment was terminated and roots were visually 

inspected for wireworm holes.  

A linear model approach was used to analyze the relationship between the number of 

wireworm holes and the main effects for variety, categorical soil moisture level (saturated/dry), 

and their interaction. Responses were log transformed (Logx+1) prior to analysis to meet 

assumptions of normality. An analysis of variance (ANOVA) was used to test significance of 

main effects and interactions. Means were separated post hoc by using Tukey’s (α = 0.05) for 

significant effects using the TukeyHSD function in the package agricolae (DeMendiburu 2020).  

Results 

Field Harvested Sweetpotatoes: 

The total yield in the fully incorporated cover crop study was significantly greater than in 

the reduced tillage study across both locations and varieties (Table 3). This can be explained due 

to weed competition and poor stand establishment in the 2019 reduced tillage study. Covington 

yield was higher than Monaco across both years (Table 3).  

Wireworm Abundance: 

In both field studies, larval density was not associated with a cover crop treatment. The 

conventionally tilled plot had an intermediate amount of larvae when compared to cover crop 

larval catch for both years (Tables 4 & 5). Interestingly, the average number of larvae caught per 

sample window in the 2019-2020 conventionally tilled plots was approximately 14 fold higher 

than the prior field season (Pearson’s Chi-squared test: χ2 = 67.163, df = 1, P <0.01). Because 

study sites were adjacent to one another between years, we assume that the background density 
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of larvae would have been similar. One potential explanation for this difference could be 

increased trapping efficiency of the nylon sock used in the second field season over loose baits. 

Although this is one plausible explanation, further research will be needed to test trap efficiency 

in a more robust way. 

The diversity of adult click beetle species was similar between locations; however, the 

number of individuals caught was 0.48 fold greater at the Kinston location compared to 

Goldsboro (Table 6). Although the direct explanation for this species-level variation is not 

known, previous studies have suggested that differences in adult abundance can be attributed to a 

variety of factors including previous cropping history, soil composition, amount of rainfall at 

each location, or soil pH (Kozina et al., 2015).  

Reduced-Till Cover Crop Study: 

At the Goldsboro location, the proportion of damaged roots was significantly different by 

variety (F=4.68, df = 1, P = 0.04). At this site, Covington had nearly double the number of 

damaged roots when compared to Monaco (Table 7). We observed no significant differences 

between cover crop treatments (F= 0.35, df = 2, P = 0.71) or the sweetpotato variety by cover 

crop interaction (F=1.55, df = 2, P = 0.25). The average number of holes present on a damaged 

root was not significantly different for variety (F=1.46, df = 1, P = 0.23) or cover crop main 

effects (F= 0.57, df = 2, P = 0.57). Moreover, there was not a significant interaction between 

variety and cover crop (F= 0.06, df = 1, P = 0.80).  

Because we successfully collected damage data in conventional tilled plots at Kinston in 

2019, damage between Kinston and Goldsboro were compared using a variety by location 

interaction for those plots only. Here, the proportion of damaged roots was significantly different 
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between locations (F= 44.04, df = 1, P< 0.01), varieties (F=16.98, df= 1, P< 0.01), and their 

interaction (F= 6.03, df = 1, P = 0.03). The average damage across locations was five times 

greater at Kinston than Goldsboro and Covington roots were 2.5 times as likely to be damaged 

compared to Monaco roots (Table 7). The location by variety interaction shows the average 

amount of damage by variety was dependent upon the location (Figure 1).  

The average number of holes present on a damaged root was significantly different 

between varieties (F=6.82, df = 1, P< 0.01) and locations (F=16.02, df = 1, P< 0.01). No 

significant interaction between variety and location was observed (F=0.15, df = 1, P = 0.70). 

Covington roots had a greater number of holes per damaged root compared to Monaco and 

damaged roots from Kinston had twice as many holes on average as damaged roots from 

Goldsboro (Table 7).  

Fully Incorporated Cover Crop Study: 

In the 2020 fully incorporated cover crop study, treatments were balanced between 

locations and results were derived from a single analysis. For the proportion of damaged roots, 

we observed significant variety and location main effects (Table 8). However, there was not a 

significant effect of cover crop or any interaction (Table 8). Similar to the prior reduced tillage 

study, Covington roots averaged twice the damage when compared to Monaco roots (Figure 2). 

The average percent of damaged roots at Kinston were 23.00 ±12.65 and 48.91±18.31 at 

Goldsboro when controlling for other predictors (Table 9).  

Analysis of the average number of holes per damaged root yielded significant variety and 

location main effects (Table 10). Neither the cover crop main effect nor interactions were 

significant (Table 10). Similar to the reduced tillage study in the previous year, there were more 
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wireworm holes present on the damaged Covington roots when compared to damaged Monaco 

roots (Figure 3). The average number of holes per damaged root at Kinston was 1.99 ±1.43 and 

2.89 ±2.72 at Goldsboro when controlling for other predictors (Table 9). 

Greenhouse Study: 

In the controlled greenhouse study, we observed a highly significant main effect of 

variety on the amount of damage per root (F=45.69, df= 2, P< 0.01). The variety Beauregard had 

the most holes, followed by Covington, then Monaco (Figure 4). The results aligned with our 

hypothesis that the putatively resistant variety would have the least amount of damage when 

exposed to a known number of wireworms. There was not a significant watering main effect 

(F=2.06, df= 1, P= 0.15) or a variety by water interaction (F=2.04, df= 2, P= 0.14). 

Discussion 

Previous research has suggested that use of cover crops could create a green bridge that 

would enable a higher proportion of soil-borne arthropods to persist through the fallow winter 

period in comparison to conventional tillage (Jackson & Harrison 2008, Favetti et al., 2017). In 

this study, there was not a significant relationship between cover crop type and the proportion of 

damaged roots in either the reduced tillage or fully incorporated cover crop studies. Overall, this 

result suggests that cover crop treatments did not have greater feeding damage compared to 

conventional tillage.  

One clear limitation of the reduced tillage and fully incorporated cover crop studies was 

weed competition. Cover crops have been shown in other studies to aid in weed suppression 

through the release of allelopathic compounds that inhibit germination and growth of weeds 
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(Teasdale et al., 1991). No significant allelopathic effect was observed in this study (i.e., weeds 

were very vigorous across all cover crop treatments). The weed pressure across both years was 

considerable and required weekly management until canopy closure. It is possible that the 

previous mismanagement of our organic fields had generated a very large seed bank of weeds. 

Under this extreme pressure, allelopathic compounds generated by cover crops were clearly 

overwhelmed. Studies of weed seed banks have shown that the soil can harbor up to a million 

seeds per square meter, with a few dominant species accounting for 70-90% of the total seed 

bank (Fenner 1985, Wilson 1988). At our study locations, the dominant species was clearly 

pigweed (Amaranthus spp.). 

Location was a consistent significant effect in both the reduced tillage and fully 

incorporated cover crop studies. In the reduced tillage study, the Kinston location had 

approximately five times more damaged roots and twice as many holes per damaged root 

compared to the Goldsboro location (Table 7, Figure 1). In the fully incorporated study, we 

observed that the Goldsboro site doubled the Kinston site for both percent damaged roots and 

average number of holes per damaged root (Table 9). In the previous season, this Goldsboro 

location was planted to a grain sorghum cover crop. In contrast, the Kinston location was fallow 

and managed with repeated mowing throughout the growing season. The presence of a highly 

suitable oviposition host plant for adult click beetles (sorghum) at Goldsboro in the summer 

before cover crop establishment may be one explanation for these large differences in the 

pressure between locations. If the crops grown in previous years were also attractive to adult 

click beetles (corn, tobacco), there could be a higher density of wireworm larvae already present 

in that field given their semi-voltine life cycles (Poggi et al., 2018). 
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In this series of studies, we observed that Monaco had significantly less damage than 

Covington. There was not a single trial where the direction of this varietal damage effect 

changed (Tables 7, 8, 9 & 10, Figures 2 & 3). The strength of this resistance effect was 

confirmed in the greenhouse study that documented the same trend in damage between 

susceptible and resistant varieties under controlled conditions (Figure 4). The mechanism for 

varietal resistance is driven by the basic chemical composition of the sweetpotato skin, with 

varieties containing low amounts of glycoalkaloids and the highest amounts of sugar being the 

most preferred food source (Jonasson & Olsson 1994). The amount of glykoalkaloids in an 

individual root can be affected by many factors including nitrogen fertilization and 

environmental conditions (Maga & Fitzpatrick 1980). There has been work to increase levels of 

glycoalkaloids in sweetpotato to increase resistance. However, high levels of these chemicals can 

be toxic to humans (Johanson et al., 2008). Although the breeding process is slow, these results 

provide promising insight to control wireworms in organic sweetpotatoes.  

Together, these results provide strong support for ongoing varietal development focused 

on insect resistance. Moreover, this result is important because varietal resistance could be one of 

the easily adopted and consistent methods to control pest damage in organic sweet potato 

production. We also found little support for the negative effects of cover crops as green bridges 

for wireworms. This result is a positive finding for growers who would like to harness the 

beneficial aspects of cover crop use while minimizing the potential for increasing injury from 

pests. With increasing consumer demand for pesticide-free produce, reduction of root injury with 

varietal resistance could be a major addition to the conventional sweetpotato IPM toolbox that 

may enable insecticide reductions and improve the sustainability of sweetpotato production.  
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Tables  

Table 1: Various life cycles of click beetle species present in North Carolina. 

Species 

Life 

Cycle 

Duration Oviposition 

Egg 

period 

Larval 

period Pupation 

Pupal 

Period References 

Melanotus 

communis 6 years June 30 days 4 years August 

7-39 

days 

Chalfant et 

al.(1979)Fento

n(1985) 

Larsen et al. 

(2013) 

Conoderus 

vespertinus 348 days Mid-June 10 days 315 days 

Mid-May- 

early July 10 days 

Baulmer(2009) 

Rabb (1963) 

 Turnipseed & 

Rabb (1936) 

Aeolus 

mellillus 78 days  April 12.5 days  50 days 

End of 
May-early 

August 11 days Jewett (1940) 

Conoderus 

amplicolis 1 year May-June 9.2 days 

315.6 

days 

End of 

May-early 

June Mid June 

Cockerham & 

Deen(1936), 

Seal et al. 

(1992a) 

Conoderus 

bellus 49 days May-August 6-11 days  

27-37 

days  

June and 

July  9 days  
Jewett (1945) 

Jewett (1946) 

Conoderus 

falli 

54-94 

days  Early April 8-20 days  

41-69 

days  

End of 

May-early 

June 12 days  

Chalfant et 

al.(1979)Day 

(1971) 

Norris (1957) 

Conoderus 

lividus  1 year 

July and 

August 9-11 days  335 days  

June and 

July  

9-16 

days 
Jewett (1946) 

Jewett (1948) 

Conoderus 

scissus 2-3 years . . . . . 

Seal et al. 

(1992a) 

Seal et al. 

(1992b) 

Glyphonyx 

bimarginatus 

3-4 

months  . . . . . Seal (1991) 
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Table 2: Cover crop and greenhouse study project timeline. 

Study Operation Autumn  

2018 

Spring  

2019 

Summer  

2019 

Autumn  

2019 

Spring  

2020 

Summer 

2020 

Autumn  

2020 

Reduced 

Till Cover 

Crop Study 

Cover crop 

planting X     
 

 

 

Cover crop 

termination 

& 

sweetpotato 

planting 

 X    
 

 

 
Wireworm 

monitoring   X   
 

 

 

Sweetpotato 

harvest & 

damage 

rating 

   X  
 

 

Fully 

Incorporated 

Cover Crop 

Study 

Cover crop 

planting    X  
 

 

 

Cover crop 

termination 

& 

sweetpotato 

planting 

    X 
 

 

 
Wireworm 

monitoring      
X 

 

 

Sweetpotato 

harvest & 

damage 

rating 

     
 

X 

Greenhouse 

study 

Wireworm 

collection  X    
 

 

 
Greenhouse 

evaluation   X   
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Table 3: Average yield of sweetpotatoes (±SD) for the reduced tillage and fully incorporated 

cover crop growing seasons at Kinston and Goldsboro. Yield given in kilograms.  

Year Location Variety  Jumbo No. 1 No. 2 Cull 

2019a Goldsboro Covington 0.80 ± 1.32 3.04 ± 3.57 0.88 ± 0.94 0.06 ± 0.14 

  Monaco 0.42 ± 0.90 0.94 ± 1.50 0.40 ± 0.49 0.09± 0.18 

 Kinston Covington 0.80 ± 0.83 4.00 ± 1.47  1.45 ± 0.63 0.07 ± 0.08 

    Monaco 1.43 ± 1.32 2.29 ± 1.60 1.41 ± 0.73 0.04 ± 0.05 

2020b Goldsboro Covington 5.03 ±  2.50 13.12 ±  3.39 3.85 ±  1.16 1.23 ±  0.66 

  Monaco 5.37 ± 1.69 8.94 ± 2.53 3.93 ±  1.06 1.17 ±  0.72 

 Kinston Covington 2.00 ±  2.26 7.34 ±  3.28 6.60 ±  2.02 1.67 ±  0.32 

  Monaco 1.60 ±  2.00 6.61 ±  3.59 5.14 ±  1.60 1.71 ±  0.20 
athe reduced tillage experiment was conducted in 2019 

bthe fully incorporated experiment was conducted in 2020 

 

Table 4: Number of wireworms caught in loose bait traps during the reduced tillage growing 

season at Kinston and Goldsboro in 2019. 

  
November June July August 

Goldsboro Rye 1 1 0 0 

 

Rye + Vetch 0 1 3 4 

 

Tilled 1 0 0 0 

Kinston Rye 0 - - - 

 

Rye + Vetch 1 - - - 

 

Tilled 0 1 1 2 

 

Table 5: Number of wireworms caught in nylon sock bait traps throughout the fully incorporated 

cover crop growing season at Kinston and Goldsboro in 2020. 

  
November June July August  

Goldsboro Rye 4 2 13 9 

  Austrian Winter Pea 4 1 14 19 

  Crimson Clover 6 3 18 25 

  Fallow 17 3 9 21 

Kinston Rye 5 6 36 8 

  Austrian Winter Pea 2 10 15 7 

  Crimson Clover 1 8 21 4 

  Fallow 7 3 15 7 
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Table 6: Number of adult click beetles caught on sticky traps around Kinston and Goldsboro 

during the summer of the fully incorporated cover crop growing season in 2020. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Breakdown of root damage for the 2019 reduced tillage study. Percent damaged roots 

and average holes per damaged root are given as mean ± SD. Please note, cover crop treatments 

in Kinston were omitted due to exceptional weed competition. 

 

Location Variety Cover Crop 
Percent Damaged 

Roots  

Average Holes per 

Damaged Root  

Goldsboro Covington Rye 27.03 ± 20.26 2.09 ± 1.19 

  Rye + Vetch 15.03 ± 11.90 1.76 ± 1.75 

  Tilled 15.88 ± 7.20 2.33 ± 2.19 

Goldsboro Monaco Rye 0.20 ± 2.08 1.00 ± 1.05 

  Rye + Vetch 16.65 ± 23.55 1.00 ± 1.36 

   Tilled 4.05 ± 5.90 1.00 ± 0.58 

Kinston Covington Rye - - 

  Rye + Vetch - - 

  Tilled 80.48 ± 11.16 4.97 ± 4.92 

Kinston Monaco Rye - - 

  Rye + Vetch - - 

  Tilled 33.75 ± 24.42 2.58 ± 2.77 

 

 

 

 

 

Species  Overall Catch Kinston Goldsboro 

Melanotus communis 3 3 0 

Conoderus vespertinus  6 5 1 

Aeolus mellillus 10 4 6 

Conoderus amplicollis  11 10 1 

Conoderus bellus  29 8 21 

Conoderus falli 16 11 5 

Conoderus lividus 0 0 0 

Conoderus scissus 3 3 0 

Glyphonyx bimarginatus  9 8 1 

Total 87 52 35 
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Table 8: ANOVA output table for percent damaged roots for sweetpotato yield during the 2020 

fully incorporated cover crop study. 

 

 

 

 

 

Table 9: Breakdown of root damage for the 2020 fully incorporated cover crop study. Percent 

damaged roots and average holes per damaged root are given as mean ± SD. 

 

Location Variety Cover Crop 

Percent 

Damaged 

Roots  

Average Holes per 

Damaged Root  

Goldsboro Covington Rye 74.00 ± 20.47 4.52 ± 5.30 

  Austrian Winter Pea 61.98 ± 11.21 3.00 ± 2.37 

  Crimson Clover 62.64 ± 23.51 3.19 ± 2.88 

   Tilled 61.34 ± 16.78 3.00 ± 2.91 

Goldsboro Monaco Rye 37.92 ± 19.85 2.68 ± 3.09 

  Austrian Winter Pea 37.98 ± 10.96 2.00 ± 1.30 

  Crimson Clover 34.30 ± 21.70 2.55 ± 2.27 

   Tilled 21.12 ± 22.03 2.14 ± 1.63 

Kinston Covington Rye 34.66 ± 14.23 1.87 ± 1.91 

  Austrian Winter Pea 38.66 ± 14.66 2.03 ± 1.52 

  Crimson Clover 33.34 ± 16.65 2.72 ± 2.64 

   Tilled 30.02 ± 18.41 2.29 ± 1.83 

Kinston Monaco Rye 6.64 ± 4.13 1.43 ± 0.53 

  Austrian Winter Pea 12.66 ± 14.64 2.26 ± 1.19 

  Crimson Clover 9.34 ± 2.76 1.79 ± 1.12 

  Tilled 18.66 ± 15.73 1.53 ± 0.74 

 

 

 

 

 

 

Model Parameter df F statistic P-value 

Variety 1 14.758 < 0.01 

Location 1 13.553 < 0.01 

Cover Crop 3 0.066 0.98 

Variety × Location 1 0.835 0.36 

Variety × Cover Crop 3 0.15 0.93 

Location × Cover Crop 3 0.54 0.66 
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Table 10: ANOVA output table for average holes per damaged root for sweetpotato yield during 

the fully incorporated cover crop study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model Parameter df F statistic P-value 

Variety 1 9.14 < 0.01 

Location 1 8.89 < 0.01 

Cover Crop 3 0.61 0.60 

Variety × Location 1 0.50 0.48 

Variety × Cover Crop 3 0.34 0.80 

Location × Cover Crop 3 2.51 0.05 
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Figures 

 

 

Figure 1: Percent damaged roots for a variety by location interaction seen in conventionally 

tilled plots at Kinston and Goldsboro during the 2019 reduced tillage study. 
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Figure 2: Percent damaged roots by variety at Kinston and Goldsboro for the 2020 fully 

incorporated cover crop study. 

 



53 

 

 

Figure 3: Mean number of holes per damaged root by variety at Kinston and Goldsboro for the 

2020 fully incorporated cover crop study. 
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Figure 4: Average number of wireworm holes observed by variety in the greenhouse study. 
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Chapter 2:  

Spatiotemporal abundance of Melanotus communis (Coleoptera: Elateridae) in sweetpotato 

agroecosystems 

Abstract 

Melanotus communis Gyllenhal (Coleoptera: Elateridae) larvae are a common soil-borne pest of 

many crops including sweet potatoes, grains, cotton, and tobacco. Although many studies have 

focused on the soil-dwelling larval stage of this pest, the seasonal activity and ecology of the 

adult stage M. communis (click beetles) is not well understood. The overarching goal of this 

study was to relate M. communis adult activity to landscape composition and configuration in the 

sweetpotato agroecosystem. To do this, we conducted a two year study documenting male M. 

communis activity using a newly synthesized olfactory sex attractant pheromone, 13-tetradecenyl 

acetate. This project was divided into two parts: 1) a pheromone assessment study documenting 

the efficacy of different chemical blends, and 2) a landscape survey using 13-tetradecenyl acetate 

alone. Results of the efficacy study showed that 13-tetradecenyl acetate was the most effective 

M. communis lure when compared to non-baited control traps or chemically similar pheromone 

lures. The landscape study documented a strong association between M. communis catch and the 

adjacent crop type. We found that adult M. communis abundance was greatest near maize, 

followed by sweet potato, and then cotton. Analysis of activity over time found that the peak 

activity occurred during the month of July, suggesting that intervention efforts targeting the adult 

stage (e.g., attract and kill, mating disruption) should be optimized to align with this activity 

period. Together, this project provides new information about M. communis activity and 

reinforces existing research documenting the association of this pest to specific host crops in the 

landscape. 
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Introduction 

The corn wireworm, Melanotus communis Gyllenhal (Coleoptera: Elateridae), is an 

annual pest of sweetpotatoes (Ipomoea batatas L.) in North Carolina (Willis et al., 2010a). 

Melanotus communis is a widespread pest across the U.S. and can be the dominant elaterid 

species in some systems, particularly maize dominated systems (Willis et al., 2010a). In North 

Carolina, field surveys have shown that M. communis is a relatively rare species when compared 

to more common pests like the tobacco wireworm (Conoderus vespertinus F.) (Willis et al., 

2010a & b). Although M. communis is not the most common species, it does have a close 

association with crop rotation patterns and specifically the prevalence of maize (Zea mays L.) 

and soybean (Glycine max L.) in the production sequence (Willis et al., 2010b). Given this 

association, the abundance of this insect may be closely related to the prevalence of these 

common row crops in the landscape. However, there is little known about the ecology and 

movement of adult M. communis during the growing season because accurate detection and 

monitoring of activity has been an ongoing challenge. Because the larval stage of M. communis 

develops over multiple years and can cause extensive damage to sweetpotato, a more refined 

understanding of how the prevalence of specific crops relate to the abundance of the adult stage 

of this pest will be an important step toward developing more accurate risk assessments and 

management recommendations. 

The recent identification of a female released pheromone for M. communis has enabled 

more widespread monitoring of adult activity using a synthetic form of the chemical compound 

(Williams et al., 2019). The compound13-tetradecenyl acetate is a synthetic olfactory sex 
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attractant pheromone that was isolated and synthesized to attract male M. communis (Williams  

et al., 2019). After synthesis, the 13-tetradecenyl acetate can be applied to a small rubber septum 

for controlled release of the pheromone (Williams et al., 2019). Used in this way, the pheromone 

impregnated septum can be deployed in the field to attract and capture M. communis males over 

time and space. Because adults are cryptic, the development of this tool enables widespread 

monitoring with relatively minimal effort. 

To better understand M. communis activity patterns and association with specific host 

crops, we conducted a landscape scale study to assess the specificity of the 13-tetradecenyl 

acetate lure and the spatiotemporal abundance of M. communis in sweetpotato agroecosystems. 

In this study, we monitored adult M. communis populations from May to September using 

Vernon pitfall traps baited with the 13-tetradecenyl acetate pheromone over two years (hereafter 

referred to as the acetate lure). The first year of this study evaluated the specificity of the acetate 

pheromone lure for capturing M. communis when compared to two homologous compounds, 13-

tetradecenyl butyrate (hereafter referred to as the butyrate lure) and 13-tetradecenyl hexanoate 

(hereafter referred to as the hexanoate lure). Based on prior research, we hypothesized that the 

acetate lure would capture more M. communis when compared to homologs that share similar 

functional groups but differ in overall composition. In the second year, we used the acetate 

pheromone lures to associate common host crops (i.e., maize, sweetpotato, cotton [Gossypium 

hirsutum L.]) with M. communis activity in the landscape. We hypothesized that M. communis 

would be more abundant when the adjacent field is a preferred host plant (i.e., maize) when 

compared to crops that are a less desirable host plant (i.e., cotton). This project provides a 

foundational approach to understand M. communis activity patterns using a novel pheromone 

lure. While similar pheromone approaches have been used for other elaterid species (Vernon 
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2004, Tóth 2013, Van Herk et al., 2019), this is the first application of a pheromone monitoring 

tool targeting M. communis in the sweetpotato production system. 

Materials and Methods 

Pheromone Lure Efficacy (2019): 

In this study, we divided the research into two primary objectives focused on quantifying 

pheromone efficacy and landscape-level association to key host crops. For the efficacy study, we 

selected five fields across four North Carolina counties located in the sweetpotato production 

region. Specifically, fields were located in Edgecombe, Franklin, Johnston, and Wayne Counties. 

The Edgecombe County field was located at the Upper Coastal Plain Research Station near 

Rocky Mount, NC (35.891798°N, -77.686607°W). The location of the Franklin County field was 

near Franklinton, NC (36.05008°N, -78.39504°W). In Johnston County, field sites were located 

at the Central Crops Research Station near Clayton, NC (35.670567°N, -78.501137°W) and near 

McGee’s Crossroads, NC (35.463494°N, -78.54466°W). The field in Wayne County was located 

at Center for Environmental Farming Systems (CEFS) near Goldsboro, NC (35.38161°N, -

78.0234°W). 

To capture adult insects visiting the pheromone, we deployed commercially available 

Vernon pitfall traps that are specifically designed to trap elaterids (Intko Supply, Chilliwack, BC, 

Canada). At each location, eight Vernon pitfall traps were set out in the non-crop area along the 

edge of agricultural fields. Trapping design consisted of a pheromone lure (either acetate, 

butyrate, hexanoate) each of which were paired with a non-pheromone control trap. At each 

location, we deployed a second paired acetate + control trap to maximize information gained 

about the most promising compound (N = 2 acetate, 1 butyrate, 1 hexanoate pheromone traps & 
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4 control traps per location). Each paired control trap was placed 20 meters away from its 

pheromone trap to minimize incidental catches due to the proximity to the pheromone lure. Each 

pair of pheromone and control traps was spaced greater than 30 meters apart. A golf cup cutter 

was used to excavate a hole for the pitfall trap base. Inside each trap base, approximately 100 mL 

of 1:1 propylene glycol and water was placed in a removable 250 mL polypropylene sample cup 

(Falcon® 354015, Corning Life Sciences, Corning, NY). Pheromone lures were suspended from 

a paper clip on the underside of trap lids. All pheromones were synthesized and loaded onto 

septa at the Insect and Arthropod Chemical Ecology Laboratory located at University of 

California, Riverside (https://faculty.ucr.edu/~millar/Base_Peak.html). Control traps received a 

plain rubber septum. The spatial location of each trap was recorded using a hand-held GPS unit. 

Trapping was initiated on May 8, 2019. All traps were sampled once per week. All 

insects were removed from the propylene glycol cup and placed into labeled polypropylene tubes 

(Corning Falcon® 50 mL Conical Centrifuge Tubes, Corning Life Sciences, Corning, NY). 

Preserved insects were identified to species, pinned, and labeled. All lure septa were replaced 

every two weeks. Hexanoate and butyrate lure quantities were only sufficient for eight weeks of 

consecutive sampling across all locations. As a result, after depletion of hexanoate and butyrate 

lures, acetate lures were substituted at those locations.  

Influences of Crop Type in the Sweetpotato Agroecosystem (2020): 

To understand the influence of host crop type on adult male M. communis abundance, we 

established sampling locations at thirty unique field locations across Lenoir County, NC. We 

randomly selected thirty fields in three clusters (10 cotton, 10 sweetpotato, and 10 maize) (Figure 

1). Clusters were a mix of all three crop types. All field locations were managed by a single 

https://faculty.ucr.edu/~millar/Base_Peak.html
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grower. No insecticide inputs were used to specifically target adult M. communis. At each field 

location, a Vernon pitfall trap containing an acetate lure was set up along the non-crop field 

boundary using the same methodology as described in the pheromone efficacy section. 

Additionally, a 15 x 20 cm dual-sided yellow sticky card (Kensizer, Shenzhen Baiwei Trade Co., 

Gardena, CA) was mounted on a 1.5 m wooden stake and placed 30 m away from the pheromone 

trap along the field margin.  

Insect trapping began at all locations on May 31, 2020. Pheromone and sticky traps were 

checked weekly for a period of 14 consecutive weeks. Each week, the entire propylene glycol 

cup was removed, labeled and brought back to the lab. Sticky cards were protected using saran 

wrap in the field for safe transport back to the lab. All elaterid species were identified from 

pitfall and sticky cards. Acetate pheromone lures were replaced every four weeks. 

Statistical Analysis: 

All data analyses were implemented in R (Version 4.0.3 R Core Team, 2020). To 

understand the response of common elaterid species to the three pheromones and a control in the 

pheromone lure efficacy trial, we first summarized the average catch per trap per week for the 

first eight weeks of sampling. During this period, all pheromone treatments were present in the 

field for a 7-8 week period. Qualitative assessment of butyrate and hexanoate catch relative to 

the control showed that these lures caught equal numbers of insects and did not attract different 

elaterid species. As a result, trap data was not formally analyzed but provided in summary form 

for comparison. For acetate and their control traps, we had a small sample size (N = 5 locations 

with 2 trap pairs per location) each with 10 weeks of repeated measurements. These weekly 

observations were not independent because they repeatedly sampled the same local M. communis 
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populations. To account for this trap-wise temporal association, we summarized individual trap 

data into average adult M. communis per week per trap. Because the distribution of the difference 

between sample means was not assumed to be normally distributed and the sample size was 

small, we used a non-parametric Wilcoxon signed-rank test to determine whether the average 

weekly catch from paired acetate and control traps had equal medians. Results clearly show that 

M. communis responds to the acetate lure despite clear location-wise variation.  

For the study examining the influence of different crop types a Moran’s I index was 

conducted to test for spatial autocorrelation between the traps in the package ape (Paradis et. al 

2020). The results of the Moran’s I test found no significant spatial autocorrelation between traps 

(P = 0.13). This indicated that the M. communis caught in one trap was independent of any 

neighboring traps. A repeated measures generalized linear mixed model was fit to test for a crop 

type main effect using negative binomial distribution with the glmer function in the package 

lme4 (Bates et al., 2015). Random effects included sample week and the field cluster to account 

for differences in M. communis catch in time and space. The significance of the adjacent crop 

main effect was evaluated using type III ANOVA from the car package (Fox et al., 2020). 

Separation of least squares means were conducted using Tukey significance test (α = 0.05) in the 

package emmeans (Lenth 2018).All raw data manipulation and summary was conducted using 

the reshape2 and plyr packages (Wickham 2020a &b). Figures were generated using ggplot2 

(Wickham et al., 2020c). 
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Results 

Pheromone Lure Efficacy (2019): 

Over an eight week sampling period, the acetate lure caught the most M. communis per 

trap per week when compared to the other pheromones and the control (Table 1). To understand 

how locations affected catch, we summarized the total catch of M. communis acetate and control 

lures across weeks in each location (Table 2). These results show that the greatest overall 

pressure occurred at the McGee’s Crossroads location (Table 2). Examination of crop history at 

that location revealed that maize was produced at that location in four of the prior ten years. 

Repeated production of maize could be one reasonable explanation for the abundance of M. 

communis and associated injury to the sweetpotato crop. Despite abundant M. communis, the 

butyrate and hexanoate lures did not attract greater numbers than the control traps at McGee’s 

Crossroads or any other location. Moreover, these pheromone blends did not attract other elaterid 

species either. 

To document the relative trapping efficiency of the acetate lure relative to its paired 

control, we calculated the average weekly catch per trap for sample pairs that were operational 

over the entire 10 week sampling window (excluding the acetate lures that replaced hexanoate 

and butyrate lures after stocks were depleted). Here, we found evidence that M. communis 

catches were significantly greater in acetate traps relative to their paired control trap (Wilcoxon 

signed rank test: V=41, P = 0.03). Acetate catches were 1.45 M. communis males per week 

(±0.69 SE) when compared to 0.07 males per week (±0.03) in control traps.  
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Influences of Crop Type (2020): 

Across both sampling years, the peak of M. communis activity occurred during July 

(Figure 2). To understand the activity pattern across the season, we extended sampling over 

fourteen consecutive weeks from May 31 until September 7, 2020. The broader sampling 

window provided a longer time series to document M. communis phenology throughout the 

season. Using the combined acetate and sticky card experimental design also enabled the 

detection of other elaterid species that are using terrestrial or flight dispersal into the crop. Here 

we observed a significant difference in elaterid composition depending on trap type (Pearson’s 

Chi-squared test: χ2 = 691.4, df = 8, P <0.001). Melanotus communis was the dominant species 

with 73% of the total individuals caught in the acetate pheromone trap (Table 3). In contrast, 

Glyphonyx bimarginatus comprised 70% of the total catch on sticky cards (Table 3). Total 

species abundance in different crops was also significantly different across both traps (χ2 = 

220.77, df = 16, P <0.001). Maize was the most attractive host, contributing 45% of all species 

caught in the study (Table 4). Using a full random effects model, we detected a significant 

difference between M. communis catch based on crop type (F=11.72, df= 2, P< 0.001). Maize 

was associated with the highest number of M. communis in this study (Figure 3).  

Discussion 

There are many reasons for variations in overall click beetle catch between trapping sites 

in the 2019 study. Click beetle abundance can be influenced by previous cropping history, local 

rainfall, and temperature (Kozina et al., 2015). Given the spatial extent of the samples collected 

across multiple counties, it is possible that environmental conditions varied sufficiently to 

influence abundance differences among sites. While the specific drivers of abundance variation 



64 

 

are unknown in our studies, locations with higher M. communis catch in 2019 may have been 

related to the composition of crop and non-crop hosts in the local landscape. However, 

distinguishing these subtle differences was not the objective of the first part of this study. 

In the 2020 landscape assessment of host crop association, maize was the crop with the 

highest catch of M. communis. This relationship confirms our hypothesis that M. communis 

adults will be most abundant in sample locations that are adjacent to maize. This result is not 

unexpected because M. communis larvae are very commonly associated with maize (Nuessly & 

Webb 2010). Many studies have shown that M. communis larvae are often present in maize 

where they are an economic pest of both seeds and growing seedlings (Dogger & Lilly 1949). 

Feeding can cause direct seedling mortality or indirectly slow the plants growth and reduce yield 

(Kabaluk & Ericsson 2007). Growers typically use either granular insecticide or seed treatments 

to reduce the effects M. communis has on corn (Alford & Krunke 2017, Papinernik et al., 2018, 

North et al., 2018, Tooker et al., 2017, Douglas & Tooker 2015). Although the economic 

importance of M. communis management is well understood for maize, relatively few studies 

have considered the value of documenting adult abundance in maize as a predictor for specialty 

crop injury (i.e., sweetpotato) throughout the crop production sequence (Willis et al., 2010a).  

We observed considerable differences between the species caught in the pheromone traps 

versus the sticky card traps in the landscape study. This is logical because the lures in the 

pheromone traps are known to be specific to M. communis. Previous studies have shown that 

elaterids prefer yellow colored sticky card traps (Toshova et al., 2017). The species caught in the 

highest abundance on the sticky cards was Glyphonyx bimarginatus. The location of the two 

different traps in the landscape may be the explanation for this. The pitfalls traps were placed in 

the ground and the sticky cards were mounted on a wooden stake. Click beetles main mode of 
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transportation is flight, not walking around on the ground (Lafrance 1963). Given this behavior, 

there was not a specific reason for any other species besides M. communis to diverge from their 

normal pattern of flight and go down towards the pheromone trap. Therefore, G. bimarginatus 

catch was so high on the sticky card compared to the pheromone trap simply because it was 

positioned in an area more on target with their natural movements through the landscape. In 

previous studies, G. bimarginatus has been detected at high levels in sugarcane, potato, and 

peanut throughout the southeastern United States (Genung 1972, Deen & Cuthbert 1955, Herbert 

et al., 1992, Cherry 2007). Despite its presence, it is not known to cause major economic damage 

to any crop (Willis et al., 2010b). 

The acetate lure was the most efficacious at catching M. communis compared to the 

homolog and control traps. The homolog traps were did not capture M. communis or any other 

elaterid species, with the elaterid catch in the paired control traps often outnumbering the elaterid 

catch in the butyrate or hexanoate baited pheromone traps. This result suggests that these 

pheromones are not the correct chemical blend to attract click beetles of any species in the 

agroecosystem of North Carolina. Given the efficacy of the acetate lure, it could be a powerful 

tool to develop a monitoring program for M. communis. Currently, there is no area wide program 

being used for adult M. communis detection in the eastern United States. Most of the sampling 

and monitoring efforts are focused on the larval stage because this is the life stage that causes 

direct crop injury. In North Carolina, understanding when and where adult M. communis may be 

ovipositing during the crop rotation could be a very valuable tool to predict crop damage risk 

prior to transplanting of sweetpotatoes. 

An area wide monitoring program could be conducted by establishing a network of 

pheromone baited pitfall traps throughout fields across the property of multiple growers. 
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Monitoring the traps weekly and comparing spatiotemporal trap catches will enable a more 

accurate description of how the insects are moving across the entire landscape. Knowing when 

specifically M. communis adults will be in a certain area will allow for future management 

decisions to be made more accurately. Moreover, knowing when and where M. communis will be 

present, mating, and ovipositing can facilitate more informed planting decisions for wireworm 

susceptible crops, such as sweetpotato.  

If the decision is made to plant sweetpotatoes and click beetle numbers are found to be 

high, certain preventative measures could be used in order to decrease damage risk. Such 

measures could include appropriately timed tillage to bring newly hatched wireworms to the 

surface and to allow for death from the elements and natural enemies prior to sweetpotato 

transplanting (Schepl & Paffrath 2005, Seal et al., 1992). Proper crop rotation planning could 

also aid in reducing damage risk. If the monitoring shows that M. communis presence is high, 

planting a crop that is a less preferred host plant to M. communis larvae could decrease 

wireworm density in the soil (Schepl & Paffrath 2005, Seal et al., 1992). High risk crops such as 

sweetpotato could be planted following the lower risk crop (i.e. cotton or cowpea). 

Control tactics can also be more properly timed with adult M. communis presence. It is 

known that M. communis populations peak during July, so implementing mass trapping or 

mating disruption efforts with the pheromone traps during this month could be beneficial in 

decreasing the number of active and successfully mating males and therefore decreasing the 

amount of mating and wireworm eggs laid into the soil (Sufyan et al., 201, Welter et al., 2005). 

The development of a new pheromone monitoring tool is an important step toward more 

accurate management of key wireworm species at the landscape scale. This trapping information 
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can be used to implement M. communis monitoring and infestation risk modeling into Integrated 

Pest Management (IPM) programs for sweetpotato. Given promise of this new acetate 

pheromone lure, area-wide trapping programs could be developed to learn more about infestation 

risk in space and time. Specifically, understanding which landscape composition (spatial) and 

phenological (temporal) factors drive M. communis populations would be advantageous for risk 

projections in high value root crops like sweetpotato. Together, the results of this research study 

provides a foundation for future M. communis research focused on identifying key drivers 

influencing population dynamics of this cryptic pest. 
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Tables  

Table 1: Average species catch (±SE) per trap per week among pheromone types during the 

2019 pheromone efficacy study.  

Species Acetate Butyrate Hexanoate Control 

Melanotus communis 1.01 (0.48) 0.23 (0.09) 0.14 (0.01) 0.14 (0.05) 

Conoderus scissus 0.02 (0.02) 0.03 (0.03) 0.04 (0.04) 0.03 (0.02) 

Aeolus mellillus 0 (0) 0 (0) 0 (0) 0.01 (0.01) 

Conoderus amplicollis 0.01 (0.01) 0 (0) 0 (0) 0 (0) 

Conoderus bellus 0.07 (0.05) 0.1 (0.06) 0 (0) 0.06 (0.03) 

Conoderus falli 0 (0) 0.04 (0.04) 0 (0) 0.01 (0.01) 

Conoderus lividus 0.02 (0.02) 0 (0) 0.05 (0.05) 0.03 (0.03) 

Conoderus vespertinus 0.05 (0.03) 0.03 (0.03) 0.1 (0.05) 0.03 (0.02) 

Glyphonyx bimarginatus 0 (0) 0.04 (0.04) 0 (0) 0.01 (0.01) 

 

 

 

Table 2: Average M. communis caught (±SE) per trap for each pheromone during the first eight 

weeks of sampling in the 2019 pheromone lure efficacy study. 

Site Acetate Butyrate Hexanoate Control 

Central Crops 

Research Station 0.06 (0.17) 0.5 (0.53) 0.14 (0.38) 0.19 (0.3) 

CEFS 0.06 (0.18) - - 0.06 (0.18) 

Upper Coastal Plains 

Research Station 1.00 (0.92) 0.12 (0.35) - 0.06 (0.12) 

Franklin County  0.06 (0.18) 0.14 (0.38) 0.12 (0.35) 0 (0) 

McGee’s Crossroads 3.88 (3.15) 0.14 (0.38) 0.34 (0.37) 0.14 (0.38) 
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Table 3: Individual species catch in the 2020 influence of crop type study by trap type. 

Species  Number of 

Pheromone 

Individuals 

Percent 

Pheromone 

Catch 

Number of 

Sticky Card 

Individuals 

Percent 

Sticky Card 

Catch 

Melanotus communis 307 73.98 3 0.72 

Conoderus vespertinus  0 0 12 2.89 

Aeolus mellillus 1 
0.24 

10 2.41 

Conoderus amplicollis 42 
10.1 

7 1.69 

Conoderus bellus  1 
0.24 

52 12.53 

Conoderus falli 18 4.34 33 7.95 

Conoderus lividus 22 5.30 0 0 

Conoderus scissus 16 3.86 6 1.45 

Glyphonyx 

bimarginatus  
8 1.93 292 70.36 
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Table 4: Overview of all species caught based on crop type and trap type for the 2020 influence 

of cover crop study. Percent total by trap and crop are included in parentheses. 

Species Trap Corn Cotton Sweetpotato Total 

Melanotus 

communis 
Pheromone 154 (50.2) 69 (22.5) 84 (27.4) 307 

 Sticky Card 0 (0) 3.0 (100.0) 0 (0) 3.0 

Conoderus 

vespertinus  
Pheromone 0 (0) 0 (0) 0 (0) 0 

 Sticky Card 2 (16.7) 9.0 (75.0) 1.0 (8.3) 12 

Aeolus mellillus Pheromone 1 (100.0) 0 (0) 0 (0) 1.0 

 Sticky Card 2 (20.0) 5.0 (50) 3.0 (30) 10 

Conoderus 

amplicollis  
Pheromone 13 (31.0) 6.0 (14.3) 23 (54.8) 42 

 Sticky Card 2 (28.6) 1 (14.3) 4(57.1) 7 

Conoderus bellus  Pheromone 1 (100.0) 0 (0) 0 (0) 1 

 Sticky Card 5 (9.6) 17 (32.7) 30 (57.7) 52 

Conoderus falli Pheromone 4 (22.2) 4.0 (22.2) 10 (55.6) 18 

 Sticky Card 8 (24.2) 5.0 (15.2) 20 (60.6) 33 

Conoderus lividus Pheromone 4 (18.2) 12 (54.5) 6 (27.3) 22 

 Sticky Card 0 (0) 0 (0) 0 (0) 0 

Conoderus scissus Pheromone 0 (0) 0 (0) 16 (100.0) 16 

 Sticky Card 10 (16.7) 1(16.7) 4 (66.7) 6 

Glyphonyx 

bimarginatus  
Pheromone 1 (12.5) 5 (62.5) 2 (25.0) 8 

 Sticky Card 178 (61.0) 98 (33.6) 16 (5.5) 292 
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Figures  

 

Figure 1: Three clusters sampled during the influence of crop type study. Top left panel – all 

traps placed throughout Lenoir County near Kinston, NC. Top right panel – Cluster 1. Bottom 

left panel – Cluster 2. Bottom right panel – Cluster 3.  
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Figure 2: Total Melanotus communis abundance during the 2019 and 2020 field seasons.  
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Figure 3: Difference between catch of M. communis from different crop types during the 2020 

influence of crop type study.  


