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CHAPTER 1: INTRODUCTION AND REVIEW OF LITERATURE

Thesis organization 
This thesis is organized into five chapters. Chapter 1 is a general introduction to the study and a literature review. Chapter 2 describes brown marmorated stink bug (BMSB) feeding in Tennessee field corn and its influence on mycotoxin levels. Chapter 3 analyzes BMSB feeding and mycotoxigenic fungi in a laboratory setting. Chapter 4 establishes which portions of the Mid-South experiences mycotoxigenic fungi transmission with varying stink bug species. Chapter 5 presents general conclusions for this study. This thesis was prepared according to the approval guidelines established by The University of Tennessee.

General Introduction of Halyomorpha halys, Fusarium verticilloides and Aspergillus flavus
	Halyomorpha halys. Halyomorpha halys (Stål), known as the brown marmorated stink bug (BMSB), originates from Beijing, China, and are native to China, Japan, Korea (Hoebeke, 2003; Xu et al., 2014) . BMSBs were first discovered in  Allentown, Pennsylvania in the late 1990s most likely through infested shipping containers (Hoebeke and Carter, 2003) . BMSBs belong to the family Pentatomidae (Hoffman, 1931) , in the order Hempitera. BMSBs feed on over 100 known host plants (Bergmann et al., 2024) (Rice et al., 2014) . Their polyphagous nature and destructive feeding habits combined with their ability to quickly take flight (Hoffman, 1931) makes them an economically important stink bug species in the United States. BMSBs are also a nuisance year-round due to their overwintering behavior in man-made and natural structures (Rice et al., 2014) . After exiting diapause in the spring, they often move to agricultural environments where they infest corn, cotton and soybeans.  (Lee et al., 2013; Rice et al., 2014). BMSBs are distinguished from other species of brown stink bugs in the US by the white banding on their antenna and abdominal edges (Rice et.al., 2014). The term “marmorated” describes the marbling or mottling that is present on the pronotum, scutellum, and on the hemelytra of the stink bug species (Hoebeke and Carter, 2003). 
	Fusarium verticilloides. Fusarium spp. is distributed worldwide and are adapted to a variety of differing habitats. Many live as soil borne saprophytes to break down plant residue (Ames et. al., 2003) . Fusarium verticillioides is a part of the “Fusarium fujikuroi species complex” (Omotayo & Babalola, 2023), which houses many important agricultural plant pathogens. It can be difficult to identify which pathogen in the species complex is infecting a crop, so Fusarium verticillioides is the pathogen of focus. Figure 1.1 (top) shows how Fusarium spp. can be seen in field corn with a white, starburst pattern present on the kernels. Macroscopically, Fusarium verticillioides appears light-pink to white, and the center of the fungal culture can turn a light pink-purple with age. Figure 1.2a is a microscopic view of Fusarium verticillioides.  
 	Aspergillus flavus. The Aspergillus genus is amongst a large and incredibly diverse family of fungi. Most members are distributed worldwide, but mostly occur in “subtropical and warm temperate climates” (Ames, n.d.). Generally, members of Aspergillus spp. are considered to be saprophytes and contribute to nutrient cycling via breaking down plant material. This genus of fungi houses “some of the most economically important toxigenic species” (Ames, n.d.). Due to their growing conditions being high temperatures and low moisture, they can infect a large variety of crops, but can be restricted under “favorable conditions” (Ames, n.d.). Figure 1.1 (lower) depicts what Aspergillus flavus looks like in corn ears, and similar colony morphology can be observed on fungal cultures. Figure 1.2b is a microscopic view of Aspergillus flavus.  
Figure 1.1. Fusarium verticillioides and Aspergillus flavus disease signs in Tennessee corn (2022). Characteristic white "starburst" pattern for Fusarium verticillioides infection (top box). Signature mold spores of Aspergillus flavus infection (lower box). (Crowder, A., 09 September 2022).












Biology of Brown Marmorated Stink Bugs. Adult BMSBs have a mottled connexivum, and white-striped antennae and legs. Male BMSBs have ventral pelvic claspers located on the last abdominal segment of their body, while females lack claspers. Females tend to lay eggs on the underside of leaves and other locations hidden from the harsh environment (Hoffman 1931). Freshly laid eggs are light green and turn white before hatching (Hoebeke & Carter 2003; Rice et al., 2014). BMSBs undergo five instar stages. According to WE Hoffman (1931) and KB Rice et. al. (2014), the development stage timeline for BMSBs is as follows: 1st instars - 3-6 days after egg lay, 2nd instars - 3-5 days after 1st instar molt, 3rd, 4th and 5th instars require 5-7 days between molts. First instars have black heads, red eyes, reddish-orange bodies with black markings located on the dorsally on the abdomen (Rice et al., 2014). First instars will remain on top of the eggs to consume gut-symbionts (Taylor et al., 2014). Second instars appear similarly to first instars but larger in size with white antennal portions as well as more leg development. Third, fourth and fifth instars look very similarly with pear-shape bodies with dark brown-grayish mottling, whitish abdomen, white 3rd and partial 4th antennomeres, whiteish tibial segments, and reddish-brown eyes (Hoebeke & Carter 2003). Between 3rd, 4th and 5th instars, when newly molted, instars are whitish-yellow with red features. BMSBs emerge from April to mid-June and overwinter from late August through late October (Zhang 1993). Zhang (1993) described that BMSBs can have an average lifespan of 301 days, with diapause lasting about 70 days. Before entering diapause, BMSBs can reproduce 1-2 generations per year, depending on initial egg lay and the time of year (Zhang 1993) . As found by Hoffman (1931), BMSBs can have 4-6 generations per season in the Kwangtung Province of China. In the United States, the north-eastern region can experience one generation per year, West Virginia can have 1-2 generations, and it is hypothesized that the number of generations can increase in the more southern regions of the US due to increased photoperiod length and consistently warm temperatures (Leskey et al., 2012; Nielsen & Hamilton et al., 2008; Nielsen & Hamilton et al., 2009).A.
B.
Figure 1.2. Microscopic view of Fusarium verticillioides and Aspergillus flavus colonies. A: Fusarium verticilliodes colony. B: Aspergillus flavus colony. (Crowder, A., 20 January 2023).


Biology of Fusarium verticillioides and Aspergillus flavus
	Classification and General Life Cycle. Fusarium verticillioides and Aspergillus flavus are classified in the Kingdom Fungi in the division of Ascomycota. Both pathogens undergo asexual and sexual reproduction. Ascomycetes are unique because of their “sac-like structure” (Peraza-Reyes & Berteaux-Lecellier, 2013) that holds ascospores after sexual reproduction is complete (Pöggeler, S., Nowrousian, M., Kück, U., 2006) (See Figure 1.3). Also, both pathogens are heterothallic, meaning they need a corresponding mating type to reproduce sexually and make ascospores (Blacutt et al., 2018; Payne, 2016) As detailed in The Mycota (Esser, K., 2006) , Fusarium spp. and Aspergillus spp. can reproduce asexually, and can create conidia and conidiophores via mitosis (Fischer, R., & Kües, U., 2006). Since both pathogens are considered to be saprophytic and plant pathogens, they typically release mass amounts of asexual spores into the air when environmental conditions are conducive (Fischer, R., & Kües, U., 2006). The asexual lifecycle of filamentous ascomycetes are as follows according to Scherer and Fisher (2006) and Andrianopoulos and Timberlake (1994): conidia produced from a conidiophore germinates to produce hyphae, a stalk and vesicle are formed from a foot cell, leading to the metulae, phialides and conidia to form the conidiophore once again. 
Fumonisins impact on animal, human and plant health. Fusarium verticilloides is a mycotoxigenic fungi that produces fumonisins. There are several classes of mycotoxins, but the B series of fumonisins, specifically FB1, are well-known due to frequency of occurrence, the high concentrations that are detected, and the toxicological importance in animals, humans and plants (Blacutt et al., 2018). Fusarium verticillioides (formerly F. moniliforme) infection was known to cause toxic effects on vital organs in animals when infected maize was consumed (Kriek et al., 1981). It was not until 1981 where fumonisins B1 and B2 were not only identified but were discovered to carcinogenic in animals (Gelderblom et al., 1988) Mycotoxigenic strains of F. verticillioides can also cause a variety of health problems in animals including equine leukoencephalomalacia in horses, pulmonary edema in swine, hepatatosis in sheep, cirrhosis and nephrosis in rats, and acute congestive heart failure in baboons (Kriek et al., 1981). Fumonisins are theorized to be associated with development of esophageal cancer, neural tube defects (NTDs) in infants, increased infection of human immunodeficiency virus (HIV), and childhood stunting in humans (FAO/WHO, 2012). FB1 is known to be phytotoxic to susceptible maize genotypes and primarily affect seedling disease development (Blacutt et al., 2018) . FB1 exposure can result in reduced seed emergence, decreased seedling height, and inhibits ceramide synthase (Blacutt et al., 2018) . Economic losses from Fusarium ear rot are estimated to range from US$1 – 46 million annually, but vary yearly due to environmental conditions and Fusarium ear rot outbreak severity (Wu, 2007). Because of the major health effects that fumonisin can cause in plants, animals and humans, the maximum level of the fumonisins that are allowed for human consumption is maximum 2-4 parts per million (ppm) (NGFA 2011). Figure 1.3. The sexual life cycle of a model filamentous ascomycete fungus. Image sourced from Peraza-Reyes, L., & Berteaux-Lecellier, V. (2013).


Aflatoxins impact on animal and human health.  Aspergillus flavus produces an abundance of naturally occurring mycotoxins, namely aflatoxins B1, B2, G1, and G2 with AFB1 being the most toxic and most commonly found in food products (Saha Turna et al., 2023). Kensler (2011) reported that aflatoxins were initially discovered and identified in the 1950s-1960s as the primary cause of "turkey X" sickness. “Turkey X” disease results in the illness and subsequent death of young poults that have ingested peanut meal contaminated with aflatoxin (Kensler et al., 2011). Lancaster (1961) and Sargeant (1961) later identified that aflatoxins can induce acute liver disease in ducklings and liver cancer in rats. Acute aflatoxin toxicity can result in nausea, jaundice, itching, vomiting, bleeding, abdominal pain, lethargy, edema, convulsions, coma and/or death (Dhakal et al., 2023) . Chronic aflatoxin toxicity can result in impaired growth and development, especially in children, immunosuppression, and hepatocellular carcinoma (HCC) (Dhakal et al., 2023) . Other effects of aflatoxin exposure can include higher occurrences of preterm birth and late-term abortion, hepatotoxicity, acute aflatoxicosis, acute hepatic necrosis, acute liver failure, sequalae of cirrhosis (Dhakal et al., 2023) . Economically, estimated aflatoxin losses can range from US$104.5 million – 1 billion, depending on the weather conditions for a growing season (Mitchell et al., 2016) . With aflatoxin being labeled as a carcinogen and the severe health problems that can be caused by it, the maximum level of aflatoxins allowed in milk for human consumption is 0.5 ppb and 20 ppb for food products for human consumption (NGFA 2011).   

Fusarium ear rot in Zea mays. Fusarium ear rot lifecycle can also be described in corn as depicted by the Crop Protection Network in the Ear Rots Corn Disease Management guide (2016). Overwintering Fusarium verticillioides spores survive in corn residue left behind after harvest. F. verticillioides can infect a corn plant through the roots via soilborne conidia, or through the silks by wind or insect damage. Once established, whitish-pink-purple cottony mold can appear anywhere on the corn ear and in random patterns. Infected kernels have a unique white streaked starburst pattern. Economic losses from fumonisins vary annually. According to the Crop Protection Network (2024), since 2012, the United States has lost over US$2.8 billion to Fusarium ear rot, averaging to about US$241 million per year.  

Aspergillus ear rot in Zea mays. The lifecycle of Aspergillus ear rot can be described in corn as depicted by the Crop Protection Network in the Ear Rots Corn Disease Management guide (2016). Overwintering inoculum survives in corn residue left behind after harvest and in the soil. Aspergillus spores enter corn ears through insect wounding from feeding and through corn silks via wind. From there, olive-green powdery mold forms on and between kernels while aflatoxin can accumulate in the ear. Economic losses from aflatoxins vary annually. According to the Crop Protection Network (2024), since 2012, the United States has lost over US$823 million to Aspergillus ear rot, averaging to about US$68 million per year. 

Pest Status of Brown Marmorated Stink Bugs in Tennessee
BMSB Injury to Corn. Zea mays is one of the primary field crops that BMSBs infest, specifically the R3 – R4 growth stages (Rice et al., 2014). The damage caused to field corn ears by BMSBs include, kernel discoloration, kernel shrinkage, malformed ear production, ear length reduction and aborted corn ears (Cissel et al., 2015;Rice et al., 2014). Typically, BMSBs concentrate on field edges resulting in poor crop quality and potential yield loss that may be present throughout an entire field. This is particularity evident if wooded areas are near cropland (Rice et al., 2014). 

Relationship between Brown Marmorated Stink Bugs, Fusarium verticilloides and Aspergillus flavus 
Dr. Joseph Opoku (2019) demonstrated that BMSBs can “ increase both Fusarium infection and fumonisin concentrations in field corn” (Opoku et al., 2019), however; it was not determined if Fusarium spp. was being vectored by BMSBs. The present research may determine if Fusarium verticillioides and Aspergillus flavus can be vectored by BMSB through feeding and subsequent frass production and determine how widespread this issue is in the mid-south region of the United States. The goals of this research and its findings can aid growers in making informed management decisions based on stink bug population numbers to inherently reduce mycotoxin levels in field corn. 

Objectives 
I. Establish if and how BMSBs move mycotoxigenic fungi Fusarium vertilloides and Aspergillus flavus in field corn.
II. Determine if transmission of mycotoxigenic fungi is occurring in the Mid-South region of the U.S. 
III. Verify if lab and field transmission of mycotoxigenic fungi produce similar results.
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CHAPTER 2: VECTORING OF FUSARIUM VERTICILLIOIDES AND ASPERGILLUS FLAVUS BY BROWN MARMORATED STINK BUGS IN TENNESSEE FIELD CORN

Introduction. This experiment was inspired by the previous works of Cissel (2015) and Opoku (2019). 



MATERIALS AND METHODS
Field Study 
	Study sites. This study was conducted at the University of Tennessee AgResearch and Education Center at Milan, Tennessee on three fields in 2022 and two fields in 2023. Fields within this research center undergo annual crop rotation and are grown in a no-till production system. The 2022 experiments were placed one non-irrigated field and two irrigated fields . One irrigated field did not have a sufficient number of stink bugs during the infestation period due to heat-related die-out, so it is labeled “INCOMP”. In 2023, both fields used were irrigated with one and a half fields being infested. Incompletions of infesting replications were due to specimens dying from heat stress (2022) and lack of specimens due to harsh winter conditions (2023).
	Specimen collection and containment. BMSB specimens were wild-caught for 2022 and 2023 using pheromone baited hard-stack tops. Specimens were taken into the laboratory and given a diet that consisted of green beans, carrots, sunflower seeds, Jelly Belly® jellybeans (Fairfield, California), grapes, cabbage, and broccoli with the addition of a water cup. The diet was selected to discourage the growth of Aspergillus spp. and Fusarium spp. Foodstuffs were replaced every 2-3 days. Stink bugs were allowed to feed on selected diet for a minimum of 24 hours to purge their digestive system before infestation at approximately 70°C for a photoperiod of 16:8 (L:D). Specimens were transported in insect cages in chilled, insulated coolers from the West Tennessee AgResearch and Education Center (WTREC) to the study locations 	Comment by Brown, Sebe Anthony: Need to add where Jelly Belly is head quartered.	Comment by Brown, Sebe Anthony: Need to give photoperiod and temperature you held them at
Experimental design. Randomized complete block designs were used for all field trials and years with four blocks per field and four replications per block. Four treatments of 0, 2, 4 and 6 stink bugs were used for infestation in corn for both years. Five corn ears per plot were randomly selected and caged a week prior to infestation at tassel. After one week, stink bugs were hand-transferred from insect cages to individual ear cages ==. Specimen sex was random in 2022 and separated in 2023 to encourage feeding and discourage reproducing. Stink bugs were allowed to feed for one week. After one week, number of dead stink bugs and number of egg masses present per cage were recorded and stink bug specimens were released. Cages remained on corn ears until physiological maturity. Ears were harvested with percent damage taken and any compromised ears were discarded. All plot samples were shelled and stored into -20C freezer.

Kernel Plating 
	Sampling. After corn ears were shelled, the plot sample bag was shaken to randomize the kernels. A random sample was taken from the plot sample bag and set aside for washing and plating. Each randomized plot sample was approximately 4 oz in weight. 
	Procedure. The randomized kernel sample were put into mesh draw-string sacks and submerged in deionized (DI) water for approximately 5 minutes. After the first DI water soak, the corn kernels were then moved to a 10% bleach + DI water bath for 1 minute. After 1 minute, samples were rinsed in a DI water bath, taken out of their mesh drawstring sacks to dry onto paper towels. Once dry, kernel samples were placed back into their respective 4 oz flip-top tubes until plating. Surface sterilized corn kernels were plated onto the selective medias and allowed to grow for one week. Malachite green agar (MGA) was used to select for Fusarium spp. and modified dichloran rose bengal agar (MDRB) was used to select for Aspergillus spp. Plates were put into refrigeration (approximately 4°C)  until rating. 

Envirologix Mycotoxin Quantification 
 
Sampling. Plot samples underwent representative sampling for Envirologix mycotoxin quantification. Two subsamples were taken from each plot representative sample for mycotoxin quantification.
	Procedure. Fifty grams of ground corn from the representative sample were split evenly into two air-tight containers. The representative subsamples underwent the procedures necessary to operate EnviroLogix TotalTox Comb for Bulk Grain Corn kits. 
Statistical Analysis. Data was exported and ran through Statistical Analysis System (SAS® version 9.4; SAS Institute Inc., Cary, NC). 	Comment by Brown, Sebe Anthony: Need to put what tests you ran in sas, mean separation procedures and p values. 

RESULTS
Field Study 
	Summer 2022
	Summer 2023
Kernel Plating 
	Summer 2022. 
	Summer 2023. Due to a hard freeze in December of 2022, the amount of BMSBs was severely limited compared to 2022. 

Envirologix Mycotoxin Quantification.  
	


DISCUSSION	Comment by Brown, Sebe Anthony: This is where you get to talk about the why. What did all your data mean and how does it impact corn production.
Corn ears that became contaminated any insect that could add variability to test results (such as Helicoverpa zea) were discarded. This is because Fusarium verticillioides and Aspergillus flavus can have ease of access from feeding wounds from insects outside of the study, causing an inflated concentration of mycotoxins. Another reason for discarding contaminated ears is that some of the corn-feeding insects can carry spores externally and/or internally and can be deposited onto wounded kernels, causing another source of variability. ***need source***. – . Additionally, Fusarium can infect corn ears through the silks during silking stage, so even without stinkbugs present, it can still infect corn ears. 	Comment by Brown, Sebe Anthony: This needs to be in Materials and Methods

To conclude, an increased presence of one or both pathogens truly depends on the environmental conditions. BMSBs can have a mild influence on increased pathogen presence, females being more voracious feeders than males, but that does not necessarily mean that mycotoxins will be produced by said pathogens. 
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CHAPTER 3: BROWN MARMORATED STINK BUG BIOLOGICAL ASSAY FEEDING ASSAY OF FUSARIUM VERTICILLOIDES AND ASPERGILLUS FLAVUS

INTRODUCTION



i. BMSB Collections 
ii. Biological Feeding Assays 
iii. Recovery of 
iv. Statistical Analysis 
b. Results 
c. Discussion 
d. References 

MATERIALS AND METHODS
	Specimen Collection. Bioassay stink bug specimens were collected from pheromone hardstack tops for 2022. Specimens were allowed to feed on a diet of green beans, carrots, sunflower seeds, and jellybeans for 2-4 weeks. This is to ensure that any possible plant pathogens the wild-caught stink bugs may be harboring will be defecated before bioassay initiation. For 2024, lab raised BMSBs were used to avoid any variation in pathogen presence inside the specimens. Lab raised BMSBs were purchased through the New Jersey Department of Agriculture (NJDoA). Two shipments of 150 stink bugs were received (75 females: 75 males per shipment) in late July and late August. 
	Experimental Design. Randomized complete block designs were used for both years. In 2022 the experiment contained 3 treatments, 10 specimens per treatment, replicated 5 times. Insect sex was randomly selected in 2022.  In 2024 insects were separated by sex for 3 treatments, 25 insects per treatment with 7-8 stink bugs per replication. 
	Experiment Design. All specimens were placed into a pre-surface sterilized 1.25 oz condiment cup (or feeding chamber) during each feeding phase. Each feeding chamber had 6 holes cauterized into each side to allow for air flow. Each chamber was surface sterilized before each feeding, and new feeding chambers were created and sterilized before treatments were applied. Filter papers (9.0 cm in diameter) were cut to 2.9cm diameter to fit the bottom of each feeding chamber. Filter papers were autoclaved and placed at the bottom of each feeding chamber to collect frass. Sucrose and spore suspensions were appended above each specimen using Parafilm M® (Bemis American, Neenah, WI, USA). Each feeding chamber received 3mL of treatment in 2022 and 2mL in 2024 and secured with an additional layer of Parafilm M®. Both spore suspension concentrations were determined using a hemocytometer. All feeding chambers were placed into condiment cup trays to ensure stability. Figure 3.1 shows images that demonstrate how the feeding chambers are built and set up. 


Figure 3.1. Above images depict how the brown marmorated stink bug biological feeding assay. Image A – top view of 30 feeding chambers in tray. Image B – side view of feeding chambers. Image C – individual specimen feeding chamber. Image D – brown marmorated stink bug specimen feeding on liquid diet in feeding chamber. Images taken by A. Crowder University of Tennessee. 

Biological Feeding Assay. In 2022, specimens were wild-caught in Jackson, TN and allowed to feed on a diet of green beans and sunflower seeds for a minimum of two weeks. All specimens were randomly assigned to treatments. Two feeding phases were used in 2022: purge cycle and treatment cycle. Before the purge cycle, each specimen was surface sterilized using a 1% bleach + DI water “dunk” for approximately 3 seconds before being shaken off and placed into feeding chambers. All specimens received a 20% sucrose solution dyed green using green food coloring (McCormick®, Hunt Valley, MD 2022) for one week during the “purge” phase. After one week, specimens were moved to a sterilized holding chamber while the next feeding chamber was assembled. All purge filter papers were stored into the 4°C cold storage for plating and all dead specimens were recorded. Specimens were surface sterilized again before being put into new sterilized feeding chambers with new autoclaved filter paper. Specimens were given their respective treatment (20% sucrose, Fusarium verticilloides + 20% sucrose, and Aspergillus flavus + 20% sucrose) for 2 weeks. For 2022, spore suspensions had a concentration of 106 CFU/mL. At the conclusion of the treatment feeding period, all specimens were placed into -20°C cold storage and treatment filter papers were placed into 4°C cold storage for plating. 	Comment by Brown, Sebe Anthony: Need company info 
	In 2024, specimens were purchased from NJDOAg to limit the presence of plant pathogens and other microbes that may influence the results of the feeding assay. Two rounds were conducted in 2024. Upon receiving specimens, the insects were immersed in a 10% bleach bath and placed into feeding chambers similar to 2022. Specimens were given three milliliters of liquid diet for purge and treatment cycles. The liquid diet used was previously published in Mendoza (2016) and Tibola (2021). Modifications were made from modified diet from the Tibola (2021) paper. Sunflower seeds were substituted for peanuts since peanuts are a host for Aspergillus flavus (Ames et. al., 2003). Nipagin and tetracycline was excluded overall because of its antifungal and antimicrobial properties (Mendoza et al., 2016). Due to high bacterial presence in the results from the second shipment of specimens, 0.150mg/L of streptomycin was included into liquid diet of the third round of specimens.  Tables 3.1 and 3.2 detail ingredients used in this experiment. Diet was switched out every 48 hours and leftover diet was thawed before switching. Any damaged sachets were replaced as well as filter papers to limit mold growth. The procedure for the first shipment of specimens was repeated for the second and third shipments of BMSBs.
Specimens from 2022 were placed into a growth chamber (lab C) for the duration of the experiment, specimens from the second round were placed into a Conviron (Winnipeg, Manitoba, Canada), and the last round of specimens were placed in a sunny window sill at similar conditions to those in the Convironpreviously used growth chambers. 







Table 3.1
	Liquid Diet Ingredients for Brown Marmorated Stink Bug Biological Feeding Assay

	100 grams freeze dried green beans

	35 grams sunflower seeds

	10 grams sucrose

	0.15 sorbic acid

	0.30 grams ascorbic acid

	5.0 mL vitamin solution – see Table 3.2 for ingredients

	1000 mL deionized water

	0.150 grams streptomycin salt (last round only)




Table 3.2
	Ingredients for vitamin solution for BMSB biological feeding assay liquid diet

	1.0 grams niacinamide (B3)

	1.0 grams calcium pantothenate (B5)

	0.25 grams thiamine HCl (B1)

	0.50 grams riboflavin (B2)

	0.25 grams pyridoxine HCl (B6)

	0.25 grams folic acid

	0.02 mL biotin

	1.0 grams vitamin B12

	1000 mL deionized water


	
Plating. In 2022, all purge and control filter papers were plated onto potato dextrose agar (PDA) plates with 0.150g/L of streptomycin. The same concentration of streptomycin was used for MDRB and MGA to select for Aspergillus spp. and Fusarium spp., respectively. Specimens were bisected from the head to thorax and the left side of the specimens were plated onto MGA and the right side was plated onto MDRB. Specimens and filter papers were also allowed to grow for 5-7 days. All plates were stored into 4°C cold storage until analysis. 
	In 2024, PDA+S was removed and replaced with MGA and MDRB for the control treatments for plating filter papers for both purge and treatment cycles. Once treatments were concluded, specimens were frozen at -20°C for 24 hours. After 24 hours, legs were removed and were surface sterilized with 70% ethanol via submersion. From the ventral view, the left side of the specimens were plated onto MGA and the right side were plated onto MDRB. Specimens were plated first before filter papers were plated. After 5-7 days, plates were stored into 4°C cold storage until data collection and analysis. 	Comment by Brown, Sebe Anthony: Need temp
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CHAPTER 4: MID-SOUTH STINK BUG SURVEY AND THE RECOVERY OF FUSARIUM VERTICILLOIDES AND ASPERGILLUS FLAVUS 

INTRODUCTION	
	It is understood that brown marmorated stink bugs (BMSB) are present in the majority of the United States, especially in the middle-southeastern region. BMSBs host range exceeds ### plant species,… BMSBs are regarded as one of the most aggressive stink bug species in the US. 	Comment by Brown, Sebe Anthony: Nail this down in your intro and lit review, then copy and paste it down here.

Since their initial invasion in the US, As of 20??, BMSBs have been found in ??? states (???). 

However, BMSB are not considered to be economically important in other Mid-South and Southeast states. Native stink bugs including Euschistus servus (Såy), Nezara viridula (Linnaeus) and green stink bugs are commonly found infesting corn fields outside of Tennessee. 
The concern for BMSBs amongst other stink bug species and as a crop pest in general can vary across states annually. Out of the states in which samples were received, ### states do not have steady populations or any populations of BMSBs. 

*** most prominent stink bug species***
In Mississippi… brown stink bugs, southern green, redbanded stink bugs and green stink bugs

Arkansas… same as Mississippi

Georgia… Same as Mississippi minus redbanded 

Louisiana… same as Mississippi

Alabama… same as Mississippi but include BMSB

South Carolina… same as Alabama 

North Carolina… Green, Brown and BMSB

Texas… same as Louisiana

Although the main focus of this research is to determine if BMSBs can vector plant pathogenic spores, we’re also interested if related species have the same capabilities. 

	This collaboration will aid in proving the concept of stink bugs transmitting mycotoxigenic fungi in a field setting. It will also in understanding which regions BMSBs inhabit may be under the risk of heightened, and which stink bug species may be of concern for the states we have sampled. 

MATERIALS AND METHODS
	Specimen collection. Mid-South survey collaborators were sent autoclaved filter papers in Petri dishes in the middle of the growing season (I know there are specific dates for this event) for 2022 and 2023. Seven locations were collected from in 2022 and 2023. Figure 4.1 shows county locations from each collection site. In 2022, samples were received from Barnwell County, South Carolina, Washington County, Mississippi, Autauga County, Alabama, Washington County and Yadkin County, North Carolina, Franklin Parish, Louisiana, and Worth County, Georgia. In 2023, samples were received from Barnwell County, South Carolina, Johnston County, North Carolina, Drew County and Lee County, Arkansas, Brazos County, TX, and Rapides Parish, Louisiana. 	Comment by Brown, Sebe Anthony: Need to list these 
Collaborators were asked to collect five specimens per Petri dish and to ensure that each Petri dish had the same species in them. BMSBs were requested, however any stink bug species was accepted. Upon arrival, Petri dishes that had more than one species in them were immediately discarded. Specimens were placed into a freezer held at -10°C until plating. 93 samples were received, 86 were used and 7 were discarded for 2022, and for 2023, 51 samples were received, 48 were used and 3 were discarded. 	Comment by Brown, Sebe Anthony: Need temp

Figure 4.1.



[image: ]Figure 4.1. Map of sample locations received by year. (created by mapchart.net) 


2022 locations 
Worth County, GA
Autauga County, AL
Yadkin County, NC
Franklin Parish, LA
Washington County, NC
2023 locations 
Barnwell County, SC
Johnston County, NC
Lee County, AR
Drew County, AR
Tift County, GA
Brazos County, TX
Rapides Parish, LA
	Experimental Design and Plating. For 2022, three media types were used – PDA+S, MGA+S, MDRB+S. Three plates of each media type were used to plate each sample (9 plates of media per sample). Each filter paper was cut into 12 pieces (5.30cm2 per piece) and one  piece of filter paper was randomly selected and plated onto to each Petri dish. Each plate was allowed to grow for 5-7 days before analysis. For 2023, only MGA+S and MDRB+S media types were used for all samples with three plates used per media type. Each filter paper was cut into eight pieces 7.95 cm2 per piece), one piece being randomly selected and plated, and left to incubate for 1 week.
	Recovery of Fusarium verticilloides and Aspergillus flavus. After incubation, each plate was examined to see if any Fusarium verticilloides or Aspergillus flavus growth had occurred on the filter paper piece and on the media plate. 
	 
a. Introduction 
b. Results 
i. Mid-South Survey Specimen Collection 
ii. Recovery of Fusarium verticilloides and Aspergillus flavus 
c. Discussion 
d. References 


RESULTS
DISCUSSION
REFERENCES

CHAPTER 5: SUMMARY AND CONCLUSIONS 

APPENDIX: LETTERS OF PERMISSION



















VITA
	Alexandra Nicole Crowder was born in Beaumont, TX. After graduating from high school, she attended Texas A&M University in College Station, TX where she received the degrees of Bachelor of Science in Bioenvironmental Sciences and Wildlife and Fisheries Sciences with a minor in Agronomy in May 2022. In June 2022, Alexandra began her master studies under Dr. Sebe Brown in the Department of Entomology and Plant Pathology at the University of Tennessee – Knoxville and conducted her research at the West Tennessee Research and Education Center (WTREC) in Jackson, TN. She is currently in her master’s candidacy. Her thesis research is focused on the vectoring of Fusarium verticilloides and Aspergillus flavus in brown marmorated stink bugs in corn. She is currently completing the requirements for the degree in of Masters in Entomology and Plant Pathology and plans to pursue her Doctorate of Philosophy in Plant, Insect and Microbial Sciences at the University of Missouri under the direction of Dr. Chase Floyd in Portageville, MO. 





A


B


C


D


image1.jpeg




image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.png
Postmeiotic
mitosis

Meiosis-I

Meiosi
zscusqmwkh{\ m
Karyogamy /" | |
Crozier Dikaryon |

formation
2]

Ascospore
formation

( | -
PR |
delimitation \ ‘

A [ L
I8 gV U U
Dikaryon propagatation

Ostiole
Fertilized
ascogonium

w i
|

Ji/ |

‘;;/
)

Y

%, ——
& “ascospore
discharge

@ (2 Ascospores

Y N
E—y %

Germination

Fertilization

Perithecium —
gnuelope’

o o "~ Ascogonium

. ® o

Mycelium Spermatia &
(mat-) @)

Mycelium
(mat+)




image8.jpeg
Postmeiotic
mitosis

Meiosis-I

Meiosi
zscusqmwkh{\ m
Karyogamy /" | |
Crozier Dikaryon |

formation
2]

Ascospore
formation

( | -
PR |
delimitation \ ‘

A [ L
I8 gV U U
Dikaryon propagatation

Ostiole
Fertilized
ascogonium

w i
|

Ji/ |

‘;;/
)

Y

%, ——
& “ascospore
discharge

@ (2 Ascospores

Y N
E—y %

Germination

Fertilization

Perithecium —
gnuelope’

o o "~ Ascogonium

. ® o

Mycelium Spermatia &
(mat-) @)

Mycelium
(mat+)




image13.png
S @ [ |@ CororateFactSheet: Aboutlelly X @ United States - Counties | MapCh X how to screenshot onwindows -~ X |~ how to screenshot on windows - X | +
& C O hitpsy/wwwmapchartnet/usa-counties html QA Lo Mt R - O
>

© YouTube € Spotify - Web Playe... By Subject - Articles... P Research Articles I3 my utk - Search M Inbox (3,156) - acro... & My Drive - Google..  # Google Scholar <& citation generator | Epidemiology of Afl...

Zoom
Mode

J J \‘ W 2022
s T W 2023
B 2022 82023





image9.png




image10.png




image11.png




image12.PNG
3:24 oll © @)





