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ABSTRACT 

 Food insecurity and nutrition are two of the biggest challenges facing our society. Urban 

agriculture can help address these challenges, though lack of awareness about opportunities for 

engagement and degraded soils are two barriers that could prevent people from realizing the 

benefits that these operations can provide. Soils in urban areas are often highly degraded due to 

development activities and lack the structure and microbial life needed to sustain healthy, 

productive plants. Many lifelong habits such as healthy eating and engagement in community 

gardening are best established during young adulthood. Graduate school is a particularly unique 

time period, as many students are living on their own for the first time with modest incomes and 

some have young families that are particularly vulnerable to food insecurity. Consequently, the 

first objective of this project was to identify which barriers, if any, Purdue graduate students face 

when purchasing and consuming fresh produce and participating in local urban agriculture 

initiatives as Purdue’s campus and much of the surrounding area are characterized as food deserts 

by the USDA. We also sought to determine how the COVID-19 pandemic influenced food access 

and motivations for healthy eating and community garden engagement. To answer these questions, 

we distributed a voluntary 33 question online Qualtrics® survey to all Purdue graduate students 

via mass email blast. Results indicate that many Purdue graduate students face individual and 

structural barriers to accessing fresh fruits and vegetables. International respondents, in particular, 

were particularly vulnerable to structural barriers. Not having access to a personal vehicle appears 

to be the primary predictor of who was most vulnerable, especially during the pandemic. Results 

also indicate that students are interested in participating in local urban agriculture initiatives, but 

most are unaware of their existence. Students indicated that e-mails were the best method for 

increasing awareness and engagement. The second objective of this study was to determine 

whether leaf mold compost could improve the health and productivity of degraded urban soils. In 

addition, we aimed to determine whether the leaf compost could better support a beneficial 

microbial inoculant to further enhance crop productivity, as well as the extent to which plant 

genotype moderates these beneficial plant-soil-microbial relationships. To answer these questions, 

leaf compost was obtained from a local grower and applied to experimental plots at the Purdue 

University Farm. Two tomato varieties, Wisconsin 55 and Corbarino, were inoculated with 

Trichoderma harzianum T-22 or a sterile water control, and transplanted into the field trials. 
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Survival following transplanting, vigor, disease ratings and the yield and quality of tomato fruit 

were quantified over the course of two growing seasons. Results indicated that several measures 

of soil health were significantly increased in compost-amended soils and the health and 

productivity of tomato plants greatly improved. The microbial inoculant dramatically reduced 

transplant stress, especially in Wisconsin 55. Other more subtle differences among the tomato 

varieties indicated that urban agriculture systems could be improved through varietal selection. 

These studies highlight the fact that graduate students are not immune to food insecurity and proper 

nutrition and they are interested in connecting with urban agriculture initiatives to address these 

challenges. Pairing of the two groups could prove to be a successful mutualistic symbiosis as 

graduate students provide the enthusiasm and manpower that urban gardens need while urban 

gardens offer access to low-cost fresh produce that many graduate students desire. Leaf mold 

compost can aid in these initiatives by providing a cost-effective approach to improve the health 

and productivity of urban soils and crops, while at the same time providing further benefits such 

as reduced accumulation of valuable carbon sources in municipal landfills. Results like these 

provide stark evidence that agriculture, particularly urban agriculture, can continue to improve 

access to nutritious foods through green initiatives and innovations. 
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 INTRODUCTION 

 Food insecurity rears its ugly head in most every neighborhood across the globe. 

Unfortunately, some neighborhoods experience harsher levels of it compared to others. The roots 

of food insecurity can vary greatly neighborhood-to-neighborhood. Two factors most important 

for determining food security in an area are: access to establishments that serve unhealthy, calorie-

dense foods and access to establishments that serve healthy, nutrient-dense foods. Oftentimes, the 

two factors negatively correlate. Residents of lower socioeconomic neighborhoods are particularly 

at risk for food insecurity as many of these neighborhoods are inundated with fast food restaurants 

and corner stores that serve cheap, calorie-dense foods while lacking adequate access to 

establishments that serve healthy foods (Ammerman, 2012). The proceeding thesis chapters focus 

on the latter issue: lack of access to healthy foods. The United States Department of Agriculture 

(USDA) has identified criteria concerning adequate access to nutritious foods and areas that do 

not meet these criteria are deemed “food deserts”. Unfortunately, college campuses are not 

impervious to food security issues and some are classified as food deserts. Although Purdue 

University is one of the nation’s top agricultural universities, much of its campus and surrounding 

areas fall under the category of food deserts. Many studies have been conducted to observe the 

effects that campus food deserts have on the students that attend these places of higher learning. 

However, the overwhelming majority of these studies look solely at undergraduate student 

populations. For these reasons, a survey was created to inquire the Purdue graduate student 

population about any barriers they may be forced to overcome when purchasing nutritious foods 

considering the local food landscape. Prior to the public release of the survey, the COVID-19 

pandemic forced many disruptions to the local community and questions were added that asked 

how this monumentally difficult circumstance affected food purchasing and consumption patterns. 

The survey concluded with a section of questions regarding community garden knowledge and 

participation. These were included because implementation and utilization of community gardens 

in areas lacking access to nutritious foods has proven a successful method for increasing access 

and fresh fruit and vegetable intake among residents (Barnidge et al., 2013; Claieborn 2012). Local 

community garden leaders have expressed a need for volunteers so a great opportunity could 

present itself if the majority of respondents report difficulties accessing healthy foods, but do not 

utilize the services of local community gardens. 
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 Although community gardens are trying their best to help alleviate food insecurity in some 

areas, rising demand for food in urban areas is projected to increase steadily worldwide as the 

century progresses. In addition, climate change and the depletion of soils threatens the production 

capabilities of both urban and rural farming operations. Technological innovations in the 

agricultural field have helped the human race dodge mass starvation as recently as the 20th century. 

21st agricultural innovations are needed as well, but scientists can no longer ignore the direct and 

indirect effects that these innovations will have on the environment. Two green technologies that 

show great potential to increase yields while decreasing negative environmental impacts and 

improving soil health are microbial inoculants and leaf compost soil amendments. Specifically, 

inoculants created with the species Trichoderma harzianum have shown the potential to increase 

a plant’s induced systemic resistance (ISR), thus decreasing the need for producers to purchase 

and apply potentially harmful pesticides to their crops. ISR effects by T. harzianum inoculations 

have proved successful from select genotypes in a controlled greenhouse setting, but have yielded 

unpredictable results in outdoor settings.  Because T. harzianum is a fungal species, we 

hypothesize that transforming the soil environment into one that is more conducive to fungal 

growth and survival will increase the efficacy and predictability of T. harzianum inoculations in 

the field. Leaf compost amendments were chosen to accomplish this task as leaves contain a high 

C:N ratio and fungal communities prefer to grow in high carbon environments. Leaf compost 

amendments also benefit the soil by providing organic matter, increasing water holding capacity 

and improving soil tilth while at the same time increasing crop yields (Naikwade, 2014) and 

decreasing year-to-year yield variability (Maynard and Hill, 2000). Plant health status and fruit 

yields of two genotypes of tomatoes, Corbarino and Wisconsin 55, were observed in order to 

distinguish the effect that genetics plays both from the inoculations and leaf compost amendments.  

 Agricultural innovation in the 21st century is desperately needed as producers are tasked 

with feeding more and more mouths from the fruits of plants grown in soils that have largely been 

stripped of their nutrients and microbial life on a planet whose climate is changing in dramatic 

fashion. Improving access to nutritious food for vulnerable urban communities through the use of 

microbial inoculants and leaf compost amendments on its production sites are two examples of 

how agriculturalists worldwide are planning to accomplish the prodigious tasks facing them and 

humanity as a whole. 
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 SURVEY OF PURDUE GRADUATE STUDENTS 

2.1 Introduction 

 Foods consisting of excess sodium, saturated fat, refined grains, and calories from solid 

fats and added sugars are staples of the Standard American Diet (or SAD, as it is appropriately 

named) (2015-2020 Dietary Guidelines for Americans, 2015). The increasing consumption of 

calorie-dense foods and decreasing consumption of nutrient-dense foods is an indication that the 

nation’s diet in crisis (Krebs-Smith et al., 2010).  However, many disparities exist in the overall 

quality of diets between different groups of Americans. For example, Americans of lower 

socioeconomic status tend to consume a poorer overall quality of diet than those of higher 

socioeconomic status (Appelhans et al., 2012; French et al., 2019; Pechey & Monsivais, 2016; 

Shahar et al., 2005; Wang et al., 2014). This begs the question: Why do lower socioeconomic 

groups engage in lower quality dietary habits? Could it be because individuals living in lower 

socioeconomic classes inherently make poorer health decisions? Studies do show that individuals 

hailing from lower socioeconomic groups exhibit increased levels of risky health behaviors 

(Siashpush et al., 2009; Karriker-Jaffe et al., 2013; Payne et al., 2017). However, asking the 

question “why do these individuals make poorer dietary choices?” gets more to the heart of the 

issue. Research shows time and again that many “poor or low-income residents often have fewer 

resources that promote health (e.g., full service grocery stores)” (Bell et al., 2013; Collins et al., 

2016.; Evans & Kantrowitz, 2002, Mowen, 2010).  A lack of basic access to affordable, nutrient-

dense foods that some neighborhoods experience across the United States results in what many 

experts refer to as a ‘food desert’.  Food deserts are named as such because “the search for and 

acquisition of nutritious foods is not easily accomplished”, just as in a physical desert (Rogers, 

2015). Socioeconomic status among residents appears to be a reliable predictor of food desert 

prevalence regardless of whether the environment is urban, very dense urban or rural (Dutko et al., 

2012). However, it is important to note that living in a food desert does not necessarily mean those 

living within it are deprived of access to the appropriate number of calories recommended as part 

of a healthy diet. Cheap, energy-dense foods are readily accessible in food deserts at establishments 

such as fast food restaurants or convenience stores (Ammerman, 2012). This lack of access to 

healthy foods, paired with higher costs of foods contained in a healthy diet (Kern, 2017) and 
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transportation issues among individuals living in poverty (cdc.org), begins to paint a clear picture 

that barriers to healthier foods are harder to overcome in lower socioeconomic populations.  

 Public health officials, nutrition program designers and policymakers spend an enormous 

amount of time and money trying to understand barriers that individuals face when purchasing and 

consuming healthy foods.  In 2008, Congress passed the 2008 Food, Conservation and Energy Act. 

This bill tasked the USDA with massively increasing their efforts to “assess the extent of areas in 

the United States where people have limited access to a variety of healthy and affordable food”  

( The USDA subsequently published “Access to Affordable and Nutritious Food: Measuring and 

Understanding Food Deserts and Their Consequences (ver Ploeg, 2009), which found that “23.5 

million Americans live in low-income areas that are further than 1 mile from a large grocery store 

or supermarket, and that 11.5 million of these people have low incomes themselves.”. In 2010, the 

United States government announced the inception of the Healthy Food Financing Initiative (HFFI) 

as part of the “Let’s Move!” public health campaign to help overcome this challenge. In 2019, the 

USDA estimated that 19 million people, or 6.2% of the US population, live in tracts of land that 

are low-income and low access, meaning they and are more than 1 mile (urban) or 10 miles (rural) 

from the nearest supermarket” (usda.gov). The USDA also estimated that “2.1 million households, 

or 1.8 percent of all households, are in low-income and low access census tracts, are far from a 

supermarket and do not have a vehicle” (usda.gov). The HFFI recognizes that increased access to 

grocery stores and other healthy food retailers has the potential to provide enormous economic 

benefits by creating and retaining new jobs, generating tax revenue and promoting foot traffic to 

support other stores and the local economy. Program developers for the HFFI reviewed more than 

300 cases that show increasing access to fresh and healthy foods “improves eating habits and can 

contribute to positive health outcomes, including decreased risk for obesity and diet-related 

diseases.” Results from separate studies support this comment  (Bradford et al., 2019; Michimi & 

Wimberly, 2010; Costa et al., 2019). Nevertheless, there is mounting evidence that observable 

improvements in the diets of residents are not found when solely introducing a supermarket or 

other healthy food retailer into a community.  For example, Cummins et al (2014) investigated 

fruit and vegetable intake patterns after the opening of a new supermarket in a Philadelphia food 

desert. Interestingly, the sample contained a high proportion of university students. The team of 

researchers discovered that residents exhibited only a moderately improved perception of their 

food access and only 26.7 percent of the neighborhood’s residents utilized the new supermarket as 
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their primary store. Moreover, the new supermarket did not significantly influence mean 

residential BMI or fruit and vegetable intake after six months of opening. The research project was 

part of a pilot study with a small sample size, but its results seem to contradict a widely-held belief 

that consumers will naturally increase fruit and vegetable consumption if they are granted access. 

Researchers in Illinois echoed this conclusion in their survey of a low-income, primarily minority 

neighborhood in Chicago, Illinois where they concluded that, “simply increasing availability may 

not yield beneficial change when characteristics of the shopping context are ignored” (Blitstein et 

al., 2012). One study investigating the effects of a new Pittsburgh supermarket funded by the HFFI 

even found that consumption of fruits and vegetables declined after the new supermarket opened, 

which was in congruence with a comparison neighborhood that did not receive a new supermarket 

(Dubowitz et al., 2015). One reason may be that simply changing dietary behaviors is simply very 

difficult as physiological processes like the human’s innate preference to sweet and salty foods 

and psychological processes like learned food preferences steer our natural tendencies towards 

what is most tasty, what is most convenient and what is most comfortable (LaCaille et al., 2013). 

 This newfound knowledge that better dietary outcomes aren’t always observed when a 

supermarket is introduced makes for increasingly complex circumstances when thinking of 

solutions. Even so, the situation does appear to be improving. In 2018, 11.5 percent of Americans 

experienced food insecurity at some point during the year. These numbers are lower than the 11.8 

percent of Americans that experienced food insecurity in 2017 (usda.gov). However, the recent 

COVID-19 global pandemic has caused economic problems of historical proportions in the United 

States and the extent of the pandemic’s effects on food security remain to be seen. According to 

the Bureau of Labor Statistics, total unemployment rates of Americans 16 years and over ranged 

from 3.7 percent in July 2019 to 14.7 percent in April 2020, and 10.2 percent in July 2020 (Figure 

2.1).   
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Figure 191.  Nonfarm, Seasonally Adjusted, Unemployment rate for July 2018-July 2020 

(American Bureau of Labor Statistics) 

 

 Feeding America’s “Map the Meal Gap” study estimated values for increased prevalence 

and abundance of food insecurity based on increases in unemployment and poverty rates primarily 

caused by coronavirus-response measures. This study projected food insecurity values for three 

scenarios (see Table 2.1; Figure 2.2). Scenario A represents the same changes to unemployment 

that the United States experienced one year after the Great Recession of 2008. 3.3 million 

Americans are added to the list of food-insecure individuals under this scenario. Scenario B 

represents the same changes to unemployment that the United States experienced two years after 

the Great Recessions of 2008. Around 9.9 million Americans became food-insecure at this time. 

Lastly, Scenario C represents the most severe possibility with a 7.6 percentage point increase in 

unemployment rates. At this rate of unemployment, 17.1 million Americans are added to the list 

of food-insecure individuals. 
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Table 191. Map the Meal study predicted food insecurity rates based on projected changes to 

unemployment and poverty rates (Feeding America) 

 

 

 

Figure 192. Feeding America’s Map the Meal food insecurity trends and projections based on 

projected changes to unemployment and poverty (Feeding America) 

 

 While most studies investigating food security challenges associated with food deserts and 

COVID-19 focus on low-income tracts of land, college campuses such as Purdue University could 

also be at risk. The Economic Research Service (ERS) branch of the USDA has developed a Food 

Access Research Atlas, which spatially delineates areas satisfying criteria of a food desert. The 

three main criteria are: access to sources of healthy food, individual-level resources that may affect 

accessibility, and neighborhood level-indicators of resources. Much of Purdue University’s 

campus and surrounding areas are designated food desert regions. Most of the students attending 

Purdue University’s West Lafayette campus live on or near the university. Graduate students are 
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no different as indicated by Purdue University’s “Graduate Student Housing” webpage which 

recommends Purdue Village as an on-campus housing option and Black Bird Farms II as a viable 

off-campus option. The Cottages on Lindberg are also a popular place of residence for many 

graduate students. Screenshots from the USDA’s Food Access Research Atlas (see Figure 2.3; 

Figure 2.4) indicate that these three popular student neighborhoods, Purdue Village, Black Bird 

Farms II and the Cottages on Lindberg, are all within the confines of what are considered food 

deserts.   

 

 

Figure 193. The locations of Purdue Village (purple), Black Bird Farms II (black) and the 

Cottages on Lindberg (red) on the map of low-income census tracts where a significant number 

or share of residents is more than 1 mile (urban) or 10 miles (rural) from the nearest supermarket 

(USDA) 
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Figure 194. The locations of Purdue Village (purple), Black Bird Farms II (black) and the 

Cottages on Lindberg (red) on the map of low-income census tracts where a significant number 

or share of residents is more than 1/2 mile (urban) or 10 miles (rural) from the nearest 

supermarket (USDA) 

 

 Understanding the geography of food landscapes is important because living within a food 

desert is likely to influence dietary behaviors, as supported by Albert Bandura’s social cognitive 

theory (SCT). Reciprocal determinism is the primary concept of the SCT and is defined as the 

“dynamic and reciprocal interaction of person (individual with a set of learned experiences), 

environment (external social context), and behavior (responses to stimuli to achieve goals)”. The 

SCT is unique in its focus on maintenance of a behavior, rather than solely addressing factors that 

influence initiation of a behavior. Understanding the social and geographic environment Purdue 

University graduate students find themselves interacting with is a major goal of this research 

project. However, the SCT investigates individual psychological choice as it is influenced by 

reciprocal determinism. We are interested in discovering to what degree the food landscape 

influences individual choice and behavior. Food deserts, however, are very complex and often do 

not even allow the individual to make a choice as the barriers to accessing fresh produce is too 
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large to overcome. Thus, this exploratory research endeavor is seeking to discover the extent to 

which the food landscape barriers affect individual nutritious food behaviors and whether or not 

these barriers are too large to overcome for some or all of the research participants such that their 

ability to choose has been stripped away from them. 

 Purdue University’s Dining & Culinary webpage states that, “Eating well at Purdue 

University is easy with all the nutritious foods offered both in the dining courts and in our On-the-

GO! locations on campus” (dining.purdue.edu). However, students that do not, or cannot, partake 

in these services may experience great difficulties in accessing affordable, nutrient-dense foods. 

Graduate students, in particular, make up a population that often do not enroll in campus cafeteria 

meal plans. These students rely on other modes, such as supermarkets, to purchase the food they 

consume. Prior to January of 2018, only one supermarket, Fresh City Market, existed on campus 

or was within walking distance of campus. Fresh City Market closed its doors on January 19 th, 

2018 (Suter, 2018) and no supermarkets have since opened up on or within walking distance of 

Purdue University’s campus. Progress is being made as a small-format Target retail store was 

opened in the summer of 2020 near campus on the corner of State Street and Northwestern Avenue. 

While this store is not a supermarket, the store does contain a small kiosk containing fresh fruits 

and vegetables.  

 Graduate students are a unique population that find themselves sandwiched between their 

undergraduate counterparts and professional colleagues. The challenges and responsibilities of 

simultaneously performing duties as a college student and professional-in-training can weigh 

heavily on this population. In fact, a 2018 Harvard University study found that graduate students 

experience moderate or severe symptoms of depression and anxiety at a rate more than three times 

the population average (Barreira, 2018).  Challenges graduate students face include financial 

decision-making, time constraints, marital/parental responsibilities and healthy lifestyle sacrifices. 

According to Sallie May (2017), graduate students pay for around 77 percent of their education 

with money they have earned, saved, or borrowed, while undergrads pay only 30 percent of their 

education from the same type of resources. In addition, only 15 percent of graduate students’ costs 

are covered by free financial aid, which includes grants, fellowships, scholarships, or tuition 

waivers. These account for less than half of the 35 percent that free financial aid pays for 

undergraduate costs.  This is important because financial constraints on individuals and families 

can lead to a poorer quality diet (Johns Hopkins University Bloomberg School of Public Health, 
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2007). At Purdue University, many financial benefits are available to graduate students such as 

grants, fellowships and assistantships. According to Glassdoor.com, the typical Purdue University 

graduate student receives a salary of $24,891, but this could still leave graduate students and their 

families food insecure.  To receive SNAP benefits, gross monthly income must be at or below 130 

percent of the poverty line, which for an individual with no dependents is $16,588. This amount is 

well below what the average graduate student receives, and thus, they are not eligible to receive 

SNAP benefits. Rental costs in greater Lafayette are rising rapidly. In, West Lafayette average 

monthly rent values increased 2% to $1,203 from July 2019 to July 2020 (Rent Cafe, 2020). Just 

across the river in Lafayette, where many graduate students also live, average monthly rent costs 

increased 5% to $812 in the past 12 months (Rent Cafe, 2020). In addition, the average cost of 

utilities for an apartment renter in the United States is $100-$150 (Move.org, 2020). Additional 

fees to use University facilities (~$348 per semester) are not included in tuition waiver packages. 

Books (variable) and parking permits ($100 annually for the lowest access parking permit) are also 

to be paid for by the average graduate student. In addition, graduate students are susceptible to 

negative monetary effects from changing University policies For example, Dave Bangert of the 

Lafayette Journal & Courier documented that Purdue University payroll changes during the 

summer of 2019 left many graduate students with paychecks cut by “as much as half.” The article 

is titled, “Purdue payroll changes leave grad students strapped, angry this summer.” “Transition 

pay” bonuses were paid to students as a way to ameliorate negative effects caused by paycheck 

cuts. However, these transition payments were simply portions of graduate student summer 

salaries that had to be paid back.  

 While government organizations such as the HFFI cite distance to a supermarket as the 

biggest factor affecting fruit and vegetable consumption, many studies find the issue to be much 

more complex. Economics appears to play a major role in the consumption of fruits and vegetables, 

which could leave many graduate students at a major disadvantage when purchasing healthy foods. 

One review of 27 studies throughout 10 countries revealed that healthier diets are more expensive, 

with the healthiest diets rich in fruits, vegetables, nuts and fish being $1.50 more expensive per 

day than the least expensive diets rich in processed foods, meats and refined grains (Rao et al., 

2013). The cost of healthy foods appears to have an equal, if not greater, effect on food 

consumption patterns than simply supermarket distance from their place of residence (Drewnowski, 

2012).  
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 The USDA mainly measures food insecurity rates using purely financial measures, but 

there exist many more factors that affect it (Peterson and Freidus, 2020). Many graduate students, 

especially Master’s degree seeking students, take courses while also conducting research projects 

with the intention of publishing a thesis and/or scientific articles to journals in their respective 

fields. Oftentimes, they also work as Research Assistants (RA) or Teaching Assistants (TA) to 

help mitigate the costs of graduate school.  Graduate students are older than undergraduate students, 

on average, which can greatly increase the amount of responsibilities they devote their time 

towards. The average age of a graduate student, according to the National Center for Education 

Statistics (NCES), is 32.28 years. The NCES estimates that around 38% of United States graduate 

students are married and 23% have children. Research, teaching, learning and personal 

responsibilities make for a very busy schedule. Individuals faced with greater time constraints from 

work, childcare, or commuting often turn to unhealthy convenience foods (Rahkovsky, 2018).  

Purdue University’s campus and surrounding areas’ food desert status, minimal disposable 

incomes and schedule constraints place Purdue’s graduate student population at a high risk for 

adherence to unhealthy diets, such as the Standard American Diet. 

 Aside from low access, pay and free time, transportation is another challenge facing 

students at Purdue University that may contribute to food insecurity and healthy food choices. 

According to walkscore.com, West Lafayette, Indiana has a “Walk Score” of 49, which categorizes 

the city as a “car dependent city”. Many graduate students also reside in neighboring Lafayette, 

Indiana, which has a Walk Score of only 36. This means that most errands require a car in both 

cities, which creates challenges for those that do not have access to personal vehicles. This is 

particularly problematic among the large international student population at Purdue University. As 

of Fall 2019, Purdue enrolled 4,434 international graduate students, and many of these students do 

not have access to a personal vehicle. Purdue University seeks to mitigate these negative 

consequences by utilizing the services of CityBus as its form of public transportation. Purdue 

students are granted free and unlimited access to any local CityBus route with a valid Purdue photo 

ID. CityBus contains “Campus Loops” and bus routes throughout the Lafayette and West Lafayette 

area. Public transportation offers challenges in and of itself, but the recent COVID-19 pandemic 

has created even more issues for those that rely on public transportation to get to wherever they 

purchase groceries. On Monday, March 23rd, CityBus suspended “most campus loops and 

apartment shuttles services”, wrote Jordan Burrows of local station WLFI (Burrows, 2019).  As of 
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the writing of this literature review in August 2020, Purdue has issued COVID-19-specific 

transportation guidelines, including a 50% reduced occupancy restriction and a 6 feet maintenance 

of separation while utilizing Purdue University owned  transportation. Seven bus loops (Lark & 

Alight, 23, 35, 14, 15, 17 and 28) have been suspended since Friday, May 8th until classes resume 

during the first week of the Fall 2020 semester. These routes run through residential hotspots and 

4 of them (14, 15, 17 and 28) are considered “Campus Loops.” These closures and restrictions add 

another challenge to accessing grocery stores that students, especially students without cars, face. 

Moreover, graduate students often continue to work on campus during the summer months. 

Citybus commonly reduces bus routes in the summer but this was even more challenging during 

the COVID pandemic when additional closures were put into place. Thus, international graduate 

students could be at greater risk for experiencing challenges disproportionately when purchasing 

groceries.  

 Barriers to accessing nutrient-dense fruits and vegetables are important to uncover and 

ameliorate for many reasons. One of the most important reasons is that diets during graduate school 

can have lifelong effects on the health of students, since eating patterns are often created and 

solidified during adolescence and young adulthood (Bull, 1992). Bandura’s SCT also posits that 

past experiences and current habits are important to recognize because they influence an 

individual’s “reinforcements, expectations and expectancies, all of which shape whether a person 

will engage in a specific behavior and the reasons why a person engages in a behavior” (Bandura, 

1989). Early adulthood is a key stage of life as working habits begin to form that will carry on 

throughout the work-life of individuals. Poor habits in early adulthood can easily transform into 

years of consuming a poor diet consistently exceeding the daily recommendations for sodium, 

saturated fats and added sugar, thus increasing the risk of weight gain and onset of obesity. Obesity 

increases the risk for a whole host of diseases and conditions, such as cardiovascular disease, 

diabetes, certain cancers, liver and kidney disease and sleep apnea, among others (Pi-Sunyer, 2009).  

 Poor diets can also negatively impact graduate students in the short-term. Diets high in 

sodium, fats and sugar, but low in nutrient-dense fruits and vegetables has been found to reduce 

self-control (Gailliot and Baumeister, 2018), harm mental health (Selhub, 2020) and reduce the 

chance of academic success (Reuter et al., 2020).  On the flip side, diets rich in fruits and vegetables 

increase the chance of reaping benefits both in the short- and long-term. A healthy diet can boost 

energy levels throughout the day (Breymeyer et al., 2016), increase productivity (Wurtman et al., 
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2003) and decrease the risk of incidence for many non-communicable chronic diseases (Hung et 

al., 2004). 

 The consequences of a poor diet are commonly known, just as the consequences of healthy 

dietary behaviors are known, but do college students know of these benefits? And if so, do college 

students take this knowledge into account when choosing what to eat? Understanding this is 

important in the context of this study to get a general insight into how effective a healthy food 

landscape would be at promoting healthy dietary behaviors on the individual level among college-

aged students.  Karine Côté-Boucher of the University of Montreal administered a questionnaire 

to 385 junior college students in the Quebec City area to answer these questions. The survey was 

designed to identify the determinants in the intention of young adults in postsecondary education 

institutions to eat at least five servings of fruits and vegetables per day for the following three 

months. They discovered that students with strong intentions to adhere to the recommended diet 

had a better understanding of the benefits of consuming the daily recommended amount of fruits 

and vegetables. These benefits included: fruits and vegetables help maintain good health, and fruits 

and vegetables are foods that bring pleasure by tasting good. In addition, these students had a better 

understanding of factors that assisted or inhibited their desire to consume more daily fruits and 

vegetables (Côté-Boucher, 2012). The results of this study give public health experts a better 

understanding of characteristics that lead young adults to positively change dietary patterns. These 

results also show congruence with the Theory of Planned Behavior (TPB) that states “intentions 

to perform behaviors of different kinds can be predicted with high accuracy from attitudes toward 

the behavior, subjective norms, and perceived behavioral control” (Ajzen, 1991). McDermott et al. 

(2015) concluded in a systematic literature search of 22 reports that “TPB (Theory of Planned 

Behavior) variables have medium to large associations with both intention and dietary patterns and 

may therefore provide program designers with a guide for designing effective interventions”.  

 Graduate students that do decide to include more fruits and vegetables in their diets may 

find themselves asking themselves the question: are there significant nutritional differences 

between fresh, frozen and canned produce? The question beneath that question for strapped-for-

cash graduate students may be: which form of produce offers the most nutrients for its price? The 

short answer is that nutrient losses vary depending on which nutrient is being observed. For 

example, fresh produce begins to lose vitamin C immediately after harvest and during transit. Fresh 

produce also tends to lose more vitamin C during the cooking process than canned produce does 
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(Rickman et al., 2007). However, temperature during storage, the length of blanching time, crop 

variety and grower processes can also directly influence vitamin C content” (Breene, 2007; Lee 

CY, 1976). Canned fruits and vegetables also tend to have slightly lower levels of B vitamins than 

fresh produce (Miller and Knudson, 2013). Levels of vitamin A, carotenoids, vitamin E, minerals 

and fiber are generally similar in fresh, frozen and canned produce (Miller and Knudson, 2013; 

Rickman et al., 2007). Speaking economically, one study concluded that canned foods had the 

lowest total cost per edible portion, and a lower or comparable cost-per-nutrient compared with 

fresh or frozen foods (Connell, 2012).  However, purchasing healthy canned vegetables has its 

own unique set of challenges. Registered dietitian Esther Ellis, a member of the Academy of 

Nutrition and Dietetics, recommends watching out for canned fruits and vegetables that are packed 

in syrup (added sugars) and sodium. She advises that if canned food is the only option, choose 

fruits that are packed in “water, 100 percent juice or in its own juices.” She also advises selecting 

canned vegetables labeled “no salt added” or “low sodium” (Ellis, 2020).  

 While fresh fruits and vegetables are generally considered more nutritious, consumers may 

be surprised to find out that fresh produce at the supermarket may not be as fresh or nutritious as 

they thought. Some fresh produce is picked before it is fully ripe and thus does not contain the 

maximum amount of vitamins and minerals it could have had it ripened before being harvested. 

Other products, like apples and pears, can be stored up to 12 months before appearing on 

supermarket shelves (Brown, 2017). For this and various other reasons, one famous study from 

the University of Texas by Davis et al. (2009) observed statistically reliable declines for protein, 

calcium, phosphorous, iron, riboflavin and ascorbic acid in 43 different crops from the mid-20th 

century to 2004 (Davis et al., 2009). Dr. Michelle Hauser, a clinical fellow in medicine at Harvard 

Medical School and a certified chef and nutrition educator says, “if freshly picked produce is easy 

for you to come by, then it may be slightly higher in nutrients than its frozen counterparts.” Fully 

mature, local produce consumed quickly after harvest appears to be the most sure-fire option for 

obtaining both high nutrient quantity and taste. Fully mature, local produce may be difficult to 

acquire for graduate students, especially those living in food deserts.  Fortunately, chances are that 

individuals who consume a healthy diet with a variety of fruits and vegetables in any form are 

getting the essential nutrients the human body needs for good health (Harvard Medical School 

Publishing, 2014). 
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 While canned and frozen produce do appear to provide the required amount of nutrients 

for good health, consumer demand for fresh, locally grown produce is on the rise, especially for 

younger populations (Low et al., 2015). Food deserts, by definition, lack the appropriate 

supermarket presence that may provide locally grown produce for purchase. One way to help fix 

the lack of availability of fresh produce in food desert regions has been to implement farmer’s 

markets within their borders (Franck et al., 2020). Fortunately for Purdue University students, the 

city of Lafayette, Indiana farmer’s market operates on Saturdays from 8:00-12:30 PM from May 

to October. Purdue University also hosts a farmer’s market on its campus Thursdays 11:00-2:00 

PM from May to July and Thursday 11:00-3:00 PM from August-October. Lastly, the city of West 

Lafayette offers a farmer’s market Wednesdays 3:30-7:00 PM from May-October. However, while 

these markets can lead to greater consumption of fresh fruits and vegetables in communities (Gary-

Webb, 2018; Bowling et al., 2016), they cannot be relied upon to alleviate all fresh produce 

disparities in a community (Lowery et al., 2016), specifically during the winter months. 

 Alternatively, private and public funds can invest in community gardens to help provide 

fresh, nutritious food. Community gardens have proven effective at improving the food landscape 

in neighborhoods such as Kensington of inner Phildelphia, where one local child told community 

garden workers that, “It’s easier to get a gun in our neighborhood than it is to get a salad.” 

(Claieborne, 2012). Claieborne’s “The Simple Way” network of community gardens has helped 

sprout life through the pavement that is Kensington’s once completely barren food landscape. 

Community gardens are also a promising alternative for graduate students to increase their fruit 

and vegetable consumption (Barnidge et al., 2013), while also gaining crucial exposure working 

in fruit and vegetable production. Gaining knowledge of how food is grown increases the chances 

of implementing positive nutritional behaviors (Chung et al., 2019; Kulik et al., 2019; Inghram, 

2019). Grow Local is a network of community gardens in the greater Lafayette, Indiana area that 

provides ten “sharing gardens” which are open to the public. Produce grown on these gardens is 

available to anyone to take what they need, regardless of whether they have the time to participate 

in the growing process. Grow Local provides a unique opportunity for Purdue University graduate 

students to gain hands-on food production experience, while enhancing access to fresh fruits and 

vegetables. However, garden managers have reported that they have had trouble connecting with 

Purdue students, despite the fact that they know large volumes of students are living near the 

gardens. 
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 The goal of this study was to determine if food insecurity and poor eating choices are 

indeed a problem among Purdue University’s graduate population, and if so, among which 

segments are they most problematic. We also sought to identify key factors that might be 

contributing to these challenges, and identify potential barriers preventing students from learning 

about or participating in Lafayette’s GrowLocal community garden network.  

2.2 Materials and Methods 

2.2.1 Survey 

 To our knowledge, no previous research projects have been conducted focusing solely on 

graduate students’ access to fruits and vegetables. Undoubtedly, no such study exists that focuses 

solely on the Purdue University graduate student population. Our team discovered this knowledge 

gap and conducted an initial investigation of this important topic. The purpose of this survey was 

not to quantify the abundance, breadth and depth of healthy food access that Purdue graduate 

students may face. Instead, the purpose was to investigate the existence of potential barriers Purdue 

University graduate students may face when consuming and purchasing healthy foods. These 

barriers could be individual or structural. Individual refers to barriers like taste preference and 

nutrition education that people face when deciding which foods to purchase and consume. 

Structural barriers refer to logistical elements of the food landscape that affect whether purchasing 

and consuming nutritious foods is possible, such as access or transportation. Also included is a 

section inquiring about the effects of the current COVID-19 global pandemic on food purchasing, 

preparation, and consumption attitudes and behaviors while at Purdue University. The survey 

ended with a series of questions asking Purdue graduate students about local community gardens 

as an addendum of sorts to previous data as community gardens are a known alternative solution 

for those wishing to increase fruit and vegetable access in food deserts. We wished to collect data 

in this section to: 1) understand the extent to which Purdue graduate students are cognizant of local 

community gardens, 2) raise awareness of the existence of local community garden services and 

volunteer opportunities at these gardens, and 3) discover which mediums would be optimal for 

community gardens to post opportunities when trying to reach Purdue University graduate students. 

We included these questions because community gardens are a potential option for increasing fruit 

and vegetable access to those living in food deserts, and have the potential to positively impact 
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fruit and vegetable consumption (Barnidge et al., 2013). Our results will be shared with Grow 

Local organizational leaders in neighboring Lafayette, Indiana to help them improve 

communication with Purdue students. 

 The method of gathering this information was done utilizing survey methodology. Survey 

data is a crucially important method for gathering scientific data. The United States constitution 

requires that a decennial total population sampling survey, or census, be taken to produce statistics 

on the US population. These results help the government understand the changing demographics 

of the nation and make sure that each district has the correct amount of representation in the House 

of Representatives. Survey results from major polling corporations are especially visible during 

election years, such as during the current 2020 presidential election. If political polling has taught 

the scientific world anything, it is that nothing can substitute for the real behaviors of individuals.  

This is one reason why the results of this study are not being used to generalize for the larger 

graduate student population. Polling a subset of a population can lead to predictions that prove to 

be different than when played out in the real world. This conjures up the famous image of President 

Harry S. Truman holding a copy of the Chicago Tribune newspaper on Election Day 1948. Quota 

sampling results during the 1948 election led many news outlets to believe the Republican 

candidate, Thomas E. Dewey of New York, would easily defeat Democratic incumbent, Harry S. 

Truman. The Chicago Tribune famously ran a premature headline reading “Dewey defeats Truman” 

that Harry Truman triumphantly held up after his victory. Acquiring accurate, generalizable 

information from samples of a population by mode of survey research is attainable, but much care 

must be taken during the methodology and design phase. Health organizations rely on survey data 

to gain critical needs assessments. The National Health and Nutrition Examination Survey 

(NHANES) done by the Centers for Disease Control and Prevention (CDC) is an excellent 

example of how survey work can help professionals understand the health and nutritional status of 

adults and children in the United States. Other examples include the National Health Interview 

Survey, the Medical Expenditure Panel Survey and the National Ambulatory Medical Care Survey. 

(Sakshaug and West, 2014)  

 Our survey was created and administered online. There are many advantages of a self-

administered online survey. One is that every respondent receives the same questions in the same 

manner. Researchers need not worry about interview bias or response effects due to features or 
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characteristics of the interviewer (Bernard, 2011). Another advantage is that questions can be more 

complex, as very intricate and detailed questions are oftentimes harder for respondents to follow 

in face-to-face or telephone interviews (Bernard, 2011). Anonymity also provides an advantage 

for this mode of survey. Research done by L. Peterson et al. (1996) provided evidence that 

respondents are more willing to respond truthfully to sensitive information such as premarital sex 

experiences and arrest records when completing computer-based surveys compared to pencil and 

paper-based surveys (Peterson et al., 1996). Grimm (2010) provided evidence that administering 

a Qualtrics-based survey online provides a decreased risk of responses being affected by social 

desirability bias, which is the “tendency of research subjects to give socially desirable responses 

instead of choosing responses that are reflective of their true feelings”.    Social desirability bias is 

especially important to reconcile for questions asking about fruit and vegetable consumption 

intentions, attitudes and consumption patterns (Herbert, 1995; Hebert et al., 2008). The vast 

majority of respondents have a general understanding from common wisdom and years of 

education that consuming fruits and vegetables are a part of a healthy and socially desirable diet. 

Finally, one unexpected advantage to an online-based survey is that they can be administered in a 

socially-distant fashion.  

 We had originally intended to use a stratified random sampling for our survey. This would 

have involved attending many random seminars across campus and asking permission to use ~10 

minutes prior to the start of the seminar to ask students to fill out the survey via phone or laptop. 

In this way, we would help ensure that graduate students from most, if not all, departments would 

fill out the survey and have their voices heard. Unfortunately, our team was required to adapt as 

the World Health Organization declared COVID-19 a global pandemic on Wednesday, March 11th, 

2020. Many organizations, companies and governments enacted mandates to reduce exposure time 

to others while in public. Many colleges and universities, including Purdue University, closed their 

doors and sent students home during the spring 2020 semester. Consequently, rather than utilizing 

stratified random sampling, we chose to use a form of purposive sampling known as “total 

population sampling.” Total population sampling has the advantage of reducing the risk of 

“missing possible insight from members that are not included” (dissertation.laerd.org). For 

example, significant biasing could occur were we to only sample students working in the fields of 

study associated with health, nutrition and food systems. There is a chance that these students care 
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more about the topic of fruit and vegetable access and consumption compared to the average 

Purdue University graduate student. However, every human needs to eat to sustain life and every 

graduate student has their own unique experiences with accessing fruits and vegetables while 

attending Purdue University. Therefore, a total sampling method was chosen. Statistical 

generalizations cannot be made about the target population when using purposive sampling 

methods, but analytical generalizations may be made (Laerd Dissertation, n.d.). This is in 

accordance with the goals and aims of this survey. We chose to contact the Purdue Graduate School 

office and inquire about the possibility of sending a mass email to every Master’s and PhD student 

on their enrollment list.  The Graduate School agreed once all Institutional Review Board (IRB) 

requirements had been accounted for. IRB requirements were satisfied and all graduate students 

were reached via email sent from the Graduate School to every Purdue University graduate student 

on the morning of Wednesday, May 20th, 2020.   

 Respondents were allowed to maintain a level of anonymity while completing the survey. 

Our survey did not ask for names or home addresses of respondents. The survey did, however, ask 

for certain demographic information. This included: Sex, Master’s or PhD student, citizenship 

status, graduate program, work/school responsibilities (teach and/or take classes and/or conduct 

research), primary mode of transportation, financial status and general location of primary living 

space in relation to Purdue University’s campus (On campus, off campus within a 5 minute drive 

or off campus with a 5+ minute drive). Ascertaining generalized financial status was accomplished 

with the help of anthropologist Andrew Flachs of Purdue University.  Question 7 was written to 

accomplish this task: “Which option best describes who pays your cell phone bill? (Check all that 

apply)”. The choices were: Myself, parents, other family member, spouse, friend and I do not own 

a cell phone. Revealing financial information is often a sensitive ask for individuals, but creative 

measures can be taken to gain truthful responses (Duncan, 2001).   

 Understanding who took the survey and how they might represent a specific subset of the 

graduate student population is important to distinguish before conducting further demographic 

tests. For example, it is necessary to know if survey respondents represented a subset more 

interested in nutrition and food security as this would provide more evidence that diets lacking in 

fruits and vegetables are more likely to be from lack of access due to a poor food landscape rather 

than lack of desire or interest. In fact, this is what we discovered by examining the 5% of graduate 
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students that took our survey. This group of Purdue graduate students represented a subset likely 

more interested in nutrition than the average graduate student as indicated by their willingness to 

take a survey on the topic of access to nutritious foods. 24 hour dietary recall data also provides 

evidence of this through the observation that they consumed fruits and vegetables at rates much 

higher than national averages. Not only was this subset more engaged with nutrition than the 

average graduate student, this subset was also more enthusiastic and passionate about pushing for 

positive change when it comes to  nutrition and food security compared to their fellow graduate 

students. Because this subset was an enthusiastic, engaged subset, their responses should be 

understood within that context. Responses coming from this subset are likely biased toward seeing 

the negative aspects of the food landscape more than the average graduate student who may not 

care or may not be affected by the lack of access to nutritious foods. In this way, they are a better 

gauge of the food landscape in terms of nutritious food access compared to, say, a student who 

continually eats poorly at SAD food establishments and has no desire to change or seek out places 

that sell fresh fruits and vegetables. Nonetheless, the graduate students who did not take the survey 

would have provided useful data and because we missed them we missed the data they could have 

provided. Less enthusiastic, less engaged graduate students could provide a clearer picture of 

where the average lies in terms of fruit and vegetable consumption patterns, what drives them to 

purchase fruit and vegetable when they do and what the overall level of demand is for increasing 

access to establishments that sell fruits and vegetables. Understanding the motivations and barriers 

that these graduate students face provides rich insight that public health professionals and city 

legislators could use to implement effective strategies that target specific barriers that stand in the 

way of less enthusiastic populations.  

 Once we gained a better understanding of the subset that took our survey, we ran statistical 

analyses comparing responses of subgroups within the Purdue University graduate student 

population. These statistical comparisons can shed light on disparities of food access and 

consumption patterns between certain demographic groups within the aforementioned subset of 

the Purdue graduate student population.  

 First and foremost, we sought to discover difficulties that Purdue graduate students faced 

when purchasing and consuming nutritious foods. Analysis of survey data paired with 

demographic data was used to understand differentiations in difficulties on the individual level and 
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the structural level. Perhaps individual-driven variables, such as the cost of a healthy diet or time 

commitment it takes to prepare a healthy diet are reasons why individuals may choose not to 

engage in healthy dietary behaviors. Structurally, poor transportation and lack of access to 

nutritious foods could be to blame for many students’ poor dietary habits. In this way, responses 

given by graduate students will give us a firsthand account of whether perceived barriers to a 

healthy diet are primarily from individual choice or from structural defects in the local food 

landscape. 

 Another question we wanted to investigate was how many servings of fruits and vegetables 

are Purdue graduate students roughly consuming daily? The 24 hour recall is a commonly utilized 

method to collect information from respondents of the types and quantities of foods consumed in 

the past 24 hours. Our decisions to use this as our method of collecting fruit and vegetable 

consumption data was largely based on the fact that 24 hour recalls are commonly used in larger 

population studies (Tucker, K.L., 2007). Our target population of around 10,000 people is not large 

when compared to national-level consumption surveys. However, we are employing a total 

population sampling method and 24 hour recalls “provide detail on foods consumed at the 

population level” (Tucker, K.L., 2007). This method does have its drawbacks as many studies find 

that individuals, especially women and people with increased body weights, often underreport and 

underestimate portion sizes and servings (Tucker, K.L., 2007; Young and Nestle, 2008;  Kye et 

al., 2014). Another limitation of this recall method is that it only represents one day in the life of 

the graduate student. Food consumption patterns change on a day-to-day basis. The COVID-19 

pandemic caused reductions in supermarket hours, cancellations to public transportation routes 

and has created an unusual epoch that likely skewed the food consumption patterns we found. One 

potential advantage gained from conducting this research during these extraordinary circumstances 

is that our data has the potential to be used as a comparison were another researcher to collect data 

on the same population during non-pandemic periods of time. The purpose of employing the 24 

hour recalls was not to split hairs about specific numerical values on the consumption of fruits and 

vegetables by Purdue University graduate students. Instead, the purpose of the 24 hour recalls was 

to gain a general idea of consumption patterns among those that chose to participate.  

 The next piece of information desired was: where are Purdue graduate students purchasing 

their fresh produce? Understanding where Purdue University graduate students purchase fresh 
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produce is important because it gives our team a general idea of the most popular grocery stores 

in the area. We chose to ask about fresh produce specifically because consumer preferences for 

fresh fruits and vegetables continue to rise, especially during the current COVID-19 global 

pandemic (Blue Book Services, 2020). Fresh produce can also be obtained from locally grown 

sources like farmer’s markets and community gardens, so these results will give us an initial 

understanding of the utilization of these services to obtain fruits and vegetables. This also gives us 

insight into potential increasing demand among this population for locally grown produce. 

Responses to these questions, in conjunction with responses to proceeding questions, have the 

potential to give insight into the role that fresh produce plays in the diets of Purdue University 

graduate students. 

 Questions 15, 16 and 17 were designed to help answer two very important research 

questions. The principles of the TPB elucidate the importance of understanding an individual’s 

motivations when attempting to understand “considerable variance in actual behavior” (Azjen, 

1991). The principles of the SCT describes the reciprocal deterministic relationship individuals 

experience with other people, their environment and their behavior. With these two theories in 

mind, we created questions 15, 16 and 17 to better understand what motivates students to purchase, 

or not purchase, nutritious foods, and what are the perceived barriers to including fresh produce in 

the diets of these students?  

 The COVID-19 global pandemic prompted our research team to include questions 

dedicated to understanding the effects of food access that graduate students had experienced, and 

were experiencing now as a result of the pandemic. It is vitally important to understand the context 

within which the respondents took the survey. The World Health Organization declared COVID-

19 a global pandemic on Wednesday, March 11th, 2020. CityBus, the local bus system suspended 

“most campus loops and apartment shuttles services” on Monday, March 23rd, 2020. CityBus 

began running operations again in limited capacity beginning in April 2020 (Burrows, 2020). The 

survey was open from Wednesday, May 20th, 2020 to Tuesday, June 30th, 2020. This section was 

designed to provide information for the following research questions: 

 How has the COVID-19 pandemic affected overall food purchasing and preparation 

habits? 
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 Has the COVID-19 pandemic made any of the following factors more or less important 

when obtaining groceries?  

o Taste, Freshness, Price, Nutrition, Convenience/Easily Prepared, Food Safety 

 Has the COVID-19 pandemic catalyzed permanent change to future grocery purchasing 

methods? 

 How has the COVID-19 pandemic affected overall fruit and vegetable consumption 

patterns? 

 How has the COVID-19 pandemic affected volunteering needs and safety? 

 The final section of the survey sought to gain knowledge on the following questions 

regarding Purdue University graduate students and community gardens: 

 What are Purdue University graduate students’ general knowledge and attitudes regarding 

community gardens in the area? 

 Do Purdue University graduate students volunteer at local community gardens? How often? 

 What motivates Purdue graduate students to volunteer at local community gardens? 

 Do Purdue graduate students have any interest in ever volunteering at a local community 

garden? 

 What medium should community gardens use to best transmit volunteer opportunities to 

Purdue University graduate students? 

 .  The 33-question survey we conducted included 16 single answer multiple-choice 

questions, 4 multiple answer multiple-choice questions, 7 Likert matrix table questions and 6 open-

ended text entry questions. Qualitative and quantitative data was collected from the survey, but all 

questions were analyzed quantitatively. However, there are advantages to obtaining data 

qualitatively, even though it is more difficult to quantify compared to quantitative data. Qualitative 

research provides a “rich, contextualized understanding of some aspect of human experience 

through the intensive study of particular cases” (Polit, 2010). We sought information in the words 

of graduate students themselves on the subjects of fresh produce consumption motivations, 

perceived barriers to nutritious foods and the effects of the COVID-19 pandemic on food 

purchasing and consumption patterns. 
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 This research project underwent a pretest once a complete draft of the survey was finished. 

Pretests are a necessary step in the process of developing a valid and reliable social science 

research survey because they allow respondents to provide feedback on various facets of the survey 

(Converse and Presser 1986). Feedback includes: relevant, comprehensive and mutually exclusive 

response options and clearly articulated questions. Pretesting allows the researcher to address any 

issues that obstruct the respondent from interpreting the survey in the same manner as the 

researcher (Converse and Presser 1986).  Fellow members of Lori Hoagland’s Agroecology Lab, 

who were also graduate students at the time of pretesting, volunteered to perform pretesting duties. 

This sample of respondents was chosen because they were members of the target population for 

the survey and could provide tailored feedback for the final draft. Geographical convenience was 

also factored into the decision to choose these respondents as face-to-face feedback was possible 

once respondents had completed the survey. 

 Feedback gathered from pretesting was evaluated and questions were edited to address 

troubled areas where reorganization and rephrasing were needed. The final draft of the survey was 

completed once this editing was complete. IRB approval for the final draft and its protocol was 

granted in early May. The full survey can be found in appendix A. Through coordination with 

Purdue University’s Graduate School, the survey was sent via email. Unfortunately, the IRB’s 

required information sheet was not attached to the primary email sent to the target population. The 

information sheet is required to be attached to the survey invitation as a way to inform respondents 

about what the respondent’s responsibilities are should they choose to participate, what the 

potential benefits and risks are if they participate, what rights they have and contact information 

should they have any questions. The IRB information sheet is essential and acts as an alternative 

method for informed consent because receiving a signature from every respondent is not feasible 

in this case, especially during pandemic circumstances. Consequently, a subsequent email was sent 

with the appropriate IRB-mandated information sheet. Figure 2.5 is a screenshot of the second 

email sent on the afternoon of Wednesday, May 20th, 2020 to every member of the Purdue 

University graduate student population. 
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. 

 

Figure 195. Screenshot of the second email sent to all Purdue University graduate students, 

which includes an explanation of the IRB information sheet’s absence from the first email 

2.2.2 Survey Respondents 

 All Purdue University-West Lafayette Main Campus graduate students were eligible to 

complete the survey. Enrollment for the spring 2020 semester was 9,529 students and the 

demographics of this population breaks down into the following major categories:  
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Table 192. Purdue University graduate student demographics for gender, degree type and 

domestic or international status based on spring 2020 data 

Sex 

Men Women 

5,576 (58.5%) 3,953 (41.5%) 

  

Type of Degree 

Doctoral Students Master’s Students 

4,690 (49.2%) 4,382 (46.0%) 

  

Domestic & International 

Domestic International 

5,343 (56.1%) 4,186 (43.9%) 

2.2.3 Qualtrics® survey instrument 

 By choice and necessity due to the COVID-19 pandemic, our team decided to solely rely 

on an online survey for this research project. The survey, entitled “Purdue Graduate Students' Fresh 

Produce Consumption in the Food Desert”, was developed and conducted at Purdue University-

West Lafayette Main Campus using the services of Qualtrics®. Qualtrics® is a web-based survey 

creation, collection, and analysis software tool. Its software can be used for the creation of open 

surveys, targeted (panel) surveys, and open polling. Purdue University has a Qualtrics® license 

allowing faculty and staff direct access to Qualtrics® for university-related activities. 

 Inductive coding was used to analyze data from open-ended questions. This form of coding 

is also called open coding. Inductive coding starts from scratch and creates codes based on the 

qualitative data itself. No set codebook exists prior to analysis; all codes arise directly from the 

survey responses (Medelyan, 2020). Within inductive coding, flat coding was used a frame that 

assigns the same level of specificity and importance to each code. While this might feel like an 

easier and faster method for manual coding, it can be difficult to organize and navigate the themes 

and concepts as you create more and more codes. Figuring out which themes are most important 

can be more difficult, which can slow down decision making (Medelyan, 2020). Macqueen (1998) 

stated “With brief responses to open-ended questions on standardized surveys there is generally 
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little need to develop structural codes because the data is pre-structured by question and participant. 

Here the goal is to code the text in such a way that the information can be combined meaningfully 

with a quantitative database. The codes are used primarily to signal the presence or absence of 

particular pieces of information”. Analyzing Likert data was also crucial to gain useful data. Likert 

modeling as ordinal can sometimes lead to more accurate parameter estimates, but as the number 

of responses increases (up to 6 he argues), continuous modeling will also work (Green, 2020).  

2.2.4 Statistical Analyses 

 Data collection for multiple choice, Likert-style questions and open-ended responses were 

quantified using Qualtrics®-made reports and the coding software R. R is a language and 

environment for statistical computing and graphics. Open-ended responses from questions 16, 17 

and 18 were categorized and quantified by the primary researcher, Kyle Richardville. Question 16 

(“I include fresh produce in my diet because”) coded response variables were grouped in such a 

way that we could investigate the main reasons why survey participants consumed fresh produce. 

Examples include: because it is healthy or because it is tasty. Question 17 (“Is fresh produce 

difficult to include in your diet? (If yes, please explain why. If no, please write "No.")) coded 

response variables were grouped in such a way that we could investigate whether the majority of 

perceived barriers were internally or externally driven. Question 18 (“How has the recent 

coronavirus epidemic affected food purchasing and preparation habits?”) coded response variables 

were grouped in such a way that we could investigate how the COVID-19 pandemic affected 

individual choice, as well as how it affected the structure of the food landscape. These give us a 

good insight into the resiliency of the local food landscape to stressful conditions. Responses to 

these questions were categorized, coded and entered into a Microsoft Excel spreadsheet as 

dichotomous (binary) responses where a response containing the variable received a “1” and 

responses that did not contain the variable were given a “0”. Mr. Richardville’s quantifications of 

the results were compared against another researchers’ categorizations of open-ended results to 

ensure intercoder reliability. Intercoder reliability tests were done to ensure that interpretation of 

the open-ended responses by Mr. Richardville was statistically objective and valid. The equation 

used to ensure reliability was taken from the Sage encyclopedia of communication research 

methods (Allen, 2017). The equation is: 
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 Intercoder reliability = 2 * M / (N1 + N2) 

o “M” – Total number of decisions that the two coders agree on 

o “N1” Number of decisions made by Coder 1 

o “N2” – Number of decisions made by Coder 2 

 Upon reviewing intercoder reliability tests, objectivity and validity of open-ended response 

categorizations was achieved when intercoder reliability scores of 0.7 or above were reached 

(Allen, 2017). All of the open-ended results presented in the proceeding sections received scores 

of 0.7 or above. 

 Once intercoder reliability test results supported the validity of open-ended response 

interpretations, R was utilized for statistical analyses of all data. The data was analyzed by the 

Kruskal-Wallis test. The Kruskal-Wallis test, or one-way ANOVA on ranks, is a common non-

parametric method for testing whether samples originate from the same distribution. (Kruskal & 

Wallis, 1952). This test is used to compare two or more independent samples of equal or different 

sample sizes and it indicates whether at least one sample is stochastically dominant over the other. 

The Kruskal-Wallis test is utilized for non-normally distributed data. Normality was tested using 

the Shapiro-Wilk test. It was determined that data for our survey were non-normal after being 

analyzed by the Shapiro-Wilk test. Thus, the Kruskal-Wallis test was utilized to compare results 

for the following groups: 

 Male vs Female students 

 PhD vs Master’s degree seeking students 

 American vs International students 

 Citizen of a developing nation vs Citizen of a non-developing nation (*Developing 

nations categorized by the UN’s “country classifications”) 

 Work/School Responsibilities (Check all that apply) 

o Research/Lab work 

o Classes 

o Teaching 

 Primary transportation status 

o Personal Vehicle 

o Public Transportation 
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o Reliant on friends and family 

o Ride-sharing companies such as Uber or Lyft 

o Walking, biking, skateboard or scooter 

 Financial status (Based on who pays their cell phone bill) 

 Primary place of residence 

o On campus 

o Off campus within a 5 minute drive of campus 

o Off campus within a 5+ minute drive of campus 

2.3 Results 

2.3.1 Demographics 

 A total of 480 (5.0%) out of 9,529 eligible Purdue University graduate students responded 

to the survey (Table 2.3).  
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Table 193. Demographics of survey respondents 

 Demographic Frequency Percentage Actual 

Sex 

Female 247 51.5% 41.5% 

Male 221 46.0% 58.5% 

Prefer Not to Answer 12 2.5% N/A 

     

Degree 
PhD 347 72.3% 49.2% 

Master's 133 27.7% 46.0% 

     

College 

Engineering 171 35.6% 36.3% 

Science 103 21.5% 13.7% 

Agriculture 62 12.9% 6.4% 

Liberal Arts 36 7.5% 10.4% 

Health & Human Sciences 32 6.7% 6.5% 

Education 23 4.8% 8.4% 

Management 22 4.6% 6.6% 

Polytechnic 11 2.3% 7.8% 

Pharmacy 9 1.9% 1.4% 

Veterinary 9 1.9% 1.1% 

Interdisciplinary 2 0.4% 0.6% 

     

Citizenship 
USA 284 59.2% 56.1% 

International 196 40.8% 43.9% 

     

Developing 

Nation 

Citizenship 

No 356 74.2% N/A 

Yes 124 25.8% 
N/A 

     

Residence 

Off campus with a 5+ minute drive to 

campus 275 57.4% 
N/A 

Off campus within a 5 minute drive 

of campus 148 30.9% 
N/A 

On campus 56 11.7% N/A 

     

Work 

Responsibilities 

Research/Lab work only 179 37.4% N/A 

Research/Lab work + Classes 110 23.0% N/A 

Classes only 60 12.5% N/A 

Research/Lab work + Classes + 

Teaching 60 12.5% 
N/A 

Research/Lab work + Teaching 40 8.4% N/A 

Classes + Teaching 23 4.8% N/A 

Teaching only 7 1.5% N/A 
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Table 2.3 continued 

 

 

Transportation 

I drive my own personal vehicle while 

at Purdue 294 61.3% 
N/A 

I rely on public transportation to get to 

places 99 20.6% 
N/A 

I mainly get around by walking, bike, 

skateboard, or scooter 66 13.8% 
N/A 

I rely on friends and family to drive 

me around to places 19 4.0% 
N/A 

I rely on ride-sharing companies like 

Uber to get to places 2 0.4% 
N/A 

     

Financial 

Status (Who 

pays cell phone 

bill?) 

Myself 307 64.1% N/A 

Parents 114 23.8% N/A 

Myself + Parents 21 4.4% N/A 

Myself + Spouse 13 2.7% N/A 

Spouse 10 2.1% N/A 

Other Family Members 7 1.5% N/A 

Myself + Other Family Members 3 0.6% N/A 

I do not own a cell phone 1 0.2% N/A 

Parents + Other Family Members 1 0.2% N/A 

Parents + Spouse 1 0.2% N/A 

Myself + Parents + Spouse 1 0.2% N/A 

Friend 0 0.0% N/A 

Myself + Friend 0 0.0% N/A 

  

 There appear to be two categories where responses were noticeably different from the 

between the demographics of graduate students at Purdue University. Females comprised over half 

of the respondents for our survey even though 58.5% of the actual graduate student population are 

male.  In addition, PhD student survey respondents outnumbered Master’s student respondents by 

almost 3:1 even though 49.2% of the actual Purdue University graduate student population are 

classified by the university as seeking Doctoral seeking.  
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2.3.2 Overall Respondent Results 

Fruit and Vegetable Consumption 

 Survey respondents were asked to provide 24-hour recall information for both fruits and 

vegetables of any kind (fresh, frozen or canned). The mean number of reported servings of fruits 

was 6.9 servings/day-1 and the mean number of reported servings of vegetables was 7.6 

servings/day-1.  The World Health Organization (WHO) recommends that individuals consume at 

least 5 servings/day-1 for fruits and 5 servings/day-1 for vegetables. Only 29 (7%) respondents 

reported consuming less than 5 servings/day-1 of fruits and 30 (7%) reported the same for 

vegetables.  

Major fresh produce consumption location 

 421 Purdue graduate student participants responded to this question. Of the 421, 416 

(98.8%) reported the supermarket as their primary fresh produce consumption location. 

Convenient stores (.5%), food pantries (0.2%), personal garden/local farmer (0.2%), and 

restaurants (0.2%) also received responses. 

Major Location for Produce Used for Cooking and Eating at Home  

 422 Purdue graduate student participants responded to this question. Of the 422, 146 

(34.6%) said Payless, followed by 115 (27.2%) for Walmart, 51 (12.1%) for Meijer, 44 (10.4%) 

for Aldi, 36 (8.5%) for Fresh Thyme, 6 (1.4%) for Purdue’s ACE Food Pantry, and 3 (0.7%) for 

local farmer’s markets. 13 other locations and/or online delivery services, such as Imperfect Foods, 

received 4 or fewer votes. 

Important factors when purchasing fresh produce: Taste 

 419 Purdue graduate student participants responded to this Likert-style question. Of the 

419, 250 (59.7%) reported taste as a “Very Important” factor, 130 (31.0%) reported taste as 

“Slightly Important”, 26 (6.2%) “Neither Important nor Unimportant”, 9 (2.1%) “Slightly 

Unimportant”, and 4 (0.9%) “Very unimportant”.  
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Important factors when purchasing fresh produce: Freshness 

 418 Purdue graduate student participants responded to this Likert-style question. Of the 

418, 290 (69.4%) reported freshness as a “Very Important” factor, 114 (27.3%) reported taste as 

“Slightly Important”, 10 (2.4%) “Neither Important nor Unimportant”, 3 (0.7%) “Slightly 

Unimportant”, and 1 (0.2%) “Very unimportant”.  

Important factors when purchasing fresh produce: Low Price 

 417 Purdue graduate student participants responded to this Likert-style question. Of the 

417, 190 (45.6%) reported low price as a “Slightly Important” factor, 149 (35.7%) reported taste 

as “Very Important”, 46 (11.0%) “Neither Important nor Unimportant”, 26 (6.2%) “Slightly 

Unimportant”, and 6 (1.4%) “Very unimportant”.  

Important factors when purchasing fresh produce: High Price Ensuring Premium Quality 

 418 Purdue graduate student participants responded to this Likert-style question. Of the 

418, 115 (27.5%) reported high price ensuring premium quality as “Neither Important nor 

Unimportant” factor, 107 (25.6%) reported taste as “Very Unimportant”. 102 (24.4%) “Slightly 

Important”, 51 (12.2%) “Slightly Important”, and 43 (10.3%) “Very Important”.  

Important factors when purchasing fresh produce: Nutrition 

 416 Purdue graduate student participants responded to this Likert-style question. Of the 

416, 183 (44.0%) reported nutrition as “Slightly Important” factor, 165 (39.7%) reported nutrition 

as “Very Important”, 47 (11.3%) “Neither Important nor Unimportant”, 18 (4.3%) “Slightly 

Unimportant”, and 3 (0.7%) “Very Unimportant”.  

Important factors when purchasing fresh produce: Convenience/Easily prepared 

 419 Purdue graduate student participants responded to this Likert-style question. Of the 

419, 164 (39.1%) reported convenience/easy preparation as a “Slightly Important” factor, 117 

(27.9%) reported taste as “Very Important”. 82 (19.6%) “Neither Important nor Unimportant”, 35 

(8.4%) “Slightly Unimportant”, and 21 (5.0%) “Very Unimportant”.  
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Important factors when purchasing fresh produce: Food Safety 

 419 Purdue graduate student participants responded to this Likert-style question. Of the 

419, 189 (45.1%) reported food safety as “Very Important” factor, 116 (27.7%) reported taste as 

“Slightly Important”, 79 (18.9%) “Neither Important nor Unimportant”, 23 (5.5%) “Slightly 

Unimportant”, and 12 (2.9%) “Very Unimportant”.  

I include fresh produce in my diet because: 

 This open-ended question asked respondents to list reasons why they include fresh produce 

in their diets. 285 (75.0%) of responses listed the health benefits of fresh produce as a reason. 119 

(31.3%) responses detailed the tastiness of fresh produce, 35 (9.2%) said it makes them feel better 

and/or energized, 17 (4.5%) appreciate its utilization when cooking, 13 (3.4%) mentioned their 

vegan or vegetarian lifestyle, 13 (3.4%) specifically prefer fresh produce to canned/frozen produce, 

11 (2.9%) cited consuming fresh produce as a lifelong habit formed during childhood due to 

familial or cultural influences, and 9 (2.4%) say fresh produce is cheap. Other answers received 6 

or fewer responses. 

Is fresh produce difficult to include in your diet? 

 This open ended-question asked respondents whether there were difficult barriers to 

overcome when including fresh produce in their diets. Out of 396 responses, 241 (60.8%) of 

students responded with some variation of “no, including fresh produce in my diet is not difficult.” 

39 (9.8%) students said that fresh produce’s short shelf life makes these products difficult to 

include in their diets. 38 (9.6%) students feel that there are low levels of access to healthy options 

on or near Purdue University’s campus.  37 (9.3%) students mentioned that the cost of fresh 

produce as prohibitive and 37(9.3%) responses contained rhetoric that the extra time and effort 

that fresh produce requires as a difficulty. 17 (4.3%) students cited transportation as a reason that 

fresh produce is difficult to include in their diet and 17 (4.3%) students cited the current COVID-

19 as a barrier to overcome. 11 (2.8%) students do not like the taste and/or prefer other foods to 

fresh produce and 9 (2.3%) said that they do not have the proper knowledge to cook and make 

dishes with fresh produce. Medical conditions, living on the road, not being filling enough and 

little kitchen space to hold them all received two or fewer responses.  
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How has the recent coronavirus epidemic affected food purchasing and preparation habits? 

 This open-ended question asked respondents to describe ways in which the recent COVID-

19 pandemic has affected food purchasing and preparation habits. Out of 607 listed effects, “Less 

trips to the store” was mentioned 125 times (20.6%), followed by “Harder to access fresh produce” 

(69 times, 11.4%), “Not much” (66 times, 10.9%), “Eat at home more” (50 times, 8.2%) and “Run 

out of fresh produce/Fresh produce spoils before return trip to the store due to less frequent trips” 

(40 times, 6.6%).  

How has the coronavirus pandemic affected the importance of taste when obtaining groceries? 

 406 Purdue graduate student participants responded to this Likert-style question asking 

about the influence that the recent coronavirus global pandemic has had on the importance of taste 

when purchasing fresh produce. Of the 406, 292 (71.9%) reported “Just the Same”, 82 (20.2%) 

reported taste as “Less Important”.  20 (4.9%) “More Important”, 12 (3.0%) “Isn’t and never has 

been an Important Factor”. 

How has the coronavirus pandemic affected the importance of freshness when obtaining 

groceries? 

 407 Purdue graduate student participants responded to this Likert-style question.  Of the 

407, 264 (64.9%) reported “Just the Same”, 76 (18.7%) reported freshness as “Less Important”.  

61 (15.0%) “More Important”, 6 (1.5%) “Isn’t and never has been an Important Factor”. 

How has the coronavirus pandemic affected the importance of price when obtaining groceries? 

 406 Purdue graduate student participants responded to this Likert-style question. Of the 

406, 203 (50.0%) reported “Just the Same”, 109 (26.8%) reported freshness as “More Important”.  

85 (20.9%) “Less Important”, 9 (2.2%) “Isn’t and never has been an Important Factor”. 
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How has the coronavirus pandemic affected the importance of nutrition when obtaining 

groceries? 

 406 Purdue graduate student participants responded to this Likert-style question. Of the 

406, 290 (71.4%) reported “Just the Same”, 81 (20.0%) reported nutrition as “More Important”.  

24 (5.9%) “Less Important”, 11 (2.7%) “Isn’t and never has been an Important Factor”. 

How has the coronavirus pandemic affected the importance of convenience/easily prepared 

when obtaining groceries? 

 406 Purdue graduate student participants responded to this Likert-style question. Of the 

406, 222 (54.7 %) reported “Just the Same”, 83 (20.4%) reported convenience as “Less Important”.  

69 (17.0%) “More Important”, 32 (7.9%) “Isn’t and never has been an Important Factor”. 

How has the coronavirus pandemic affected the importance of food safety when obtaining 

groceries? 

 403 Purdue graduate student participants responded to this Likert-style question. Of the 

403, 205 (50.9%) reported “Just the Same”, 169 (41.9%) reported convenience as “More 

Important”.  23 (5.7%) “Less Important”, 6 (1.5%) “Isn’t and never has been an Important Factor”. 

Once the situation returns to normal, how likely are you to have your groceries delivered to your 

place of residence? 

 395 Purdue graduate student participants responded to this multiple choice question. Of the 

395, 260 (65.8%) say they didn’t before the pandemic and won’t once it is lifted, 76 (19.2%) report 

they will utilize this service just as much, 44 (11.1%) will utilize this service more than before the 

coronavirus pandemic, 15 (3.8%) say they will get their groceries delivered to them less than they 

did before the pandemic. 

Once the situation returns to normal, how likely are you to order your groceries online and 

physically pick them up at the supermarket?  

 408 Purdue graduate student participants responded to this multiple-choice question. Of 

the 408, 254 (62.3%) say they didn’t before the pandemic and won’t once it is lifted, 95 (23.3%) 

report they will utilize this service just as much, 44 (10.8%) will utilize this service more than 
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before the coronavirus pandemic, 15 (3.7%) say they will get their groceries delivered to them less 

than they did before the pandemic. 

How would you describe the level of difficulty associated with food purchasing during the 

coronavirus pandemic? 

 408 Purdue graduate student participants responded to this multiple-choice question. Of 

the 408, 279 (68.4%) say it has been “Harder than normal”, 118 (28.9%) report it is the same as 

during normal times, 11 (2.7%) say it has been “Easier than normal”. 

How would you describe your current overall fruit and vegetable consumption compared to pre-

coronavirus pandemic times? 

 408 Purdue graduate student participants responded to this multiple-choice question. Of 

the 408, 221 (54.2%) say they are eating the same amount as before, 130 (31.9%) report eating 

less than normal, 57 (14.0%) say they are eating more than before. 

How do you believe the coronavirus pandemic has affected volunteering needs? 

 407 Purdue graduate student participants responded to this multiple choice question. Of the 

407, 294 (72.2%) say volunteering needs are higher than normal, 78 (19.2%) report needs being 

the same as before, 35 (8.6%) say volunteering needs are less than before. 

How much risk are you putting yourself in when volunteering in a hospital during the 

coronavirus pandemic? 

 407 Purdue graduate student participants responded to this multiple-choice question. Of 

the 407, 248 (60.9%) say volunteering in a hospital is an “extreme level of risk”, 73 (17.9%) report 

a slightly above average risk, 46 (11.3%) say there are no risks at all, 25 (6.1%) say that there is 

an average level of risk, and 4 (1.0%) say there is very little risk. 
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How much risk are you putting yourself in when volunteering for a blood drive during the 

coronavirus pandemic? 

 395 Purdue graduate student participants responded to this multiple-choice question. Of 

the 395, 138 (34.9%) say volunteering at a blood drive puts them at a slightly above average risk, 

106 (26.8%) report an extreme level of risk, 73 (18.5%) say there is an average level of risk, 49 

(12.4%) say that there is no risk at all, and 29 (7.3%) say there is very little risk. 

How much risk are you putting yourself in when volunteering in a retirement home or assisted 

living center during the coronavirus pandemic? 

 394 Purdue graduate student participants responded to this multiple-choice question. Of 

the 394, 145 (36.8%) say volunteering at a retirement home or assisted living center carries an 

extreme level of risk, 120 (30.5%) report an above average level of risk, 57 (14.5%) say there is 

an average level of risk, 46 (11.7%) say that there is no risk at all, and 26 (6.6%) say there is very 

little risk. 

How much risk are you putting yourself in when volunteering at food distribution centers during 

the coronavirus pandemic?  

 394 Purdue graduate student participants responded to this multiple-choice question. Of 

the 394, 146 (37.1%) say volunteering at a food distribution center carries a slightly above average 

level of risk, 105 (26.6%) report an average level of risk, 50 (12.7%) say there is very little risk, 

49 (12.4%) say that there is no risk, and 44 (11.2%) say there is an extreme level of risk.  

How much risk are you putting yourself in when volunteering at a community garden during 

the coronavirus pandemic?  

 394 Purdue graduate student participants responded to this multiple-choice question. Of 

the 394, 120 (30.5%) say volunteering at a community garden carries very little risk, 106 (26.9%) 

report an average level of risk, 82 (20.8%) say there is a slightly above average risk, 71 (18.0%) 

say that there is no risk at all, and 15 (3.8%) say there is an extreme level of risk. 

Are there any community gardens within a 15 minute drive of your place of residence? 
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 397 Purdue graduate student participants responded to this multiple-choice question. Of 

the 397, 230 (57.9%) said they were unsure, 109 (27.5%) report that there is one, 58 (14.6%) say 

there is not. 

How often do you volunteer at a community garden? 

 397 Purdue graduate student participants responded to this multiple-choice question. Of 

the 397, 379 (95.5%) said they do not volunteer at community gardens, 10 (2.5%) report they 

volunteer once a year, 4 (1.0%) say they volunteer there once every 6 months, 3 (0.8%) say they 

volunteer there monthly and 1 (0.3%) said they volunteer there weekly. 

Does a community garden bring value to the communities where they are located by helping to 

put food on the table? 

 383 Purdue graduate student participants responded to this multiple-choice question. Of 

the 383, 170 (44.4%) said they somewhat agree that it brings this value to the community, 92 

(24.0%) strongly agree, 85 (22.2%) say they neither agree nor disagree, 27 (7.0%) somewhat 

disagree and 9 (2.3%) said they strongly disagree. 

Does a community garden bring value to the communities where they are located by increasing 

the community’s sense of togetherness? 

 382 Purdue graduate student participants responded to this multiple-choice question. Of 

the 382, 168 (44.0%) said they somewhat agree that it brings this value to the community, 111 

(29.1%) strongly agree, 82 (21.5%) say they neither agree nor disagree, 13 (3.4%) somewhat 

disagree and 8 (2.1%) said they strongly disagree. 

Does a community garden bring value to the communities where they are located by improving 

the environment? 

 383 Purdue graduate student participants responded to this multiple-choice question. Of 

the 383, 166 (43.3%) said they somewhat agree that it brings this value to the community, 119 

(31.1%) strongly agree, 83 (21.7%) say they neither agree nor disagree, 10 (2.6%) somewhat 

disagree and 5 (1.3%) said they strongly disagree. 
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Does a community garden bring value to the communities where they are located because they 

are essential in a functioning community? 

 383 Purdue graduate student participants responded to this multiple-choice question. Of 

the 383, 155 (40.5%) said they neither agree nor disagree, 97 (25.3%) somewhat agree, 55 (14.4%) 

strongly agree, 52 (13.6%) somewhat disagree and 24 (6.3%) said they strongly disagree. 

I would be more likely to volunteer at a local community garden if there was better 

communication of opportunities to me. 

 381 Purdue graduate student participants responded to this multiple-choice question. Of 

the 381, 157 (41.2%) said they somewhat agree, 140 (36.7%) strongly agree, 57 (15.0%) neither 

agree nor disagree, 14 (3.7%) strongly disagree and 13 (3.4%) said they somewhat disagree. 

I would be more likely to volunteer at a local community garden if transportation was provided 

to and from. 

 382 Purdue graduate student participants responded to this multiple-choice question. Of 

the 382, 151 (39.5%) said they neither agree nor disagree, 64 (16.8%) strongly disagree, 63 (16.5%) 

somewhat disagree, 55 (14.4%) strongly agree and 49 (12.8%) said they somewhat agree. 

I would be more likely to volunteer at a local community garden if I knew the community garden 

staff were friendly and accommodating. 

 380 Purdue graduate student participants responded to this multiple-choice question. Of 

the 380, 173 (45.5%) said they somewhat agree, 97 (25.5%) strongly agree, 86 (22.6%) neither 

agree nor disagree, 13 (3.4%) somewhat disagree and 11 (2.9%) said they strongly disagree. 

I would be more likely to volunteer at a local community garden if I knew my level of gardening 

experience was accepted. 

 382 Purdue graduate student participants responded to this multiple-choice question. Of 

the 382, 152 (39.8%) said they somewhat agree, 103 (27.0%) neither agree nor disagree, 92 (24.1%) 

strongly agree, 22 (5.8%) somewhat disagree and 13 (3.4%) said they strongly disagree. 
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I would be more likely to volunteer at a local community garden if I had the proper clothing. 

 379 Purdue graduate student participants responded to this multiple-choice question. Of 

the 379, 175 (46.2%) said they neither agree nor disagree, 90 (23.7%) said they somewhat agree, 

44 (11.6%) somewhat disagree, 37 (9.8%) strongly agree and 33 (8.7%) said they strongly disagree. 

I would be more likely to volunteer at a local community garden if opportunities did not conflict 

with my schedule. 

 382 Purdue graduate student participants responded to this multiple-choice question. Of 

the 382, 165 (43.2%) said they strongly agree, 120 (31.4%) said they somewhat agree, 76 (19.9%) 

neither agree nor disagree, 12 (3.1%) somewhat disagree and 9 (2.4%) said they strongly disagree. 

I would be more likely to volunteer at a local community garden if I was able to take home fresh 

produce from the garden. 

 381 Purdue graduate student participants responded to this multiple-choice question. Of 

the 381, 144 (37.8%) said they strongly agree, 117 (30.7%) said they somewhat agree, 86 (22.6%) 

neither agree nor disagree, 19 (5.0%) strongly disagree and 15 (3.9%) said they somewhat disagree. 

Are you interested in volunteering at a community garden? 

 385 Purdue graduate student participants responded to this multiple-choice question. Of 

the 385, 230 (59.7%) said yes, 155 (40.3%) said no. 

What is the best method for a community garden to convey information about the work they do 

and volunteering opportunities? 

 374 Purdue graduate student participants responded to this multiple choice question. Of the 

374, 220 (58.8%) said email, 119 (31.8%) said social media pages, 18 (4.8%) said text, 17 (4.5%) 

said another mode. 
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2.3.3 Group Comparisons 

 The following tables visualize the existence of significant differences between responses 

of the various comparison groups. Significant differences were assigned for p-values less than 

0.05.  Significant differences between groups with more than two options (transportation, 

residence, work duties and financial status) were allotted footnotes below the table to distinguish 

which of the groups differed from each other. A written description of major significant differences 

for each group is provided in the subsequent section. 

 

Table 194. Kruskal-Wallis group results for total fruit consumption, total vegetable consumption 

and location where majority of fresh produce is consumed 

  

Total Fruit 

Consumption 

Total Vegetable 

Consumption 

Location where majority of 

fresh produce is consumed 

M vs F None None None 

PhD vs Master’s None None None 

USA vs Int None None None 

Developing 

nations None None None 

Transportation Sig Dif 1 None None 

Residence None None None 

Work Duties None None None 

Financial Status None None None 
1 Students who rely on public transportation consumed significantly less fruits than students who mainly get 

around by walking, bike, skateboard, or scooter.
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Table 195. Kruskal-Wallis group results comparing perceived consumer importance of taste, freshness, low price, high price ensuring 

high quality, nutrition, convenience and food safety when purchasing fresh produce 

  

Importance 

of Taste 

when 

purchasing 

fresh 

produce 

Importance 

of 

Freshness 

when 

purchasing 

fresh 

produce 

Importance 

of Low 

Price when 

purchasing 

fresh 

produce 

Importance of 

High Price 

Ensuring High 

Quality when 

purchasing fresh 

produce 

Importance 

of 

Nutrition 
when 

purchasing 

fresh 

produce 

Importance of 

Convenience/Easily 

Prepared when 

purchasing fresh 

produce 

Importance 

of Food 

Safety when 

purchasing 

fresh produce 

Sex Sig Dif Sig Dif  None None Sig Dif None None 

PhD vs Master’s None None Sig Dif None None None None 

USA vs Int Sig Dif None None Sig Dif None None None 

Developing 

nations Sig Dif None None Sig Dif None None None 

Transportation Sig Dif 1 None None None None None None 

Residence None None None None None None None 

Work Duties None None Sig Dif 2 None None Sig Dif 3 None 

Financial Status None None None None None None None 

1 Students who drive their own personal vehicles listed taste as more important than students who mainly get around by walking, bike, skateboard, or scooter and 

student who use ride-sharing services like Uber.  
2 Students who only have research/lab work and students who have research/lab work, classes and teach list low price as more important than student who only 

take classes.  
3 Students who have research/lab work, classes and teach list convenience/easily preparedness as more important when purchasing fresh produce than students who 

only teach and students who have research/lab work and teach. 
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Table 196. Kruskal-Wallis group results comparing the effects that the COVID-19 pandemic has had on perceived consumer 

importance of taste, freshness, price, nutrition, convenience and food safety when purchasing fresh produce. 

 

Effects of 

COVID-19 

on Taste as a 

factor for 

purchasing 

fresh produce 

Effects of 

COVID-19 on 

Freshness as a 

factor for 

purchasing fresh 

produce 

Effects of 

COVID-19 on 

Price as a 

factor for 

purchasing 

fresh produce 

Effects of 

COVID-19 on 

Nutrition as a 

factor for 

purchasing fresh 

produce 

Effects of COVID-19 

on 

Convenience/Easily 

Prepared as a factor 

for purchasing fresh 

produce 

Effects of 

COVID-19 on 

Food Safety as 

a factor for 

purchasing 

fresh produce 

M vs F Sig Dif Sig Dif None None None None 

PhD vs Master’s None None None None None None 

USA vs Int Sig Dif None None None None None 

Developing 

nations None None None None None None 

Transportation None None None None None None 

Residence None None None None None None 

Work Duties None None None None None None 

Financial Status None None None None None None 
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Table 197. Kruskal-Wallis group results comparing how the COVID-19 pandemic has affected the usage of grocery delivery services, 

grocery curbside pickup services, the level of difficulty purchasing food and overall fruit and vegetable consumption 

  

Effects of COVID-19 on 

the usage of grocery 

delivery services 

Effects of COVID-19 

on the usage of 

grocery curbside 

pickup services 

Level of difficulty for 

purchasing food 

during COVID-19 

Effects of COVID-19 on 

overall fruit and 

vegetable consumption 

M vs F Sig Dif None None Sig Dif 

PhD vs M None None None None 

USA vs Int Sig Dif Sig Dif None None 

Developing nations Sig Dif None None None 

Transportation None None None None 

Residence None None None None 

Work Duties None None None None 

Financial Status None None None None 
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Table 198. Kruskal-Wallis group results comparing how the COVID-19 pandemic has affected overall volunteering needs and the 

level of risk for volunteering at (1) hospitals, (2) blood drives, (3) assisted living centers, (4) food distribution centers and (5) 

community gardens. 

  

Effects of 

COVID-19 

on overall 

volunteering 

needs 

Level of 

risk while 

volunteering 

at a hospital 

during 

COVID-19 

Level of risk 

while 

volunteering 

at a blood 

drive during 

COVID-19 

Level of risk 

while 

volunteering at a 

assisted 

living/retirement 

home during 

COVID-19 

Level of risk while 

volunteering at a food 

distribution center 
during COVID-19 

Level of risk 

while volunteering 

at a community 

garden during 

COVID-19 

M vs F None Sig Dif Sig Dif Sig Dif Sig Dif Sig Dif 

PhD vs M None None None None None None 

USA vs Int Sig Dif None None Sig Dif None None 

Developing nations None None None None None None 

Transportation None None None None None None 

Residence None None None None None Sig Dif 1 

Work Duties None None None None None None 

Financial Status None None None None None None 
1 Students who live more than a five minute drive off of campus list the level of risk for volunteering at a community garden as higher than students who live on 

campus. 
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Table 199. Kruskal-Wallis group results comparing the awareness of local community gardens, frequency of community garden 

volunteering and perceived level of value that community gardens bring to their community by (1) putting food on the table, (2) 

increasing its sense of togetherness, (3) improving the environment they are embedded in and (4) being a necessary element of a 

functioning community. 

  

Are there any 

community 

gardens 

within 15 

minutes of 

your place of 

residence? 

Frequency 

of 

community 

garden 

volunteering 

Community 

gardens bring 

value to a 

community by 

putting food on 

the table 

Community 

gardens bring 

value to a 

community by 

increasing its 

sense of 

togetherness 

Community gardens 

bring value to a 

community by 

improving the 

environment they 

are embedded in 

Community 

gardens bring 

value to a 

community by 

being a 

necessary 

element of a 

functioning 

community 

M vs F Sig Dif Sig Dif Sig Dif Sig Dif Sig Dif Sig Dif 

PhD vs M None None None None None None 

USA vs Int None None Sig Dif None Sig Dif None 

Developing 

nations None None None None None None 

Transportation None None None Sig Dif 3 None None 

Residence None None None None None None 

Work Duties Sig Dif 1 None Sig Dif 2 Sig Dif 4 None Sig Dif 5 

Financial 

Status None None None None None None 
1 Students who have research/lab work and teach acknowledged that a community garden exists within 15 of their place of residence more often than students who 

have classes and teach and students who only teach.  
2 Students who have research/lab work, classes and teach and students that have research/lab work and classes list community garden’s value of putting food on 

the table as higher than students who only have classes and students who only teach.  
3 Students whose main form of transportation is family and friends listed a community garden’s value of togetherness as higher than students whose main form of 

transportation is a personal vehicle.  
4 Students who have research/lab work, classes and teach and students who have research/lab work and classes listed a community garden’s value of togetherness 

as higher than students who only teach and students who have classes and teach.  
5 Students who have research/lab work, classes and teach listed a community garden as a necessary element in a functioning society as higher than students who 

only take classes, students who only teach and student who have classes and teach.  
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Table 1910. Kruskal-Wallis group results comparing likelihood to volunteer at a community garden if (1) opportunities were better 

communicated, (2) transportation was provided, (3) they knew the staff was friendly and accommodating, (4) they knew my level of 

skill was accepted, (5) they had the proper clothing, (6) opportunities didn’t conflict with their schedule and (7) they were able to take 

home fresh produce from the community garden. 

  

More likely to 

volunteer at a 

community 
garden if 

opportunities 

were better 

communicated 

More likely to 

volunteer at a 
community 

garden if 

transportation 

was provided 

More likely to 

volunteer at a 

community 
garden if I knew 

the staff was 

friendly and 

accommodating 

More likely to 

volunteer at a 

community 
garden if I 

knew my level 

of skill was 

accepted 

More likely to 

volunteer at a 

community 
garden if I 

had the 

proper 

clothing 

More likely to 
volunteer at a 

community 

garden if 

opportunities 

didn’t 

conflict with 

my schedule 

More likely to 

volunteer at a 

community garden 
if I was able to 

take home fresh 

produce from the 

community garden 

M vs F Sig Dif None Sig Dif Sig Dif None None None 

PhD vs M None None None None None None None 

USA vs Int Sig Dif Sig Dif None None None None Sig Dif 

Developing 

nations None Sig Dif None None None None Sig Dif 

Transportation None Sig Dif 2 None Sig Dif 3 Sig Dif 4 None None 

Residence None None None None None None None 

Work Duties Sig Dif 1 None None None None Sig Dif 5 Sig Dif 6 

Financial 

Status None None None None None None None 

1 Students who have research/lab work and classes reported being more likely to volunteer if opportunities are better communicated than students who only have classes 
and students who only teach.  

2 Students whose main form of transportation is family and friends reported being more likely to volunteer if transportation was provided than students whose main form 
of transportation is a personal vehicle, students whose main form of transportation is public transportation and students who mainly get around by walking, bike, skateboard 

or scooter. Students whose main form of transportation is public transportation and students who get around by walking, bike, skateboard or scooter reported being more 
likely to volunteer at community gardens if transportation was provided than students whose main form of transportation is a personal vehicle.   

3 Students whose main form of transportation is family and friends reported being more likely to volunteer at a community garden if they knew their level of skill was 
accepted than students whose main form of transportation is a personal vehicle and students who mainly get around by walking, bike, skateboard or scooter.  

4  Students whose main form of transportation is family and friends reported being more likely to volunteer at a community garden if they had the appropriate clothing than 
students whose main form of transportation is a personal vehicle and students who mainly get around by walking, bike, skateboard or scooter.  

5  Students who have research/lab work, classes and teach reported being more likely to volunteer at a community garden if opportunities did not conflict with their schedules 
than students who only have classes, students who only teach and students who have classes and teach.  

6 Students who have research/lab work, classes and teach reported being more likely to volunteer at a community garden if they were able to take home fresh produce from 
the community garden than students who only have research/lab work, student who only have classes, students who only teach and students who take classes and teach
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Table 1911. Kruskal-Wallis group results comparing interest in volunteering at a community 

garden and the best method for a community garden to convey volunteer opportunities. 

  

Are you interested in volunteering at a 

community garden? 

M vs F None 

PhD vs M None 

USA vs Int Sig Dif 

Developing nations None 

Transportation Sig Dif 1 

Residence None 

Work Duties None 

Financial Status None 

1Students whose main form of transportation is a personal vehicle reported being more interested in volunteering at a 

community garden than students whose main form of transportation is public transportation.  

2.3.4 Notable Group Comparison Trends 

Transportation comparison trends 

 Students that get around mainly by walking, biking, skateboard or scooter consume 

significantly more fruits (7.81 serving day-1) than those students who drive their own personal 

vehicle (6.79 servings/day-1) and ones who mainly use public transportation (6.65 servings day-1).  

Developing nation comparison trends 

 Those from developing nations report taste as a significantly less important factor when 

purchasing fresh produce. However, they see high price ensuring premium quality as a 

significantly more important factor. Those from non-developing nations are significantly more 

likely to decrease their utilization of grocery delivery services to their place of residence when the 

COVID-19 pandemic is over.  

American and International student comparison trends 

 International students report taste as a significantly less important factor when purchasing 

fresh produce compared to American students. However, they see high price ensuring premium 

quality as a significantly more important factor. American students are significantly more likely 

to decrease their use of grocery delivery services and grocery store pick-ups compared to 
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international students when the COVID-19 pandemic is over. American students reported 

community gardens have value putting food on the table and improving the environment they are 

located in at significantly higher levels than international students. American students are also 

more likely to volunteer at community gardens if opportunities are better communicated to them 

and they were able to take free food from the community garden. International students are more 

likely to volunteer if transportation is provided. When asked if interested in volunteering at a 

community garden at some point in the future, international students indicated more interested 

than American students.  

PhD and Master’s student comparison trends 

 PhD students report low price as a significantly more important factor when purchasing 

fresh produce compared to Master’s students. This was the only category in which a significant 

difference was found.  

Male vs Female student comparison trends 

 Female students report taste, freshness and nutrition as significantly more important factors 

when purchasing fresh produce compared to male students. Female students also report taste and 

freshness as more important factors due to the COVID-19 pandemic at levels significantly higher 

than male students. Female students are less likely to get their groceries delivered to their place of 

residence after the COVID-19 pandemic ends compared to male students. Male students reported 

eating less fruits and vegetables due to the COVID-19 pandemic compared to female students. 

Female students report volunteering in hospitals, blood drives, retirement homes/assisted living 

facilities, food distribution centers and community gardens as riskier during the COVID-19 

pandemic compared to male students. Male students report volunteering at community gardens 

more than female students. Female students reported that community gardens have value putting 

food on the table, bringing togetherness, improving the environment and being a necessary faction 

of a functioning community in which they are located at significantly higher levels than males 

students. Females are more likely to volunteer at community gardens if opportunities are better 

communicated to them, they knew the staff was friendly and accommodating and they knew the 

staff was accepting of their gardening skill levels. 
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Comparisons between groups: Open-ended questions 

 ANOVA results for question 16 (“I include fresh produce in my diet because:”) indicate 

that the Purdue University graduate students who took the survey include fresh produce in their 

diet for many of the same reasons, no matter the demographic being compared. The only 

demographic to show a significant (p < 0.05) relationship was found between those from 

developing nations and vegetarianism or veganism. 7.5% of graduate students from developing 

nations cited vegetarianism or veganism as a reason for including fresh produce in their diets, as 

compared to 2.0% of graduate students from non-developing nations. While a significant 

relationship was not found statistically, it is still interesting to note that 11 (7.5%) international 

respondents listed including fresh produce in their diet as a lifetime habit, while 0 American 

respondents listed this as a reason.  

 Question 17 (“Is fresh produce difficult to include in your diet?”) results were analyzed 

and only one category of response variable resulted in a significant relationship between 

demographic and response. This category was transportation. Significantly more international 

students cited transportation as a difficulty for including fresh produce in their diet as compared to 

American students. Similarly, students from developing nations cited transportation significantly 

more often as a barrier to access as compared to students from non-developing nations.  

 Question 18 (“How has the recent coronavirus pandemic affected food purchasing and 

preparation habits?”) results showed a significant relationship between one’s work responsibilities 

and the likelihood of their diet becoming “unhealthier” due to the coronavirus pandemic. 

Respondents that have multiple work responsibilities mentioned their diets becoming unhealthier 

at higher percentages than those who only had one current responsibility (Table 2.12).  
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Table 1912. Frequency of responses for question 18 (“How has the recent coronavirus pandemic 

affected food purchasing and preparation habits?”) that listed unhealthier dietary behaviors 

grouped by work responsibilities. 

Responsibility Responses Total Percentage 

Classes + Teaching 2 22 9.1% 

Research/Lab work + Classes + Teaching 4 50 8.0% 

Research/Lab work + Teaching 2 32 6.2% 

Research/Lab work + Classes 3 93 3.2% 

Research/Lab work 4 147 2.7% 

Classes 0 47 0.0% 

Teaching 0 5 0.0% 

2.4 Discussion 

2.4.1 Individual and Structural Difficulties When Purchasing and Consumption Produce 

 Understood in light of the TPB, fresh produce purchasing and consumption motivations at 

least partially drive respondents to actually purchase and consume fresh, healthy foods in their 

diets. Survey respondents listed taste and food safety as their top priorities when obtaining 

groceries. These results are somewhat unexpected as price is consistently one of the largest factors 

commonly cited as a major food choice determinant (Institute of Medicine and National Research 

Council of the National Academies, 2013). The COVID-19 pandemic most likely played a large 

part in the variance observed as it caused change in the mindset of people when thinking about 

what food to purchase, where to purchase food and how to purchase food. 

 Purdue University closed its doors for the spring semester in March and the local 

community as a whole was under nearly universal shut down at the time the survey was open to 

respondents for completion. Thus, the COVID-19 pandemic personally affected every survey 

respondent in one way or another and was most likely affecting fresh produce purchasing and 

consumption motivations. In fact, 42% of respondents noted that food safety was a “More 

Important” factor to them when obtaining groceries compared to pre-COVID-19 times. Price 

appears to have taken a back seat to food safety for many graduate students. While individual 

motivations and risk assessments appear to have shifted, this was not the only factor that drove 

behavior changes when purchasing and consuming produce during the height of COVID-19 

confusion and panic. Many survey respondents discussed a lack of access to nutritious foods solely 

based on the fact that the local area does not have sufficient establishments that sell nutritious 



 

 

70 

 

foods. In other words, the perceived food landscape in the area is of poor quality to many of survey 

respondents so they must overcome structural barriers when purchasing and consuming a healthy 

diet. The COVID-19 pandemic appears to have wounded an already weak food landscape structure.  

West Lafayette and Lafayette supermarkets and public transportation systems experienced 

shutdowns and legislative restrictions during this time, which appears to have disproportionately 

affected certain individuals in the community, thus exacerbating barriers to accessing produce 

individuals already faced. Graduate students without personal vehicles were especially negatively 

affected by these restrictions.  

 Unsurprisingly, the COVID-19 pandemic has not affected the importance of nutrition when 

obtaining groceries for many survey respondents.  The vast majority of survey respondents listed 

the importance of nutrition as “Just the same” as it was before the pandemic. This is disappointing 

and illustrates a potential reason why nutrition is not discussed more during the current public 

health crisis for its effect on short- and long-term health and wellness.  Healthy lifestyle habits, 

including proper nutrition, do not receive the attention that they so rightly deserve from media 

sources that most Americans get their information from. In fact, one COVID -19 review by Chaari 

et al. (2020) states that deficiency of vitamins, mineral and polyphenols has profound 

consequences on “susceptibility to infection” and obesity largely caused by physical inactivity and 

excess consumption of carbohydrates and saturated fats “can deregulate the immune system of the 

host thereby increasing susceptibility to infection.” Another COVID-19 review by Razdan et al. 

(2020) states that “maintaining adequate vitamin D levels is vital to prevent getting infected or to 

ward off the infection without mortality, in case it occurs.” Lastly, a September 2020 trial 

administering high doses of Calcifediol, a main metabolite of vitamin D, found that it 

“significantly reduced the need for ICU treatment of patients requiring hospitalization due to 

proven COVID-19.” (Entrenas et al., 2020). Unfortunately, consumers of the news frequently hear 

about vaccine and drug development, but very little about nutrition’s role in disease prevention 

and recovery. These discussions of pharmacological importance are sandwiched between 

commercial breaks inundated with advertisements displaying the miraculous effects of 

prescription drugs of all sorts that cure ailments of all shapes and sizes. The average American 

sees nine drug advertisement a day, which corresponds to more time a year than the time they 

spend with their primary care physician (Ventola, 2011).  It may be slightly concerning to learn 

that the United States is one of only two nations worldwide that legally allow direct-to-consumer 
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prescription medication advertising. The other is the small island nation of New Zealand. A shift 

in the paradigm of nutrition’s role in maintaining health and preventing disease for the American 

culture is desperately needed, especially during a pandemic. 

 The subset of the Purdue graduate student population that took our survey was discovered 

to be more enthusiastic and engaged with nutrition than the average graduate student so learning 

that this population said nutrition was not more important of a factor when purchasing and 

consuming produce is concerning. If this subset does not see proper nutrition as more important, 

then there is a large chance that the rest of the population also does not see nutrition as more 

important. Access to nutritious foods is one of the first necessary steps in the process of changing 

behaviors and attitudes concerning healthy diets. If there is no access or barriers are too large to 

overcome then it does not matter what the individual’s attitude is. As we discovered, many in the 

local area want to have nutritious diets, but the structure is such that this is a very difficult, or 

impossible, task. However, once a food landscape has adequate access, nutrition education is one 

of the most effective ways to catalyze this paradigm shift in the minds of those in the community. 

It remains a well-known fact that increasing nutrition education of individuals is one of the most 

effective methods of increasing healthy nutrition behaviors (Pem and Jeewon, 2015). Young adults 

are no different (Côté-Boucher, 2012), which is exciting because the earlier that healthy diet 

patterns are developed, the easier they are to persist into later life (Beckerman et al., 2017).  

Graduate students, in particular, are a population of young adults that may be more likely to latch 

onto education programs more so than the average 20- or 30-year olds as this group of people are 

naturally inclined to continue their education and be lifelong learners. The results of this survey 

indicate that on an individual level, there exists a gap in nutrition knowledge that education leaders 

and public health officials can bridge by organizing novel nutrition education programs focusing 

on disease prevention and positive lifetime habits. To reiterate, these programs are a proposed 

solution to improve the odds that individuals will choose nutritious foods in their diets. Many 

structural changes are also needed in the local food landscape to ensure that these programs will 

be as successful as they can be.  

2.4.2 Perceived Barriers 

 One of the primary aims of this survey was to identify the existence of perceived barriers 

to accessing fresh and/or healthy foods in this target population. Our results are not intended to be 
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used for generalizations of the Purdue University graduate student population as 95% of eligible 

survey takers did not participate. The perceived barriers discussed in this section refer only to 

responses from the subset of the graduate student population that took the survey. This is important 

to keep in mind because the population that participated most likely represents a subset of the 

population that cares more than the average graduate student concerning matters of food security 

and fresh produce availability. However, barriers to access likely affect everyone in an area 

whether they are interested in the topic or not.  For this reason, the barriers to accessing nutritious 

foods provided by this subset of the population will be viewed as a pulse on the existence of the 

issues at hand for the majority of the population. Data that is more independent to the individual, 

such as fruit and vegetable consumption intake and community garden volunteering patterns, was 

not generalized to the whole of the graduate student population. 

 Upon analysis of the data, those that did choose to participate cited multiple examples of 

perceived barriers. Many survey respondents felt that their take-home pay and work schedules 

created challenges impeding them from including fresh and/or healthy foods in their diets. Even 

more cited a lack of healthy food options, which was often paired with poor transportation to reach 

those few options that do exist. Demographic information from the survey reveals that twenty-two 

(7.7%) American student respondents rely on public transportation, while 77 (39.3%) of 

international student respondents rely on public transportation. Not surprisingly, international 

students cited transportation issues significantly more than American students. In addition, 

students from developing nations cited transportation issues significantly more than students from 

non-developing nations. These results are yet another piece of evidence that international students 

face unique challenges when coming to America for higher education. Logistic challenges, such 

as transportation, are difficult to overcome in their own right. International students, both 

undergraduate and graduate, also face many unique social challenges compared to American 

college students. These include “academic challenges, social isolation, cultural adjustment and 

social isolation” (Wu et al., 2015).   

 Responses detailing transportation issues should not come as a major surprise as West 

Lafayette, Indiana and Lafayette, Indiana both score poorly on walkability tests. We know this 

played a significant role in how students without personal vehicles perceived the local food 

landscape, particularly international students. Again, the subset of survey takers were particularly 

interested in accessing nutritious foods so these responses provide great insight into local access 
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to these foods because these individuals actively seek and desire such access. Below is a subset of 

responses that graduate students wrote concerning difficulties when accessing produce in the local 

area: 

  “Purdue needs more food options, there are basically no healthy food options on campus. 

I can actually think of no healthy food options on campus, and no grocery stores at all!” 

  “It is difficult to get to grocery stores around here…”  

 “It's difficult to do groceries regularly without owning a car.”  

 “Store is not that accessible without public transport, delivery cost is high, less availability 

near the campus where you can just walk and get” 

 “yes, supermarket is far and public transport takes a lot of time” 

 “Yes, there are no options on campus and prepared salads and meals are very expensive.” 

 “Yes, because i don't have access to it where i live near Purdue campus! I need a car which 

I don't have and cannot afford!” 

 “Other than seasonal farmers markets, there are no groceries with fresh produce within 

walking distance.” 

 “I agree there is a lack of fresh produce available here compared to where I attended 

undergrad in Iowa City.” 

 “I am unsatisfied with the lack of fresh grocery around campus and wish to address this 

issue.” 

 “There are no grocery stores in walking distance of campus.” 

 “While I may not suffer from food insecurity or uncertain access to food, I know that other 

people do and it is a serious problem that the university should work to fix.” 

 At the very least, the cities of West Lafayette, IN and Lafayette, IN can increase access to 

fresh fruits and vegetables by investing in the sidewalks of their cities. Both cities are categorized 

as “car-dependent” to accomplish normal chores, such as going to the supermarket. As the results 

of this study have shown, not every student has access to a car. When public transportation halts, 

as it does during the summer months and during the COVID-19 pandemic, these students suffer 

disproportionately.  

 Along with transportation, many graduate students feel their financial status negatively 

affects their access to fresh produce. Open-ended responses revealed that many students are 
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stretching their stipend amount to be able to cover the cost of necessities like rent, utilities and 

groceries. Tuition waivers and financial assistance are wonderful resources to pay for graduate 

school, but many students still appear to be frustrated with their level of discretionary income. In 

addition, graduate students perceive their schedules to be extremely jam-packed with research, 

class and/or teaching responsibilities. Below are responses regarding their low pay and time 

requirements that make it difficult to include fresh and/or healthy foods in their diets: 

 “My paycheck is barely enough to survive on and I sacrifice a healthy diet to pay my bills.” 

 "It [COVID-19] has affected it A. LOT. especially because graduate students are expected 

to pay their normal bills as well as budget for summer on a pathetic excuse for a stipend." 

 “Given my stipend amount, even on fellowship it is difficult to support myself while also 

affording the cost of transportation (to distant grocery stores) and rent.” 

 “yes, I don't get paid enough. I'm living off of spaghetti every day” 

 “I typically like to get a lot of vegetables and fruits at the stores, but now a lot of these 

items are out of stock or cost too much [due to COVID-19] making it very difficult to 

afford on a grad stipend." 

 “Yes, I'm often very busy, so I rely a lot on frozen vegetables.” 

 “Fresh produce is difficult to include in my diet because I need to take the time to prepare 

it and frequently go buy it, which I generally don't have the energy to do during the week.” 

2.4.3 COVID-19 Challenges 

 The COVID-19 pandemic is a prime example of a modern day food shock. Many local and 

national food chains became disrupted, along with local public transportation and supermarket 

accessibility so it is no surprise that over two-thirds of survey respondents reported food 

purchasing being “Harder than normal” during the pandemic compared to pre-pandemic times. 

This is quite unfortunate because, again, nutrition is a vitally important factor for individuals to 

consider during a largescale public health crisis. Now, more than ever, communities need optimal 

access to healthy, nutrient dense foods (Butler & Barrientos, 2020). Open-ended responses that 

indicate the COVID-19 global pandemic created unique food purchasing challenges in the lives of 

graduate students:   

 “hard to go to store regularly since no transport now” 
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 "Busses are cancelled, which means I have to carry heavy bags of groceries and walk on 

the highway." 

 "I don't have a car and I was struggling a lot to get groceries. Buses were not running very 

often and I was not very confident on taking an uber." 

 "All online grocery shopping now. Less produce is available online, and the produce picked 

out for you usually is rotten. Seems employees try to give you the worst produce they have" 

 “I am curious about how graduate students can maintain healthy diets under difficult times 

like this where it has become significantly harder for me to obtain fresh fruits/produce.” 

 “Yes because graduate students have a small stipend and don’t even qualify for 

unemployment during a national pandemic” 

 One piece of information that may be interesting to specialists in the industry, such as 

supermarket research analysts, is that the majority of graduate students did not utilize home 

grocery delivery services before the COVID-19 pandemic and will not utilize it more than they 

did before the COVID-19 pandemic. The same can be said of curbside grocery pickup services. 

Although, around 10% of respondents said they will utilize both of these services more after the 

pandemic is lifted than they did before it. Online delivery services are a promising alternative 

method to ameliorate some of the negative effects of a food desert, especially for students who 

lack access to a personal vehicle. However, these services will need to improve if more consumers 

are to utilize its services. Many respondents, similar to the one above, received rotten produce and 

no longer trust supermarket employees to pick out the best looking produce when stocking their 

bags for online delivery.  

 Individuals that choose not to utilize online services during times of market disruption are 

often more affected by disruptions in transportation. The CDC website agrees that transportation 

is a major factor when considering access to healthy food as it explicitly states, “Improving 

transportation options to and from such food sources as supermarkets and farmers’ markets 

increases a community's access to healthy foods.” (Center for Disease Control, n.d.). The inverse 

is also true in that halting transportation diminishes a community’s access to healthy foods, 

especially during the COVID-19 pandemic. Local city planners and lawmakers need to learn from 

the recent public transportation shutdowns caused by the COVID-19 pandemic so that effective 

strategies can be implemented at the onset of the next major socioeconomic and/or public health 

event to avoid public transportation shutdowns. 
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 Local community gardens are another valuable asset to utilize during times of market 

disruption. When utilized correctly the steady production of nutritious produce in the heart of 

communities directly strengthens the resilience of said communities to withstand food shocks 

caused by economic downturn, pandemic and most other unfortunate social circumstance. More 

discussion concerning community gardens and their benefits can be found in section 2.4.5. 

2.4.4 Fruit and Vegetable Consumption Patterns 

 There does appear to be good news hidden beneath all of the struggles that graduate 

students face. 93% of survey respondents reported consuming adequate servings of both fruits and 

vegetables. The validity of 24-hour recall data is constantly under debate (Foster et al., 2019), but 

the aim of the survey was not to discover precise intake values in order to make largescale, 

sweeping declarations about the fruit and vegetable intakes of all Purdue University graduate 

students. What can be said is that these results suggest the encouraging news that at least some 

within the Purdue University graduate student population are able to overcome barriers from the 

rigors of graduate school, the effects of a less-than-ideal food landscape and a global pandemic. 

One reason could be that the students who took the survey are more interested in the topic, thus 

making them more likely to consume recommended levels of fruits and vegetables. As such, the 

participants of the survey most likely a subset of the Purdue University graduate population that 

over-represent students who are more conscious of the foods they are consuming. It can be 

reasonably assumed that these students consume fruits and vegetables in higher quantities than the 

average graduate student. Whether or not the remaining 95% of the Purdue University graduate 

student population consumes recommended servings of fruits and vegetables remains to be seen. 

Another explanation for this high rate of consumption could be due to social desirability bias, 

which posits that people over-exaggerate traits which hare perceived as positive to society. 

Additional surveys tracking more days of consumption or ethnographical methodologies would 

need to be employed to confirm our reported consumption patterns. 

 Another interesting discussion point that emerges from the survey data indicates that the 

COVID-19 pandemic did not lead to an increase in fruit and vegetable consumption for the vast 

majority of survey respondents. Only 16 (4%) respondents mentioned that the pandemic has 

affected them such that their produce consumption has increased. This fact is not unexpected when 

considering the issues the pandemic caused to transportation, food availability and public 
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awareness of physically going into public to places such as the supermarket and restaurants. In 

fact, many survey respondents noted that they were cooking and eating more meals at home 

compared to pre-pandemic times. This information should be viewed as an opportunity for public 

health officials to educate the population on healthy cooking when dining at home. Free tutorials 

and recipes are available on public and government websites, but a large push could be made at 

this time that encourages the adoption of healthier dietary behaviors, such as prioritizing fruits and 

vegetables inclusion in the diet when access is available. In addition, the public could greatly 

benefit from programs whose aim is to scientifically and publicly discuss the advantages and 

disadvantages of all forms of produce (fresh, canned or frozen). The advent of such a program has 

great potential to help the public make better-informed decisions when shopping for fruits and 

vegetables and be more resilient to healthy diet disruptions when runs on fresh produce occur, for 

example. Benefits gained from these education programs will only be observed if nutritious foods 

are accessible to those who learn from them. Increasing the amount of bus routes to supermarkets, 

opening a grocery store closer to campus where students can more easily bike or walk to it and 

making sure that graduate students are always paid in a timely manner are ways to increase the 

resiliency of the food infrastructure so education programs can be effective and fruit and vegetable 

consumption rates won’t suffer during difficult times. 

2.4.5 Community Garden Knowledge, Motivation and Future Volunteering 

 Community gardens are a promising alternative method for graduate students to increase 

their access to locally grown fruits and vegetables (Barnidge et al., 2014) and increase the 

resiliency of a food landscape during food shocks. Grow Local is a network of gardeners in the 

greater Lafayette, Indiana area that provides ten sharing gardens that are open to the public. 

Produce grown on these gardens is available to anyone to take what they need. Unfortunately, 

three out of almost every 4 respondents said that they were either unsure that a community garden 

existed within a fifteen minute drive of their place of residence or that one did not exist. 95.5% of 

respondents said they did not volunteer at a community garden even once a year. Respondents feel 

that community gardens are not necessarily essential to a functioning community, but somewhat 

agree that they help to put food on the table of community members, increasing a community’s 

sense of togetherness and improve the environment in which it is embedded. The majority of 

respondents somewhat agreed that they would be more likely to volunteer at a community garden 
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if there was better communication of volunteering opportunities, they knew the staff were friendly 

and accommodating and they knew their level of gardening experience was accepted. A plurality 

of respondents strongly agreed that they would be more likely to volunteer at a community garden 

if opportunities did not conflict with their schedules and they were able to take home fresh produce 

from the garden. Community gardens, and other non-profit organizations that rely upon volunteers, 

can learn a lesson from the story that respondents told through this survey. Our results indicate 

that at least some Purdue University graduate students view community gardens as valuable to its 

community and are more likely to volunteer if there were more efficient lines of communication 

to them. These lines of communication should make glaringly obvious that volunteering 

opportunities are available for individuals of all skill levels. Survey results indicate that female 

respondents may respond more positively to improved lines of communication and acceptance 

than male students. They should also clearly communicate that fresh, locally grown fruits and 

vegetables are available to take home and safely consume. The majority of respondents replied 

that email is the best method for a community garden to convey information to them. This was 

followed by social media pages and text messages. Survey respondents represent a small portion 

of the Purdue University graduate student population, but these respondents appear to be ready 

and enthusiastic to volunteer at a community garden near them. In fact, 230 (59.7%) respondents 

said they are interested in volunteering at a community garden. Compare this to the 95% that said 

they never volunteer at a community garden and it is clear to see that there is untapped volunteering 

potential within the Purdue University graduate student population. As for COVID-19 affecting 

community garden volunteering, the vast majority of survey respondents said volunteering at a 

community garden during the COVID-19 pandemic carried very little increased risk compared to 

during normal times. 

2.4.6 Study Limitations 

Sample Size 

 Bujang et al. (2018) recommends that a minimum sample size of 500 is needed to derive 

statistics that can accurately represent the parameters of the target population.  The results from 

our survey cannot be transposed to larger population statistics as none of the survey questions 

garnered 500 or more responses. Future survey research on this topic can potentially increase 
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sample size to a minimum of 500 by sending the email blast on two separate days, thus reaching a 

larger group of the population. In addition, researchers may find it successful to attend department 

seminars and ask permission to speak directly to graduate students in person. The COVID-19 

pandemic prevented this strategy from being deployed. This strategy also works to increase the 

variety of graduate students that respond to the survey. 

Single Point of Contact 

 Our survey was sent to all Purdue University graduate students via email blast on only one 

date, Wednesday, May 20th, 2020.  Because there was only one point of contact, the results of this 

survey represent a subset of the Purdue University graduate student population. Some students 

may not have been able to respond to the email on that day and the email became buried in their 

inbox. A second email blast was to be sent two weeks after the original, but that was not executed. 

In addition, there always remains a possibility that individuals who are particularly interested in 

the topic of food security and community gardens responded to the survey while those who do not 

care as much chose not to participate. This biasing has the potential to skew generalizability and 

the results of this study should not be used to generalize attitudes and behaviors of the Purdue 

University graduate student population. Similar to alleviating the effects of a low sample size, 

sending the survey on a second day would be a great solution to this problem. A second survey 

blast is likely to decrease the risk of biasing the results toward a subset of the population, as would 

attending department seminars as reminders to graduate students that the survey is available for 

them to take. 

24-Hour Recall Inaccuracy 

 Online self-reported 24-hour dietary recall intake patterns are consistently under-reported, 

while 48-hour dietary recalls gather much more accurate food intake data (Foster et al., 2019). One 

reason is that many respondents have difficulties estimating serving sizes and frequency of 

consumption (Rogers, Dagnelie, 2003). Subsequent surveys can improve the accuracy of their data 

by utilizing a 48-hour diet recall method, by having participants keeping daily food journals, or by 

employing ethnography. 
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2.4.7 Future Works 

 Future research is needed to better understand the prevalence and abundance of food 

insecurity among the Purdue University graduate student population and the graduate student 

population across the nation. Much care must be taken to ensure that the results of future surveys 

are generalizable to the graduate student population as “survey summary statistics may not be 

generalizable to the target population” (Standish & Umbach, 2019). Our research project focused 

on the lack of access to fresh and/or healthy foods. One future research project could involve the 

investigation of the overabundance of Standard American Diet eating establishments in the local 

area. Areas containing an overabundance of such establishments are known as “food swamps.” 

Food swamps are an important aspect to consider when examining a food landscape. In fact, food 

swamps are proven to be better predictors of obesity rates than food deserts (Cooksey-Stowers, 

2017). While food deserts have received the lion’s share of attention from policymakers on the 

topic of food security in the 21st century, researchers are discovering that living in neighborhoods 

dominated by establishments that serve SAD staples, such as fast food restaurants and convenience 

stores is also problematic. A study by Rose et al. (2009) coined the term “food swamp” to describe 

such a neighborhood. Food swamps are not as well defined as food deserts, but the term is used 

generally as a metaphor to describe “neighborhoods where fast food and junk food inundate 

healthy alternative” (Cooksey-Stowers et al., 2017). They have also been described as 

“geographical areas with adequate access to healthy food retail, but that also feature an 

overabundance of exposure to less healthy food and beverages” (National Collaborating Center 

for Environmental Health, 2017). Some have argued that ameliorating a neighborhood’s food 

landscape by including more healthy options has the potential to catalyze positive dietary 

behaviors (USDHHS, 2019), though the truth does not appear to be as cut and dry. The prevalence 

and abundance of fast food and convenience stores has the potential to negate any positive effects 

of increased access to healthy foods. Increased availability of fast food outlets is associated with 

lower fruit and vegetable intake, while simultaneously encouraging the consumption of unhealthy 

foods (Larson, 2009). Fraser el al. (2010) discovered that the abundance of traditional Standard 

American Diet serving establishments, such as McDonald’s, Kentucky Fried Chicken and Burger 

King, is greater in lower-income and minority neighborhoods.  Food swamps tend to be more 

difficult to map graphically, so the Johns Hopkins Bloomberg School of Public Health (JHBSPH) 

created a map of Baltimore depicting defined food desert neighborhoods, and added common 
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Standard American Diet establishments to highlight these areas in Baltimore. They defined food 

swamps in this city with “dense clusters of circle and triangles” (Figure 2.6), and noted how food 

swamps and food desert appear to overlap in many areas.  

 

 

Figure 196. Map of Baltimore, Maryland’s food desert neighborhoods overlaid with corner 

stores, fast food restaurants and carry out restaurants (Johns Hopkins Bloomberg School of 

Public Health) 

 

 Purdue’s campus and surrounding region contains many SAD food establishments, so a 

map similar to Figure 2.6 may yield similar results. Examining the existence of a food swamp in 

the local area will prove useful in better defining the local food landscape when examined in 

tandem with the results of this research project. A more holistic understanding of the local food 

system allows local official and city planners to recognize where the food landscape can be 

improved to ensure proper access of nutritious foods to all members of the community. 
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 LEAF COMPOST & T. HARZIANUM EFFECTS ON 

TOMATO PLANT VITALITY, PRODUCTION AND INDUCED 

SYSTEMIC RESISTANCE 

3.1 Introduction 

 The world’s leading independent assessment on the state of global nutrition, The Global 

Nutrition Report (GNR), states that “progress on malnutrition is not just too slow, it is also deeply 

unfair.” The Food and Agriculture Organization of the United Nations (FAO) details in the 2019 

version of its annual State of Food Security and Nutrition in the World that around 820 million 

people around the world live in a state of chronic hunger. Even more startling, estimates show that 

over 2 billion people do not have regular access to safe, nutritious and sufficient food (FAO, 2019). 

Paradoxically, individuals who suffer from malnutrition can be either underweight or obese. 

Statistics show that one in every nine people around the world is hungry while one in three is 

overweight or obese. (Global Nutrition Report, 2020) Steiner et al. find in their review of hunger 

and obesity rates that “Diet quality [is] one of the prime culprits for the paradoxical co-existence 

of two opposite states on the food security scale.” For example, 37% of people living in the district 

of South Bronx in New York City struggle to purchase food and yet this very district consistently 

leads the nation in obesity rates (Steiner et al, 2019). Lower economic status correlates to an 

increased consumption of grains, added sugars and fats as they are “inexpensive, good-tasting and 

convenient” (Drewnowski, 2012). 

 In other words, the current state of global nutrition is following dangerous trends on two 

ends of the spectrum. On one end, food insecure families do not have consistent access to the 

proper amount of calories, leading to malnutrition and hunger. At the same time, in the Western 

world where access to food is more prevalent, poorer individuals are purchasing cheap, energy-

dense foods lacking in nutrients, thus greatly increasing their risk of gaining excessive weight. In 

many cases, as Steiner et al. (2019) point out, lower socioeconomic individuals are both at 

increased risk to be obese and hungry.  

 Swinburn et al. (2019) classified the perpetuation of food insecurity, malnutrition and 

obesity in the modern world as a “syndemic”, or synergy of epidemics. The term “syndemic” was 

created well over a year before the COVID-19 pandemic took center stage in 2020 (Swinburn, 

2019). The negative effects of the current COVID-19 pandemic on global food security and 
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malnutrition are significant and widespread, specifically in communities that are most vulnerable 

(Huizar et al., 2020). Governments across the globe have mandated quarantines, shelter-in-places 

and lockdowns as tactics to prevent the spread of the virus among citizens. These measures to 

contain the disease have had the unintended consequence of causing collateral damage to an 

already imperfect and stressed global food system. Huizar et al. (2020) state that response to the 

pandemic has the potential to “further vulnerabilities to food insecurity, malnutrition and obesity.” 

The World Bank writes that food security during the COVID-19 pandemic is primarily affected 

by domestic food chain disruptions including food price inflation, loss of incomes and disruptions 

to inputs such as fertilizers, seeds or labor shortages, which could have a strong negative effect on 

growing seasons in the near future. The COVID-19 pandemic and the response thereafter in the 

United States has led to a “98% increase in the demand and reliance on receiving food from local 

food banks” (Feeding America, 2020) and increases in the enrollment of the Supplemental 

Nutrition Assistance Program (SNAP) (Center on Budget and Policy Priorities, 2020), formerly 

food stamps, and the Supplemental Nutrition Program for Women, Infants and Children (WIC) 

(USDA, 2020).   

 The COVID-19 pandemic has provided evidence of food security’s identity as a connected 

web of interdisciplinary research fields that is not impervious to social, political, economic and 

environmental shocks. Agriculture is not only affected by these sectors, it is necessary for the 

sustainability of these sectors and managing agriculture’s role is becoming increasingly important 

for the sustainability of modern society as a whole. There are many topics to consider when 

assessing agriculture’s ever-increasing importance as the 21st century trudges on. However, there 

are three main focal points to be addressed that will help provide context for the importance and 

necessity of researching microbial inoculants and leaf composting in agricultural production. 

These three focal points are: rising global and urban population, climate change and degrading soil 

quality. 

 The current global population hovers around 7.67 billion and the United Nations estimates 

that the world population will reach “9.7 billion in 2050 and could peak at nearly 11 billion around 

2100.” (United Nations, 2019) Rising populations are causing major issues to the American and 

global food systems as access and distribution systems become increasingly stressed (Satterthwaite, 

2010). By 2050, 68% (6.6 billion) of the world’s population is expected to live in urban settings. 

This is a substantial increase from the current level of 55% (United Nations, 2018). Figure 3.1 
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depicts the rise in global urban population from 1960-2015 based on estimates from the World 

Bank. Note that the urban population has more than quadrupled during this time from around 1 

billion in 1960 to over 4 billion in 2015 (Figure 3.1). 

 

 

Figure CHAPTER 3.1. Global urban population, 1960-2015 (World Bank) 

 

 Urban growth is projected to be the most rapid in low- and lower-middle-income nations 

(United Nations, 2018). Sustainably developing these increasingly crowded urban areas is a 

monumental task. Rapid urbanization poses a giant challenge for “sustainable, safe and nutritious 

food provisioning: food security has entered the urban agenda” (Wertheim-Heck et al., 2019). The 

poorest members of urban households are at the greatest risk of experiencing food insecurity. For 

example, low-socioeconomic urban Nepalese and Cambodian citizens have little to no access to 

nutritious foods and still can spend nearly all of their wages on food (Boonyabancha, 2019). Urban 

food insecurity among the poor has also been documented in other major cities including Hanoi, 

Vietnam (Wertheim-Heck, 2019), Cape Town, South Africa (Battersby, 2011) and New York City 

(Karnik, 2011). Not coincidentally, urban agriculture production is on the rise worldwide. 

Research shows that access to fresh fruits and vegetables for urban residents can increase with 

proper planning and management of urban agricultural endeavors (Lee Smith, 2010; Maxwell et 
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al., 1998; Alaimo et al., 2008). However, food produced in urban settings does not always directly 

lead to increased access of fruits and vegetables for urban residents. Physical proximity, cost of 

food, cost of land, cultural acceptability, and nutrition education are all barriers to accessing urban 

produced foods (Siegner, 2018).  

 Urban farm operations are also at an increased risk of producing food on contaminated 

soils as a consequence of anthropogenic pollution (De Kimpe, 2000). While Western world urban 

consumers increasingly prefer locally grown produce (Hesterman and Horan, 2017), rapid 

urbanization has catalyzed an increase in both peri-urban land prices and housing demand (Zasada, 

2011). Farmers are then forced to compete with the rising demand for housing developments. In 

the 20 years between 1992 and 2012, the United States alone lost 31 million acres of farmland to 

development, with 11 million of those acres occupying land with “superior soil conditions and 

weather for growing food” (American Farmland Trust, 2020). The American Farmland Trust 

developed the figure below (Figure 3.2) to easily visualize development on agricultural land from 

1992-2012. 

 

Figure CHAPTER 3.2. The conversion of agricultural land to urban and low-density residential 

development between 1992 and 2012. (American Farmland Trust) 
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 Climate change is also a serious issue to be dealt with by the agricultural community (Ziska, 

2016).  According to the United States government’s National Oceanic and Atmospheric 

Administration, land and ocean temperatures have increased 0.07°C (0.13°F) per decade since 

1880. Since 1981 that rate has more than doubled to 0.18°C (0.32°F) per decade (Lindsey and 

Dahlman, 2020). Temperature increases have already begun to cause significant impacts on yields 

of certain crops approaching the upper limits of their optimal temperature for growth and 

reproduction (Lobell, 2013; Peng, 2004; Zhao, 2017). Rising temperatures also favor the growth 

of tolerant weeds (Hatfield et al., 2014). In addition, rising atmospheric CO2 levels have been 

associated with “reduced protein and nitrogen content in alfalfa and soybean plants, resulting in 

loss of quality” (Hatfield, J, 2014) and a “reduction in nutritional value of most food crops” (Beach 

et al., 2019). While the “climate” portion of climate change refers to long-term meteorological 

patterns, climatologists are also observing short-term weather pattern invariability (MacDonald, 

2010; Mallakpour and Villarini, 2015; Bell, et al., 2016). Planning for future agricultural activities 

is much more difficult when both length and weather conditions of a growing season become 

increasingly unpredictable. In addition, research shows that climate change has affected the 

strength and abundance of extreme weather events (Seneviratne et al., 2012). Extreme weather 

events, such as flooding, hurricanes and drought, can dramatically harm crop yields in a growing 

season. These extreme weather events can happen in the blink of an eye. Just recently, an estimated 

43%, or 10 million acres, of corn and soybean crops were flattened in the midwestern state of Iowa 

in August of 2020 from a storm containing winds exceeding 100 mph (Cappucci, M., 2020). Figure 

3.3 depicts major dips in American corn yields from 1960-2009 and the corresponding major 

meteorological events that occurred. 
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 Nearly every sector in modern society is facing the enormous task of mitigating its 

negative effects on the environment and agriculture is no different. The Agricultural Revolution 

of the mid-1880’s led to many advances in the technology of fertilizers, pesticides, cultivation 

and breeding. Production has since made enormous leaps and bounds, especially in the post-

World War II period of 1950-1975. The Green Revolution of the late 20th century undoubtedly 

brought about technologies that increased yields of many crops to a level that could allow the 

population of certain at-risk nations like India and Mexico to grow as it has in this modern epoch 

(Pingali, 2012). But at what cost? As the old adage goes: there’s no such thing as a free lunch. 

This increase in production has not been made without tradeoffs, especially with the 

environment. The United States Environmental Protection Agency (EPA) estimates that 10.5% 

of total U.S. greenhouse gas emission and 24% of global greenhouse gas emissions are released 

by the agriculture and forestry sector (Environmental Protection Agency, 2020). Increased 

application of fertilizer and pesticides has also influenced the environment. Agricultural runoff is 

especially vulnerable to leaching nitrogen as its nitrate form is highly soluble (Sharpley et al., 

1987). Two-thirds of the Mississippi River’s nitrogen content comes from fertilizer and manure 

use on agricultural lands (Ribaudo, 2006). Consistent nitrogen loads from the Mississippi River 

have fueled large populations of algae and plankton to flourish in the Northern portion of the 

Figure CHAPTER 3.3. Extreme weather events and their effects on 

American corn yields, 1960-2009 (GlobalChange.gov) 
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Gulf of Mexico. Once these organisms die, their decay “robs the water of oxygen” leading to a 

hypoxic zone covering 7,000 square miles, or the size of New Jersey (Ribaudo, 2006; Van 

Meter, 2018).  

 Agricultural management practices also influence the environment. Increasingly intensive 

agriculture and monoculture practices, the agricultural practice of growing a single crop year 

after year on the same land, have made for an increased risk of crop damage due to pest and 

disease (Bianchi, 2006; Segoli and Rosenheim, 2012). Not coincidentally, the utilization of 

pesticides increased around ten times from 1945-1985 (Trauttman et al., n.d.). While pesticide 

application has undoubtedly protected crop loss and aided in controlling vector-borne disease, 

their widespread use has also been shown to have negative consequences on human health (Aktar 

et al., 2009; Costa, 2008), contamination of surface water (Kole et al., 2001; United States 

Geological Survey, n.d.) and rapid pest resistance (Hawkins et al., 2018; Maino et al., 2018).  

 Unfortunately, intensive agricultural practices, as well as contaminants from the industrial 

sector and urban areas, have depleted the health of soils worldwide (Kopittke, 2019; Eswaran et 

al., 2019; Jie et al., 2002). Soils not only provide short-term benefits to human populations (i.e. 

food production, fiber production, renewable energy production), they also provide long-term 

benefits (i.e. carbon dioxide sinks, flood prevention) (Kopittke, 2019). McBratney et al. (2017) 

estimated the total value of all ecosystem services provided by soils worldwide to be $11.4 trillion. 

Estimates show that “33% of soils are presently moderately to highly degraded due to erosion, 

salinization, acidification, contamination or compaction” (FAO, 2015). Other estimates show that 

“52% of agricultural land is moderately or severely affected by soil degradation” (Noel et al., 

2015). Soil degradation could reduce global food productivity by as much as 12%, leading to an 

increase in food prices by 30% (Noel et al., 2015). 

 The practices of tilling and pesticide application are especially disadvantageous for 

supporting and sustaining a soil’s organic matter content. Soil organic matter (SOM) is a vitally 

important component of the soil for a plethora of reasons. SOM “serves as a reservoir of nutrients 

for crops, provides soil aggregation, increases nutrient exchange, retains moisture, reduces 

compaction, reduces surface crusting, and increases water infiltration into soil” (USDA NRCS, 

n.d. b). SOM also supports a thriving soil microbiome that helps to detoxify contaminants and 

suppress disease-causing pathogens (Ochoa-Hueso, 2017). Conventional tilling of the soil destroys 

soil aggregation, which is “the habitat soil microorganisms depend upon to ensure critical soil 
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functions like nutrient cycling” (USDA NRCS, n.d. c) and oxidizes SOM, leading to an accelerated 

release of carbon dioxide from the soil (Al-Kaisi, 2002). In short, conventional tilling turns a soil 

from a sink to a source of atmospheric carbon pollutants (Busari et al., 2015), thereby decreasing 

soil C stocks and overall SOM (Haddaway et al., 2017). Annual pesticide application, while useful, 

also leads to decreased overall SOM (Kalia and Gosal, 2011). Living organisms in the soil suffer 

from the excessive use of fungicides (Smith et al., 2000), insecticides (Patnaik et al., 1996; Sannino 

and Gianfreda, 2001; Meena et al., 2020) and herbicides (Milosevic and Govedarica, 2002; Kremer 

and Means, 2009).  

 The rate of soil erosion worldwide far outpaces the rate at which soil is generated (Eswaran, 

2019; Kopittke, 2019). 2015 estimates show that 20-30 gigatons (1,000,000,000 tons) of soil are 

lost annually worldwide from wind erosion while around 5 gigatons of soil are lost annually to 

tillage erosion (FAO, 2015). This rate of loss is 10-1,000 faster than the rate at which soil forms 

(Kopittke, 2019). Reductions in soil volume lowers the ability for water to be stored for plant use. 

In fact, around a 4% decrease in yields results after a loss of only 10 cm of soil, largely due to its 

decreased ability to hold onto water (FAO, 2015). Soil erodes primarily in the nutrient-rich topsoil 

layer. Loss of nutrients in a soil means a farmer must increase the utilization of fertilizers to sustain 

yield levels (Kopittke, 2019). Nitrogen (N) loss is of particular importance to farmers. N fertilizers 

are the most important fertilizer in modern agriculture and their use has increased tremendously 

from 1960 to the present (Figure 3.4). 
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Figure CHAPTER 3.4. US commercial fertilizer use, 1960-2015 (USDA ERS) 

 

 N fertilizer efficiency decreases as use increases and estimates show less than half (47%) 

of the N fertilizer applied in 2010 was taken up by plants (Lassaletta et. al., 2014). Fertilizer not 

taken up by the plants often ends up leaching to undesired locations and/or acidifies the soil 

(Rengel et al., 2000).  Fertilizers are not the only mechanism through which soils become 

contaminated. Other mechanisms include: contaminated irrigation water, pesticide application, 

contaminated wastes used for land application and industrial by-products (Kopittke, 2019). 

Humans and plants are faced with an increased risk of health damage when soils become 

increasingly contaminated (Rodrigues and Romkens, 2018; Lu et al., 2015).  

 In short, agriculture is being called upon to feed more mouths, on less land that contains 

depleted soils and in increasingly challenging climatic conditions.  All the while reducing its 

greenhouse gas emissions and runoff of pollution on increasingly thin budget margins (Gloy et al., 

2015). This is a Herculean task, but not an impossible one.  

 Sometimes solutions to the world’s biggest problems are discovered by thinking small. 

Microorganisms are some of the smallest and most numerous living organisms on Earth. A soil’s 

microbiome consists of all bacteria, fungi, viruses, protozoa and archaea present. The importance 
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of the soil microbiome to plant health and food production cannot be understated. Each member 

plays a vital role in the soil’s ability to sustain “biogeochemical cycling, plant growth and carbon 

sequestration” (Dubey et al., 2019). Fungi are a particularly interesting and important group of soil 

microbes. Fungi are eukaryotic and contain membrane-bound cells with organelles like the DNA-

housing nucleus and energy-producing mitochondria. Compared to bacteria, fungi are better able 

to decompose and absorb nutrients from lignin and other harder-to-breakdown SOM (Hoorman, 

2016). This is done by their ability to secrete a mixture of digestive enzymes onto potential food 

sources and absorb the newly-soluble substrates into their cells, thus allowing them to metabolize 

contents (Druzhinina et al., 2018).  Fungi can be single-celled, like yeast, or multi-cellular. Multi-

cellular fungi grow in the form of cylindrical hyphae that are divided into separate cells. These 

hyphae intertwine with one another to form the main body of the fungus, or mycelium. These 

mycelium occupy large amounts of surface area in the soil. Mycelium produce enzymes that act 

on SOM and mineral compounds to release the nutrients and energy the fungus needs to grow 

(Riquelme et al., 2018). Others can interact directly with plant roots to help plants acquire 

resources and withstand biotic and abiotic stress. 

 Arbuscular mycorrhizal fungi (AMF) are one of the most well-studied group of fungi that 

interact with plants to positively impact their health and productivity. AMF are a specially evolved 

family of fungi of the Basidiomycota phylum that have developed a symbiotic relationship with 

over 90% of green plants worldwide over time (Asmelash et al., 2016). These plants experience 

enhanced photosynthetic rates (Birhane et al., 2012), increased water uptake and resistance to 

stresses such as drought, high salinity levels, herbivory, temperatures, metals and diseases when 

AMF are present (Abdel-Fattah et al., 2014; Asrar, 2011). In fact, up to 80% of the nitrogen and 

phosphorous taken up by plants involved in this symbiotic relationship is provided by AMF (Behie 

and Bidochka, 2013; van der Heijden et al., 2015). AMF provide these functions by forming hyphal 

networks within cortical cells of vascular roots and extending into the surrounding rhizosphere 

where they can forage for nutrients and translocate them to the root (Figure 3.5) (Begum et al., 

2019). The efficiency of nutrient scavenging by AMF depends on plant and fungus type, nutrient 

availability (Bitterlich et al., 2018) and atmospheric CO2 concentration (Maĉek, 2019). These 

variables create challenges when considering the possibility of further up-scaling commercial 

utilization of beneficial microbes like AMF to enhance agricultural productivity (Thrikell et al., 

2017). 
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Figure CHAPTER 3.5. Mycorrhizal and direct (non‐mycorrhizal) P uptake 

pathways. (Smith and Smith, 2011)  

   

Legume farmers worldwide are well aware of the symbiotic relationship between diazotrophic 

rhizobia and roots of host plants. These rhizobia biologically fix enough nitrogen to supply the 

plant with all of its N needs, thus eliminating the need for farmers to amend the soil with nitrogen 

fertilizers.  

 Agricultural scientists have been designing microbial inoculants to introduce beneficial 

microbes to plants for over 100 years. Microbial inoculants are amendments that introduce 

beneficial microbes to the roots of plants or the surrounding rhizosphere to support agricultural 

production and increase sustainability. The world’s biggest agricultural companies are 

understanding the need and the demand for microbial inoculants and millions upon millions of 

dollars are being invested into the commercialization of microbial inoculants (Wallenstein, 2017). 

These beneficial microbes provide a wide array of benefits to the plant including, but not limited 

to, plant growth, the production of phytohormones, siderophores, phosphate solubilization and 

induction of plant intrinsic systemic resistance to abiotic and biotic stress (Bhattacharyya and Jha, 

2011).  The first patent for developing microbial inoculants was awarded in 1896 and “Nitragin” 

hit the market for commercial use.  Azospirillum are another example of a commercially used 
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diazotrophic bacteria utilized to meet a plant’s N demand (Zeffa et al., 2019). By the turn of the 

century, research and investment investigating the role that microorganisms in the rhizosphere play 

led to the discoveries of the “rhizosphere effect” (Hiltner, 1904), the protection of roots against 

soil-borne pathogens (Cook et al., 1995, Weller et al., 2002) and the communication that exists 

between microorganisms and their host plant (Ryu et al., 2003, Hartmann and Schikora, 2012). 

Also discovered were tailored plant exudates of amino acids and carbohydrates to recruit specific 

and support beneficial microorganisms (Moe, 2013, Weston and Mathesius, 2013). Plants 

understand the deeply critical function that microorganisms play in their growth and well-being.  

 One important fungal genus being researched for its abilities as a biological control agent 

are Trichoderma spp. This genus of fungi is present in most soils worldwide and is often the most 

prevalent culturable fungi in soil (Herman, n.d.). Trichoderma species members are unique fungi 

in that they can acquire nutrients from other living fungi (Druzhinina, 2011), plants (Li, 2014) 

animals and even immunocompromised humans (Gautheret, 1995). They are also able to survive 

in soil as saprophytes by feeding on dead fungi and decomposing plant debris (Druzhinina, 2011). 

Similar to AMF, Trichoderma strains colonize plant roots by penetrating the outermost layers of 

the root’s epidermis and colonizing intracellular spaces, even growing between the cell wall of a 

plant cell and the plasma membrane (Yedidia et al., 1999; Nogueira-Lopez et al., 2018). Several 

hundred separate plant genes that affect protein expression are altered with root colonization of 

Trichoderma species, with the majority of altered gene expression in the shoots of colonized plants 

rather than the roots (Shoresh et al., 2010). 

 Trichoderma strains are used as biological control agents for both their direct and indirect 

mechanisms of actions. These fungi directly outcompete pathogens for space and nutrients and 

aggressively parasitize competitors through the production of hydrolytic enzymes and/or 

metabolites (Harmen, GE 2004; Vinale et al., 2008). Trichoderma genus members compete 

specifically with plant pathogenic fungi and oomycetes (Debbi et al., 2018), but predation has also 

been observed against harmful bacteria, viruses, insects and nematodes (Coppola et al., 2017; 

Elsharkawy et al., 2013). Indirectly, plants inoculated with Trichoderma trigger an increased 

defense response known as induced systemic resistance (ISR) (Moran-Diez et al., 2020; Shoresh, 

2010; Hermosa, 2012; Cordo et al., 2007), that further protects the plant from soil-borne and foliar 

pathogens. ISR is thought to be mediated by jasmonic acid (JA) and ethylene (ET) pathways 

(Ramirez-Valespino, 2019). However, this is likely to be more complex, as studies have shown 
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that Trichoderma colonizes JA-impaired Arabidopsis plants just as much as wild-type plants with 

functioning JA-producing systems (Martinez-Medina et al., 2016a). Salicylic acid (SA) pathways 

are expected to prevent certain Trichoderma species from colonizing vascular root systems 

(Alonso-Ramirez, 2014), thereby helping the plant keep the fungus in check. Interestingly, 

Trichoderma species have even been found to induce both the fast-acting SAR and ISR plant 

defense pathways when under attack from nematodes (Martinez-Medina et al., 2016b), further 

demonstrating the complexity of this plant-microbial relationship. 

 T. harzianum is one of the most important species within the Trichoderma genus for use 

as a biological control agent (Sofo et al., 2012). Mechanisms of biological control include 

chemiotropic mycoparasitic interactions with target pathogenic fungi (Sahebani and Hadavi, 2008), 

excretion of mycolytic cell wall degrading chitinases and β-1,3 glucanases, (Ferreira and Ferreira 

Filho, 2004; Harman, 2006) enhanced root growth leading to healthier plant development (Harman, 

2000; Sofo et al., 2010; Kleifeld and Chet, 1992) and ISR (De Meyer, 1998). In addition, the 

application of T. harzianum and AMF in tandem increased T. harzianum root colonization and 

abundance of AMF, as well as improving overall productivity in Arabidopsis and rapeseed plants 

(Poveda, 2019).  T-22 is a widely-used hybrid strain of T. harzianum developed by Gary Harman 

and colleagues at Cornell University in the mid-1980’s.  This strain has the ability to colonize most 

plant root systems effectively across a wide variety of soil types (Harman et al., 2004). Application 

of T-22 to Prunus genus plants during the rooting phase resulted in “greater shoot lengths, 

increased number of leaves, roots and stem diameters.” These benefits increase the likelihood that 

nursery planted material will be of high quality and viability will be retained after the acclimation 

phase (Sofo, 2010). Mature plants also reap the benefits of T-22 inoculation. Corn plants whose 

roots are colonized by T-22 strains require around 40% less nitrogen fertilizer than control plants 

without T-22 application (Harman, 2000), demonstrating that they can aide plants beyond 

biocontrol activities.  

 The universal adoption of microbial inoculants like T-22 face many obstacles. For example, 

while inoculants like T-22 are highly successful in promoting plant health under controlled settings, 

they can be much less effective, or completely ineffective, in field settings (Nicot et al., 2011; 

Nieto-Jacobo et al., 2017). One of the reasons for this inconsistency could be due to crop genotype 

or variety. The developer of the T-22 stain, Gary Harman, wrote in 2006 that “… at least in maize, 

the increased growth response is genotype specific, and some maize inbreds respond negatively to 
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some strains.” (Harman, 2006) Similar results were reported in tomato with respect to ISR against 

foliar pathogens (Tucci et al., 2010). Tucci et al., 2010 later concluded that “in the case of strains 

such as T. harzianum T-22, one of the most widely used biopesticides, there is still a substantial 

lack of knowledge on how the expected beneficial effects of Trichoderma application depend on 

the treated plant genotype.” Subsequent research from Purdue University’s Horticulture 

department confirmed that tomato genotypes vary in their ISR responses to T-22 application, and 

genetic responsiveness to Trichoderma appears to have been lost over the course of crop 

domestication (Jaiswal et al., under review). Investigation into the genetic mechanisms underlying 

these differential responses among tomato genotypes in underway. In the meantime, studies 

documenting the extent to which tomato genotype or variety can indeed influence the efficacy of 

T-22 in field settings are needed. Other factors that could influence the efficacy of microbial 

inoculants like T-22 in field setting are soil quality and availability of labile pools of SOM to help 

support the fungus in its saprophytic phase. 

 T. harzianum, and other soil fungi, are just one portion of the microbiome found in soils. 

A healthy soil microbiome is extremely diverse and composed of billions of bacteria, fungi, 

protozoa, viruses and archaea from thousands of taxa (Fierer, 2016).  The composition of microbes 

in a soil depends heavily on abiotic (i.e. nutrient levels, pH, nutrient levels, climate) factors, biotic 

(i.e. plant type) factors (Fierer and Jackson, 2006; Penton et al., 2014; Fierer, 2016) and soil 

management practices such as tillage.  Fungi are vitally crucial to the maintenance of a healthy, 

functional soil. While bacteria make up the largest portion of a soil’s microbiome by number, fungi 

make up the largest portion of soil biomass in undisturbed soils (Hoorman and Islam, 2010). Fungi 

are especially susceptible to depletion from cultivation as their hyphae are large enough to be torn 

apart, thus destroying mycelium (Reid et al., 2013). Since most soil fungi are primarily saprophytes, 

they are also dependent on the availability of fresh supplies of decomposable organic materials. 

 Amending soils with fresh organic matter is critical to maintaining the health and 

productivity of soils in agricultural systems. Fresh supplies of SOM are critical for supporting soil 

macro- and microfauna that provide critical agroecosystem services. These fresh supplies of 

organic materials can also provide nutrients for plants following decomposition by the soil 

microbial communities. The carbon (C) and nitrogen (N) ratio of these organic materials is an 

important consideration as this can affect the rate at which microbes are able to decompose these 

materials and release nutrients for plant uptake. For example, C:N ratios between 1 and 15 release 
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nutrients like nitrogen relatively quickly, though this can also lead to N loss via leaching and/or 

evolution of nitrous oxide gas if N supplies are not linked with critical periods of N uptake 

(Hoagland et al., 2008; Rudisill et al., 2015). Ratios between 20 and 30 represent an equilibrium 

state between mineralization and immobilization. Immobilization is a state in which nutrients like 

N are taken up in their mineral form by microorganisms and therefore become unavailable to plants. 

Tying up nutrients like N in this manner can lead to severe crop nutrient deficiencies.  

Immobilization dominates at C;N ratios above 35 (Brust, 2019). For this reason, the USDA’s 

Natural Resources Conservation Service (NRCS) recommends feeding the soil with organic 

materials containing a C:N ratio of around 24:1. Alfalfa hay’s ratio of 25:1 makes it an ideal 

amendment (USDA NRCS, 2011). Excess application of organic materials with higher C:N ratios 

hinder mineralization and suppress plant growth and productivity (Mahal et al, 2019).   

 The C:N ratio of fungal organisms averages between 7:1 and 25:1 due to the chitin and 

melanin chemical composition of their cell walls (Scow, 1997). In contrast, bacterial cell walls are 

made of peptidoglycan phospholipids and are comparably more energy-rich., resulting in lower 

C:N ratios, averaging around 5:1-7:1. Therefore, soil fungi require less C relative to N than bacteria, 

and fungi are better equipped to decompose organic materials that have high C:N ratios due to 

their ability to secrete complex enzymes. Also, soil fungi are more tolerant of acidic conditions 

compared to bacteria, which can be influenced by the C:N ratio of organic materials (Hogberg et 

al., 2006).  

 Amending soils with compost is one way to supply fresh organic materials and support the 

health of soil and the microbes that thrive within soils and plants. Composting is the process of 

“creating humuslike organic materials by aerobic decomposition outside the soil (Brayd & Weil, 

2010). Deciduous leaves are a popular composted material in urban environments as they are 

available on the lawns of many households during autumn months in the United States. 

Municipalities also collect leaves from trees in city parks and ornamental trees interspersed 

throughout the city, such as along roadsides. Trees planted in urban settings provide many more 

benefits to the local community than simply aesthetic beauty. They reduce carbon emissions, 

regulate water flow and can filter urban pollutants. In addition, they can provide fruits, nuts and 

leaves to the local community (FAO, 2016). Fallen leaves are an especially important by-product 

of tree planting because they make up the largest amount of compostable organic material in urban 

settings. In fact, the Rodale Book of Composting notes that “the leaves of most trees contain twice 
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the mineral content of manure” (Gershuny and Martin, 2018).  The deep, extensive root system of 

trees use capillary action to transfer minerals deep within the soil to the leaves (Greater Victoria 

Compost Education Centre, n.d.). While leaf compost may contain smaller quantities of nutrients 

compared to conventional fertilizers, it contains many growth-promoting enzymes and hormones 

that commercial fertilizers do not (Naikwade, 2014).  

 Brown organic wastes, like dead leaves, act as bulking agents and are the preferred 

compostable material of fungi due to their high C:N content. Most compost recipes call for 

nitrogen-rich green organic wastes, like grass clippings, to be added to the carbon-rich brown 

organic material to create a more balanced compost. Nitrogen-rich organic wastes decrease the 

C:N ratio considerably, providing energy for bacterial decomposers, which results in a finished 

compost that will have a lower C:N ratio. However, farmers and gardeners alike can choose to 

leave out the nitrogen-rich greens and produce a compost with a higher C:N ratio (Travis, 2017). 

The average C:N ratio of compostable leaves is 60:1. Leaves in the early stage of decomposition 

are also quite acidic, with pH levels at or below 6, depending on the tree (Cornelissen et al., 2010). 

Farmers and gardeners can develop a further specialized material known as ‘leaf mold compost’ 

by forgoing the turning process meant to increase aeration and heat during traditional composting 

processes. In this case, organic materials are decomposed more slowly, using a cooler fungal-

driven process resulting in a material with a higher fungal to bacterial ratio. Composts with higher 

fungal to bacterial ratios are expected to impart greater biocontrol activities against pathogens 

(Bonanomi et al., 2018). In addition, by forgoing the addition of “greens”, as well as animal wastes 

that are commonly included as a feedstock during compost generation, composts with lower ratios 

of phosphorus (P) relative to N can also be generated. When farmers rely exclusively on organic 

amendments like compost to supply nutrients, particularly N, soils can become enriched in P, 

which can negatively interfere with plant uptake of other critical nutrients like calcium and lead to 

water quality problems, such as eutrophication (Rudisill et al., 2016). 

 Compost provides many benefits to the soil but arguably the most important is its ability 

to replenish SOM which, as a reminder, is “the fraction of the soil that consists of plant or animal 

tissue in various states of breakdown” (Cornell Soil Organic Matter, n.d.). OM is made up of three 

parts: 1) plant residues and living microbial biomass, 2) detritus, or active soil organic matter and 

3) humus, which is stable decomposed plant and animal tissue (Cornell Soil Organic Matter, n.d.). 

The first and second components of SOM can contribute to a plant’s fertility needs. On average, 
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for every 1% increase in OM, 10-40 lb N, 4-7 lb P and 2-3 lb S are released by the soil each 

summer and are therefore available for plant uptake (Brady & Weil, 2009; University of 

Massachusetts Extension, n.d). The third fraction is stable and have been thoroughly processed by 

soil microbes. This fraction contributes to the soils’ cation exchange capacity (CEC), and therefore 

directly affects the soils’ ability to retain nutrients. All fractions are critical for maintaining 

aggregate stability and soil tilth, which creates pores for water, air and root movement. Once soils 

are cultivated, SOM pools are depleted over time and must be replenished to maintain the health 

of soils and productivity of agricultural systems. However, conventional farming methods rarely 

maintain the recommended OM level of 3-6% (USDA NRCS,  n.d. a). With their high C:N ratio 

and high organic matter content, leaf mold composts could help reverse the trend. 

 Another benefit of the leaf mold compost is its capacity to retain 300-500% of their weight 

in water, thus reducing irrigation needs in agricultural systems (Gershuny and Martin, 2018). Rich, 

healthy topsoil is only able to hold 60% of its weight in water.  Marais et al. (2012) said that, 

“statistical analyses showed that soil moisture had an over-riding effect on seasonal fluctuations 

in soil physicochemical and microbial populations.” Leaf composted plots also show 

improvements in overall crop yield (Naikwade, 2014) and less year-to-year variation in yields 

(Maynard and Hill, 2000). Leaf mold composts add much needed aggregation to the structure of 

the soil. Well-aggregated soil provides housing options for microbes. Leaf compost’s high C:N 

ratio and ability to increase soil aggregation are also expected to promote the growth of microbial 

antagonists in soil, such as Trichoderma harzianum (Abdel-Kader et al., 2013; Maynard, A. A., &; 

Hill, D. E., 2000). Urban agriculture operations, and fungal communities, can benefit tremendously 

from composting these fallen leaves and utilizing them on their operations.  

3.2 Methodology 

3.2.1 Research Justification and Objectives 

 Interest in urban agriculture is growing rapidly due to its potential to help address food 

insecurity, restore blighted neighborhood and connect communities, among other benefits. Soils 

in urban systems are often severely degraded, however, and they can be contaminated by heavy 

metals due to local industries, past use of leaded gasoline and lead paint. Most urban growers 

prefer to use organic production practices due to concerns over the negative health impacts of 
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pesticides, as well as logistical challenges associated with using pesticides in the city. As a result, 

vegetable growers often struggle to manage pests. Tomatoes are one of the most popular crops 

grown in urban agricultural systems in the Midwest U.S.  In a recent survey, organic tomato 

growers reported that diseases caused by pathogens were their greatest production challenge 

(Hoagland et al., 2015).  

 The primary goal of this study was to determine if amending a degraded urban soil with 

leaf mold compost could improve soil health and increase the productivity and potential for tomato 

plants to withstand disease pressure. Next, we aimed to determine whether inoculating tomato 

transplants with T. harzianum T-22 could help the tomato plants withstand abiotic stress imposed 

after transplanting in the field. Third, we aimed to determine if the presence of a leaf mold compost 

provided better support for the survival and potential of the T-22 community as it enhanced tomato 

plant growth and helped the plants fight pathogens that cause disease. Finally, we wanted to test 

the hypothesis that the survival and efficacy of T-22 inoculants in the field can be influenced by 

tomato genotype. 

3.2.2 Field Site 

 This study was conducted at Purdue University’s Student Farm which is located on the 

northernmost side of campus in West Lafayette, Indiana, and surrounding by golf courses and 

residential neighborhoods. Soils at this site are classified as part of the Starks-Fincastle Complex, 

which typically have poor drainage and high concentrations of SOM (NRCS, Web Soil Survey). 

The land was privately farmed prior to being purchased by Purdue during 2016. The previous 

owner grew corn and soybean crops by way of conventional farming methods, including frequent 

tillage for many years. The student farm was established during 2016-17. During establishment, 

drainage tiles were installed to facilitate better drainage and the soils were further disturbed during 

construction of roads and other infrastructure at the farm.  

 The field trial described here was initially conducted during summer 2019 and repeated 

during summer 2020 on adjacent plots of land located in the northeastern part of the farm (see 

Figure 3.6). These plots have been managed by the Hoagland Lab using certified organic practices 

since 2017, which has included incorporation of winter and summer crops to help restore soil 

health in these plots.  The location for the 2019 field trial is highlighted in red while the 2020 field 

trial is highlighted in yellow. Both plots had previously been planted with a winter cover crop 
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mixture using untreated seed of winter rye, field peas, ryegrass, crimson clover, and hairy 

vetch that was mowed and disked into the soil approximately four weeks before establishment 

of the field trials described below. During the previous summer crop season, each plot had 

been planted with a summer cover crop of sorghum-sudangrass, and the year prior, a mixture 

of carrot genotypes.  Laboratory tests were conducted in the Hoagland lab of the Horticulture 

building located at 625 Agriculture Mall Dr., West Lafayette, IN 47907.  

 

 

Figure CHAPTER 3.6. Google Maps image of the 2019 & 2020 field plots 

3.2.3 Experimental Design 

 The field trial was established as a split-plot design with three levels (see figure 3.7). First, 

the entire 36’ x 110’ plot area was divided into large, 10’ X 18’ plots representing compost or 

control (no soil amendment) treatments established in a randomized block design with four 

replications to help minimize the effects of variability within the larger plot area. Next, each of 
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these larger plots was split, with one row of tomato plants receiving the T-22 inoculant and the 

other half treated with a sterile water control. Finally, within each row, two commercial varieties 

of tomatoes were planted: Corbarino and Wisconsin 55, each with 6 plants.  

 

4'          

Row 4 
G1 G1 

  
G2 G2 9' 

 Each plot has 6 

tomato plants 

G2 G2 G1 G1 9'    

10 ' T W  W T   Yellow = Compost 

Row 3 
G2 G2 

  
G2 G1 9' White = control 

G1 G1 G1 G2 9'    

10 ' T W  T W  

 T - Trichoderma 

drench 

Row 2 
G1 G2 

  
G1 G2 9' W - Water drench 

G2 G1 G2 G1 9'    

10 ' W T  T W   G1 - W55 

Row 1 
G1 G1 

  
G2 G1 9' G2 - Corborino 

G2 G2 G1 G2 9'    
4' T W   W T     
3' 5' 5' 10' 5' 5' 3'    

Figure CHAPTER 3.7. Overhead schematic of tomato field trial 
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Figure CHAPTER 3.8. Looking west with row 1 closest to the camera 

 

Table CHAPTER 3.1. Experimental treatment groups 

Variety Inoculation Compost 

1. Wisconsin 55 No No 

2. Wisconsin 55 No Yes 

3. Wisconsin 55 Yes No 

4. Wisconsin 55 Yes Yes 

5. Corbarino No No 

6. Corbarino No Yes 

7. Corbarino Yes No 

8. Corbarino Yes Yes 
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3.2.4 Leaf Mold Compost 

 The leaf mold compost was produced by local farmer Dan Perkins of Perkins’ Good Earth 

Farm in Jasper County Indiana (https://perkinsgoodearthfarm.com/). Mr. Perkins receives 80-90 

dump truck loads of municipal leaves from the nearby town of Demotte, Indiana. These shipments 

are dumped in windrows at Mr. Perkins farm. 90% of these shipments are leaves, with the 

remaining 10% being grass clippings. A cold composting process is utilized to ensure that the 

process is driven by primarily fungal species. Leaves are left alone most of the year but are turned 

once or twice within the windrows using a backhoe to help keep the process moving. The leaf 

compost is tarped for weeks during mid-summer to kill any weeds that may be growing and to 

ensure that weed seeds do not incorporate into the compost by way of wind or animal activity. 

Below is the finished product. 

 

  

Figure CHAPTER 3.9. Three year old leaf compost 

 

 Leaf compost from Mr. Perkins’ farm was delivered to the Purdue University student farm 

each spring for use in the field trial. A representative subsample of the leaf mold compost was 

collected each spring and sent to Midwest Labs in Omaha, NE (https://midwestlabs.com/) for a 

https://perkinsgoodearthfarm.com/
https://midwestlabs.com/
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compost analysis conducted using standard laboratory practices (see Tables 3.2 and 3.3). The 

compost was also sent to a soil test lab at Loyola University in Chicago, IL 

(https://www.luc.edu/healthyhomes/toxins/leadheavymetals/) during 2019 and to Midwest Labs in 

2020 to test for the presence of heavy metal contaminants since this could be a potential issue with 

composts developed using urban waste streams (see Table 3.4). In fact, inorganic contaminants 

such as heavy metals are not destroyed by the composting process (Brady and Weil, 2009). Results 

indicated that the composts did not contain any heavy metals at levels that would be considered 

unsafe for plants or humans by the EPA or New York State Department of Environmental 

Conservation standards (see table 3.4). 

 

Table CHAPTER 3.2. Midwest Laboratories compost nutrient analyses for 2019 and 2020 (lb 

per ton) 

Year Organic 

N 

Nitrate 

N 

P K S Ca Mg Fe Mn 

2019 17.8 0.6 2.2 3.0 2.0 27.6 5.0 4.6 0.3 

2020 17.2 0.4 2.4 4.4 2.6 42.2 8.4 3.0 0.3 

 

Table CHAPTER 3.3. Midwest Laboratory compost properties analyses for 2019 and 2020 (lb 

per ton) 

 

Year 
C:N ratio pH Chloride Organic Matter 

2019 13:1 7.0 < 0.01 758.0 

2020 13:1 6.9 < 0.01 458.0 

 

Table CHAPTER 3.4. Heavy metal test results from Loyola University (2019) & Midwest 

laboratories (2020) 

Year 

 

As 

 

Cd 

 

Cr 

 

Cu 

 

Ni 

 

Pb 

 

Zn 

2019 1.36 0.22 1.92 10.91 1.21 1.26 33.3 

2020 n.d. n.d. 4.24 11.8 2.5 5.4 68.4 

EPA Standard N/A < 78 < 230 < 2900 < 1600 < 400 < 23000 

3.2.5 Preparation of Trichoderma harzianum T-22 inoculant 

 The initial Trichoderma harzianum T-22 fungal isolate was obtained from Bioworks, Inc., 

a company founded by Dr. Gary Harman at Cornell University, and is kept in the Hoagland 

https://www.luc.edu/healthyhomes/toxins/leadheavymetals/
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Research Lab in the Department of Horticulture and Landscape Architecture at -80C until needed 

for research purposes. Petri plates containing potato dextrose agar (PDA) were prepared to 

facilitate T. harzianum growth in the laboratory. The recipe includes: 39 g PDA and 0.25 g of the 

antibiotic chloramphenicol for every 1L of distilled water. This solution is autoclaved to ensure 

that microbial growth does not contaminate the solution. Over the span of a few minutes, this 

solution begins to gel and harden at room temperature. Microwaving the gelatinous mass for 6 

minutes in a standard microwave melts the solution into a liquid solution once again. At this point, 

roughly ½ in. layers of the solution are poured into standard plastic agar plates. Agar plugs of the 

T. harzianum isolate frozen in glycerol stock and stored in the -80ºC freezer were placed in the 

center of the agar plates once the growing medium has solidified and dried. The fungus was then 

allowed to grow for five days whereby fungal growths begin to congregate near the edge of the 

plate. At the five-day mark, more PDA was heated and poured into plates. A 15 mm cork-borer 

was then used to punch holes into the five-day old agar plates, and these plugs were placed in the 

center of fresh PDA plates. These plates were then placed in a plastic container at ambient 

conditions where they were allowed to mature for 10-12 days. During this maturation time, the 

fungal mycelia spread and begins to produce conidia (asexual spores). Once matured, 20ml of 

distilled water was added to each agar plate to gently scrape off the fungal conidia into a solution. 

The solution was poured into a 1L laboratory flask that was covered with cheese cloth folded over 

three times to permit passing of conidial spores and remove hyphal fragments. The final solution 

inside of the flask should contain two parts distilled water for every part of T. harzianum conidial 

spore suspension in the infused distilled water. For example, if ten agar plates were cleaned using 

20ml distilled water per plate, the flask should contain 200ml of a distilled water and Trichoderma 

harzianum conidial spore solution. 400 mL of clean distilled water should then be added to the 

200ml solution to dilute the sample. Finally, subsamples of this solution are viewed under the 

microscope and the concentration of conidia in the solution is determined using a hemocytometer. 

The solution is then diluted to a final concentration of 107 conidial spores per ml distilled water, 

and inoculated onto the base of tomato plants as a ”Trichoderma drench”. 

3.2.6 Tomato Growth Schedule 

 Untreated tomato seeds of the varieties Corbarino and Wisconsin 55 were sewn into one of 

four 72 cell trays filled with Berger® BM2 potting mix. Two trays were planted with Corbarino 
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variety tomatoes, while the other two trays were planted with Wisconsin 55. These trays were 

placed in the Horticulture department’s propagation room within in its greenhouse and were 

allowed to germinate and establish for 1-2 weeks. Trays were then placed in the greenhouse bay 

assigned to the Hoagland lab. Tomato plants were fertigated once a day or as needed to prevent 

oversaturation. Seedlings were thinned to ensure that only one tomato plant per cell grew. At this 

point, one tray containing each variety received a 1ml T. harzianum drench around the base of the 

emerged plant, while the remaining two trays received a sterile water control treatment. The four 

trays of tomato plants were removed from the greenhouse and placed outdoors in the shade to 

acclimate to the outdoor environment prior to transplanting in the field. The treatment group 

received a 20 ml fungal drench the day they were planted in the field and a final 20 mL around 50 

days after the previous inoculation. Table 3.5 reports important dates for the growth schedules of 

2019 and 2020. 

 

Table CHAPTER 3.5. Important tomato growth dates 

Event 2019 2020 

Sewing April 23rd April 16th 

Tomato plants moved from propagation room 

to regular greenhouse room 

May 1st April 30th 

Received 1st fungal inoculation (1mL) May 16th May 2nd 

Tomato plants moved from greenhouse to 

acclimate outdoors 

June 14th May 23rd 

Tomato plants planted into the ground June 18th June 3rd 

Received 2nd fungal inoculation (20mL) June 18th June 3rd 

Received 3rd fungal inoculation (20mL) July 30th  July 25th 

3.2.7 Field Trial Establishment and Management 

 Prior to leaf compost incorporation, the research plot was tilled and Re-Vita Pro™ 5-4-5 

granular heat-treated chicken manure was applied to the field as a fertilizer. The rate targeted for 

the fertilizer application was 185 lbs of total product per acre. This rate was developed considering 
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that nutrient needs of the tomato crop and the expectation that additional nutrients would be 

derived from the leguminous cover crop planted the previous winter, and residual contributions 

from organic fertilizers applied during previous years. Since the release of nutrients from stable 

composts is generally quite low (average of 10-20% during the application year), the leaf mold 

compost used in this study was only expected to supply limited nutrients to the tomato crop. 

After the plots had been fertilized, a 3 in. layer of leaf compost was applied to the four 

large compost sections. The composts were incorporated using a walk-behind rototiller in 2019 

(BCS) and a tractor with a roto tiller attachment in 2020. After rototilling, four rows of raised beds 

with drip tape irrigation line covered in black biodegradable plastic were created using a Rain-Flo 

Raised Bed Plastic Mulch Mini Layer implement. Finally, untreated cover crop seed (Dutch white 

clover and annual rye) was planted by hand in between the subplots, and between the plot rows to 

stabilize and protect soils in the walkways between tomato rows and the non-plot areas. 

Tomato plants were irrigated utilizing drip tape as needed to ensure that the soil did not 

become too dry. There was no set irrigation schedule. Pesticides of any sort were not used to 

control insects in the plots. However, tomato plants were visually inspected for devastating damage 

from the tomato hornworm, Manduca quinquemaculata. This pest commonly attacks plants of the 

Solanaceae family, of which tomatoes are members. Damage from tomato hornworm was minor 

in 2019 and virtually non-existent during the 2020 season. One mature tomato hornworm was 

captured and removed from a tomato plant during the 2019 season and none were removed during 

the 2020 season.  

 Tomato plants were allowed to run roughshod as they were not pruned during the growing 

season. Pruning is a well-known method to reduce disease incidence, particularly early blight. One 

objective of this experiment was to discover the differences in disease suppression in the different 

treatment groups. Disease-causing pathogens were allowed better contact with plants because of 

our decision not to prune. This was done so that differences in disease incidence had the 

opportunity to be more pronounced and to reduce the variables responsible for variations in disease 

severity. No pesticides were applied to control diseases either. 

3.2.8 Soil Testing 

 Eight random soil cores were collected to a depth of 6” using a 10-cm soil probe in each 

large plot area prior to establishment of the field trials in each year. Individual soil cores from each 
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large plot were pooled, brought back to the lab on ice and air-dried. The soil samples were sent to 

Midwest Labs for a standard soil test to obtain baseline information of chemical properties for 

each trial. The standard soil tested included assessment of the total soil organic matter (%), P1 

(Weak Bray), P2 (Strong Bray), Potassium (K), Magnesium (Mg), Calcium (Ca), pH and cation 

exchange capacity using standard practices. P1 (Weak Bray) values indicate approximately how 

much phosphorous is available in the soil and P2 (Strong Bray) values indicate total soil 

phosphorous (see Table 3.7). During 2019, soils from both plot sites were sent to Loyola 

University for heavy metal testing and results indicated that the plots did not contain heavy metals 

at levels considered unsafe for plants or people. Heavy metal testing in soils is recommended about 

as often as they are usually tested for fertility, which is generally around once every three years 

(Johns Hopkins Center for a Livable Future, n.d.), so the test was not repeated in 2020. 

 Approximately 19 days after the field trials were established, 10 random soil cores were 

collected within each of the larger compost or no amendment control treatments, pooled and 

brought to the laboratory on ice for several soil health assays described below. Subsamples for 

biological analyses were held at 4C until analysis and some of the soil was air-dried prior to 

processing depending on the assay performed. 

Fluorescein diacetate (FDA) hydrolytic assay 

 The soil microbiome is an ever-increasing topic of research as scientists begin to 

understand the effects of a thriving microbial ecosystem as it pertains to plant growth and fruit 

production. Quantifying the activity of microbes in the soil is of particular interest as this provides 

a general measure of organic matter turnover in natural habitats. Nearly 90% of the energy in the 

soil environment passes through microbial decomposers (Heal and Mclean, 1975). Soil microbial 

activity can also be an important indicator for the potential disease suppressive activity of soils.  

One method to quantify soil microbial activity is the fluorescein diacetate enzyme assay (Green et 

al., 2006). Fluorescein diacetate [3’,6’-diacetylfluorescein (FDA)] is a colorless compound that is 

added to soil before being hydrolyzed, or broken down, by various microbial enzymes (Brunius, 

1980; Lundgren, 1981; Schnürer and Rosswall, 1982).  These include proteases, lipases and 

esterases. The reaction equation is: 
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 As seen from figure 3.10, fluorescein is the product of the enzymatic reaction. Thus, 

fluorescein abundance gives an estimate of the total microbial activity of a soil’s microbiome. 

Fluorescein is a fluorescent yellow-green compound and can be measured by spectrophotometry 

(Swisher and Carrol, 1980, Schnürer and Rosswall, 1982). 

 The protocol for this assay was developed by Green et al. (2006) from Purdue University’s 

Department of Agronomy. Reagents for the FDA hydrolysis assay include: acetone, a 60 mM 

sodium phosphate buffer, 4.5 mM FDA stock solution and fluorescein standard stock solution. To 

conduct the assay, 1g samples of air-dried soil is sieved through a 2mm sieve before being placed 

in a 125 mL Erlenmeyer flask. The assays was performed in triplicate for each soil sample, along 

with one soil blank and one reagent blank with no soil giving 33 flasks in total. 50 mL of the 60 

mM sodium phosphate buffer and 0.50 mL of the 4.8 mM FDA stock solution were added to the 

soil in the 125 mL Erlenmeyer flask. The solution was swirled for a few seconds and incubated at 

37ºC for three hours. 2 mL of acetone was added to terminate the hydrolysis of FDA once the 

three-hour period is complete. 30 mL of this solution was added to a 50 mL centrifuge tube and 

centrifuged at 4700 RPM for 5 min. The supernatant was filtered through Whatman No. 2 filter 

paper. Fluorescein standards of 30, 100, 300, and 500 µL were used to generate a calibration curve.  

All reactions were quantified using a microplate spectrophotometer (BioTek) at 490 nm. The 

calibration curve gives a linear regression equation in the form y=mx+b. The y-axis of the soil 

samples is the following equation: 

 y=OD490 (soil samples) - OD490 (soil blank) - OD490 (reagent blank) 

This y value was plugged into the calibration curves linear regression equation. “x” is the only 

unsolved variable in the equation and represents the mg of fluorescein per gram of dry soil. Plug 

Figure CHAPTER 3.10. FDA reaction equation (Green et al., 2015) 
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the value of y into the equation, and you are given the value of x which is mg of fluorescein/g dry 

soil. 

Soil permanganate oxidizable carbon (POXC) quantification 

 Carbon (C) levels in a soil sample provide a useful estimation of SOM as C is the primary 

element that makes up organic matter. Quantifying “labile” or “active” soil carbon is necessary to 

capture the biologically active C fraction of SOM. Labile or active soil carbon is the mineralizable 

element that is associated with short-term fertility (Calderon et al., 2017). In other words, this is 

the portion of organic matter actively involved in the process of nutrient cycling in the soil. Cycling 

allows nutrients to become available to growing crops. Labile or active soil carbon is also the 

fraction of SOM that supports the diversity and activity of soil microbes that perform diverse 

functions from nutrient cycling to disease suppressive activity. Finally, while total SOM is very 

slow to change, and therefore is generally not useful in quantifying the effects of management 

practices on soil health, active or labile fractions change more quickly and therefore serve as a 

better indicator. Permanganate oxidizable carbon (POXC) is a commonly used method to measure 

active C in a soil sample.  

 The protocol for the POXC soil assay was developed by Weil et al., (2003). Three reagents 

are needed to complete this test: reagent grade potassium permanganate, reagent grade calcium 

chloride, dehydrate and a pulverized, homogenized soil standard used as a laboratory reference. A 

0.2 M KMnO4 stock solution is also prepared. The laboratory assay was performed in triplicate, 

along with a triplicate of the soil standard and a reagent blank. 2.5 g of air-dried soil was placed 

into 50 mL centrifuge tubes. 18 mL of deionized water was added to each tube, along with 2 mL 

of 0.2 M KMnO4 stock solution. Samples were placed on a shaker for two minutes at a speed of 

120 rpm where they were then removed and placed in a dark setting for ten minutes while the 

reaction occurred. 0.5 mL supernatant is pipetted into 49.5 mL of deionized water. These were the 

final sample solutions for analysis. Standard stock solutions of KMnO4 at concentrations 0.005, 

0.010, 0.015 and 0.020 M were prepared to create a standard curve. Absorbance levels were 

measured by spectrophotometry on a Biotek spectrophotometer at 550 nm. The following equation 

was used to determine POXC levels:  
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 POXC (mg kg-1 soil) = [0.02 mol/ L - (a + b × Abs)] × (9000 mg C/ mol) × (0.02 L 

solution/ Wt) 

 a = intercept of the standard curve, b = slope of the standard curve. 

 

 The amount of carbon oxidized is a function of the quantity of permanganate reduced. This 

means that increased POXC values corresponds to lower absorbance levels. 

Inorganic soil nitrogen tests 

 Nitrogen (N) is widely considered the most limiting and therefore critical element for plant 

growth and productivity. The N cycle is the route that N flows into and out of the soil system. N 

exists in the soil in many different forms within the N cycle. These forms can interchange quite 

easily from one another. Biological processes, climatic conditions and anthropogenic activity all 

affect the N cycle, though specialized soil microbes are the main driver. N sources must be 

converted into the inorganic forms of ammonium (NH4+) or nitrate (NO3-) before they are 

considered available for uptake by plants (University of Minnesota Extension, n.d.). Plant residue, 

especially from legumes, contains complex organic forms of N that must mineralize into inorganic 

forms before they are available for plant uptake and use. SOM is another major source of N taken 

up by crops. For each percent of organic matter, approximately one ton of N in organic forms 

exists. The release of inorganic N is quite slow and each percent of organic matter releases around 

20 pounds of available N acre-1 year-1. Quantifying inorganic N levels in a soil is important for 

estimating nitrogen fertilizer application rates and, when analyzed in conjunction with SOM 

percentages, can give an indication of a soil microbiome’s mineralization efficiency. 

 Inorganic N species in the soils were quantified using KCl extractions in duplicate. Soils 

were separated through a 2 mm sieve and 5 g of each sample were place into a 50 mL tube. 12.5 

ml of 1M KCl was added to each tube. The tubes were shaken vigorously and then placed 

horizontally in a shaker at 250-300 rpm for 30 minutes. This solution was shaken vigorously again 

and immediately filtered through Whatman No. 2 paper and the supernatant was placed into 15 

mL centrifuge tubes. These samples were taken to the lab of Niki de Armond in the Lilly Hall of 

Life Sciences located at 915 West State Street, West Lafayette, IN 47907. At this stage, research 

technician de Armond quantified the amount of nitrate, nitrite and ammonia for each sample by 

running the samples on a SEAL discrete analyzer (https://www.seal-

https://www.seal-analytical.com/Home/tabid/127/language/en-US/Default.aspx
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analytical.com/Home/tabid/127/language/en-US/Default.aspx) which quantified these compounds 

based on their potential to fluoresce at certain wavelengths. 

3.2.9 Survival of the T-22 microbial inoculant 

 Approximately 11 days after the final T. harzianum inoculation was administered to 

treatment plants, soil samples were collected to a depth of 0-20 cm using a 10 cm diameter probe 

at the base of tomato plants within each individual tomato X inoculant X soil amendment treatment 

(32 samples total). The goal was to obtain soil as close to the roots as possible so this could 

conceivably represent the rhizosphere (area immediately adjacent to and influenced by the root), 

without harming the roots. Four cores were taken within each plot containing 6 tomato plants, and 

the individual cores were pooled in each sample and transferred to the lab on ice where they were 

stored at 4°C until analysis. 

Polymerase chain reaction (PCR) 

 Polymerase chain reaction (PCR) is a technique used to amplify target segments of DNA. 

Analyzing pieces of DNA requires enormous amounts of product so fragments must be amplified 

using PCR. In this case, PCR was conducted to determine whether T. harzianum species were 

present in the rhizosphere of all 32 treatment samples, random treatment samples, solely inoculated 

samples or no samples. To conduct PCR assays, DNA was extracted from each soil sample in 

duplicate using a DNeasy PowerSoil Extraction Kit (Qiagen) following the manufacturer’s 

instructions. Briefly, 0.5 g soil samples were placed in a 2ml tube with an extractant and beads, 

placed in a tissue homogenizer to lyze microbe cells, and then subject to multiple filter steps to 

clean and concentration the DNA. The quality and quantity of the DNA was determined using a 

NanoDrop spectrotometer and samples were diluted to a consistent concentration (10 ng/ml) 

before being stored at -20°C before analysis. DNA extracted from soil samples was prepped for 

PCR by pipetting the DNA and other reactions into PCR-specific Eppendorf tubes. The reaction 

mixture for each PCR reaction is depicted below (see Table 3.6). PCR reactions were conducted 

using a Biorad T100 Thermocycler. 

  

https://www.seal-analytical.com/Home/tabid/127/language/en-US/Default.aspx
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Table CHAPTER 3.6. Reaction mixture for polymerase chain reaction (PCR) 

Ingredient Amount (µL) 

Master Mix® 12.5 

Forward Primer (10 µM) 1.25 

Reverse Primer (10 µM) 1.25 

DNA (10 ng/µL) 1.5 

Nuclease Free Water 8.5 

Total 25 

  

 Once the reaction mixture finished in the thermal cycler, samples were loaded into 

electrophoresis gel wells. Gels are formed by the mixture of 100 mL TAE buffer, and 1.5 g agarose, 

microwaving for 1.5 min. and 10 µL R2 stain. A mixture of 1 µL of comassie blue dye and 3 µL 

of the post-PCR mixture were loaded into individual PCR wells. Gel electrophoresis was allowed 

to run for 30 min. at a level of 100 V. Afterward, gels were analyzed using UV light imaging to 

observe which samples contained T. harzianum organisms and which did not. 

Quantitative polymerase chain reaction (qPCR) 

 Real time PCR, or quantitative PCR (qPCR), is a modern method for quantification, 

detection and typing of different microbial DNA (Kralik and Ricchi, 2017). qPCR is called real 

time PCR because it allows measurements to be taken after each cycle to calculate the momentary 

quantity of amplification based on fluorescence signal detection. Early cycles do not detect DNA 

as the quantity is below the threshold for detectability. The cycle at which fluorescence intensity 

is detectable corresponds proportionally to the initial number of template DNA molecules in the 

sample (Kralik and Ricchi, 2017). In other words, qPCR was utilized to quantify the amount of T. 

harzianum DNA in each of the 32 treatment samples to identify whether inoculation treatments, 

compost treatments and/or tomato genotype significantly affected T. harzianum survival and 

abundance rates. Below is the qPCR reaction mixture (Table 3.7). 
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Table CHAPTER 3.7. Reaction mixture for quantitative polymerase chain reaction (qPCR) 

Ingredient Amount (µL) 

SYBR Green Master Mix® 7.5 

Forward Primer 0.2 

Reverse Primer 0.2 

DNA 4 

Nuclease Free Water 3.1 

Total 15 

Plate counts to quantify T-22 

 Soil samples were plated onto selective media for Trichoderma in petri plates. All 

ingredients except Captan were mixed with DI water and autoclaved. While autoclaving, a stock 

solution containing 0.2g Captan in 10 mL autoclaved water was made. 1 mL of this stock solution 

is added for every L of selective media after autoclaving. Below is the recipe for the Trichoderma 

media (Table 3.8). 

 

Table CHAPTER 3.8. Reaction mixture for Trichoderma selective media (TSM) 

Ingredient Amount (g/L) 

Magnesium Sulfate 0.2 

Dibasic Dipotassium Phosphate 0.9 

Potassium Chloride 0.15 

Ammonium Nitrate 1.0 

Glucose 3.0 

Chloramphenicol 0.25 

Rose Bengal 0.15 

Agar 20 

100% Dexon 0.18 

Pentachloronitrobenzene 0.16 

50% Captan 0.02 

 

 The assays were conducted in triplicate for each soil sample. Prior to plating the soils, they 

needed to be rehydrated in order to activate T. harzianum again as they were dried and had been 

in a 4ºC cooler. 5 g of soil was placed in a 50 mL Falcon tube with 1.25 amount of water and 

incubated at 25ºC for 48 hours. Once this was accomplished, a 0.1% water agar (WA) was created 

by adding 1 g agar to 1 L of autoclaved water. 2.5 g of soil was added to 22.5 ml 0.1% WA and 

shaken at 150 RPM and 25ºC for one hour horizontally. This 25 ml solution is the “initial solution”. 
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The moisture content of the remaining 2.5 g of soil was calculated to accurately measure T. 

harzianum presence. Moisture content was found by subtracting the weight of the dry soil from 

the weight of the wet soil and dividing this result by the dry weight. Finally, dilutions were created 

of magnitude 10-1. The 10-1 dilution was accomplished by adding 100 µL of the original solution 

to 900 µL of 0.1% WA. 100 µL of this dilution was spread well on the selective media and allowed 

to dry for 1-2 hours. Once dry, each plate was covered and placed in a plastic container where it 

was allowed to grow.  After 7 days, the number of Trichoderma colony forming units (CFUs) were 

counted on each plate.  

 CFU’s were utilized in order to calculate the population of Trichoderma organisms in one 

gram of dried soil for each sample. This was done using the following equation: 

 CFU / (suspension volume per plate * (1/dilution factor) * (weight of dried soil / initial 

solution volume) 

 Once this was done, samples were grouped into their four treatment groups and an average 

was taken for each treatment. 

3.2.10 Analytical tests and observations of tomato health and productivity 

Survival following transplanting 

 When tomato seedlings are transplanted from flats into the field they are subject to many 

stress factors including wind, heat, water and soil-borne pathogens. The healthier these seedlings 

are, the better they will be able to survive this transplant stress and go on to develop into mature 

and productive plants. The number of seedlings that survived or died following transplanting was 

recorded within one week after transplanting in each year. Dead seedlings were replaced until 

supplies were exhausted in each year. 

Spad readings  

 Nitrogen (N) levels are extremely important to estimate because N is the major component 

of chlorophyll, which is the main compound plants utilize to create sugars from sunlight and water. 

N deficiency symptoms include poor plant growth and pale green or yellow leaves due to this 

inability to make sufficient amounts of chlorophyll.  Affected areas (or the entire plant) may be 

stunted or fail to produce flowers and fruit. In addition, chlorotic leaves are more prone to 
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scorching and leaf diseases (University of Illinois Extension, n.d.). The relative chlorophyll 

content in leaves can be estimated by utilizing the SPAD 502 chlorophyll meter. This is an efficient 

way to evaluate plant N status in many crops and some tree species (Bonneville, 2006). The SPAD 

502 meter can spot N deficiencies long before the human eye detects changes to the “greenness” 

of the plant. This method is quite useful as it can be taken non-invasively while the leaf is still 

attached to the vine. Tomato leaves were clamped inside of the meter and an indexed chlorophyll 

content score was shown in less than 2 seconds. These indexed scores were recorded and 

transferred to a Microsoft Excel spreadsheet. This was done for the whole of the 2019 growing 

season. Unfortunately, the SPAD 502 meter in the Hoagland lab uses became unavailable for the 

2020 growing season because it lost a gasket that needed to be replaced. To compensate for the 

lack of SPAD measurements in 2020, and to determine if plant chlorophyll/health and disease 

outbreaks could be quantified using aerial imagery, the plot area was flown using two drones fitted 

with cameras six times over the growing season. One of the drones contains standard cameras that 

are programmed to report measurements such as NDVI (normalized difference vegetation index). 

The other contains several advanced cameras including Lidar to capture images using different 

techniques and a wide range of wavelengths. The information collected from these drone images 

will not be reported in this thesis as this is a supplemental pilot study.  

Disease ratings  

 Tomato plants are susceptible to multiple soil-borne and foliar pathogens which cause 

diseases that negatively impact the yield and quality of tomato fruit. Soil-borne pathogens such as 

Verticillium and Fusarium have not yet been detected in these plots and were not the subject of 

this study. However, many foliar pathogens including Alternaria dauci (early blight), Botrytis 

cinerea (gray mold), Pseudomonas syringae pv. tomato (bacterial speck) and Xanthomonas 

campesiris pv. vesicatoria (bacterial spot) are regularly observed in these plots. It is extremely 

difficult to differentiate between the symptoms (lesions on tomato leaves and fruit) of these 

individual pathogens/diseases in the field, so instead total disease severity in each individual 

tomato plot (32 total) was recorded 3 times in 2019 and 4 times in 2020. Disease severity refers to 

the amount of damage to a plant caused by infection from disease. This allowed us to quantify the 

impacts of the individual treatments and treatment interactions on the severity and spread of 

diseases over the course of the growing season.  
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Visual disease ratings for each treatment were collected using the guidance of the Horsfall-

Barratt scale (Horsfall and Barrat, 1945). This scale requires the observer to think of the leaf, plant 

or group of plants as if they were part of a gridded system. Visualizing the amount of imaginary 

grids containing infected portions of the leaf, plant or plants allows the observer to give a 

percentage out of 100 for disease severity. These percentages are translated onto the Horsfall-

Barratt scale that is seen below (Table 3.9): 

 

Table CHAPTER 3.9. Horsfall-Barratt scale 

Score Percentage of Observed Disease 

1 0 

2 0-3 

3 3-6 

4 6-12 

5 12-25 

6 25-50 

7 50-75 

8 75-87 

9 87-94 

10 94-97 

11 97-100 

12 100 

 

 These individual disease severity data points were combined to create the area under the 

disease progress curve (AUDPC). The AUDPC allows the characterization of the overall patterns 

of disease increase over time and can be done by utilizing various mathematical formulas (Jeger 

and Viljanen-Rollinson, 2001).  

Plant vigor ratings 

 The overall vigor of plants can also be an indication of their susceptibility to diseases as 

well as tolerance to various abiotic stress factors and capacity to obtain nutrients and water from 

soil. Pictures were taken throughout the 2019 & 2020 growing seasons to document above ground 

growth for each plant. These pictures were given a vigor score on a scale of 1-5 based on the final 

round of pictures taken when plants were at their most mature stage. Scores of 1 were awarded to 

the plants that exhibited the poorest above ground growth. 5’s were awarded to the fullest, thickest 
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plants. Each value on the five-point scale was assigned a picture that was used to judge the growth 

pictures. Each variety was assigned its own representative scale as Wisconsin 55 variety plants do 

not grow to be as tall as Corbarino variety plants. The scale for the two varieties are shown in 

figure 3.11. 

 

 

 

 

 

 

 

 

 

1 – Wisconsin 55     1- Corbarino 

 

 

 

 

 

 

 

2- Wisconsin 55 2- Corbarino  

Figure CHAPTER 3.11. 5 point scales for vigor ratings of Corbarino and Wisconsin 55 varieties 
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Figure 3.11 continued 

 

 

 

 

 

 

 

 

3- Wisconsin 55 3- Corbarino 

 

 

 

 

 

 

 

4- Wisconsin 55  4- Corbarino 

 

 

 

 

 

 

 

5- Wisconsin 55     5 Corbarino 
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Tomato fruit harvest 

 The number and quality of tomato fruit is also an indicator of susceptibility to disease, 

abiotic stress and the capacity of plants to obtain nutrients and water from soil. Harvesting of fruits 

began at the sight of the first tomato that had passed the “breakers” stage, indicating that the fruit 

is beginning to ripen. “Ripe” tomatoes, for the purposes of this experiment, included all ripe 

tomatoes, as defined by the United States Fresh Fruit and Vegetable Association. These include 

breakers, turning, pink, light red and red tomatoes.  Once the first ripe tomato was spotted, a harvest 

was planned soon after whereby members of the Hoagland lab met at the research plot early one 

morning to harvest, count and weigh ripe tomatoes. This was repeated every seven days until the 

final harvest. Ripe tomatoes were separated into the categories “good” tomatoes and “bad” 

tomatoes. Good tomatoes were those that were safe to consume and would be acceptable to be sent 

to market. Bad tomatoes included fruits damaged from disease, insect or animals. (Figures 3.12 & 

3.13) 

 

Figure CHAPTER 3.12. Close-up example of a tomato harvested and categorized 

as “bad” due to insect damage 

 

 



 

 

130 

 

Figure CHAPTER 3.13. Examples of tomatoes harvested and categorized as 

“bad” due to insect and disease damage 

 

 Tomato plants were terminated and fruit of all size and ripeness were counted and weighed 

during the last harvest of the season. Tomatoes from the last harvest were separated into categories 

of ripe (“Red”) or large unripe (“Green”). The large unripe tomatoes were expected to be able to 

mature into ripe tomatoes if the experiment would have been carried later into the harvest season. 

The harvest schedule for the two growing seasons is shown below (Table 3.10): 

 

Table CHAPTER 3.10. Harvest dates (* indicates date of the final harvest) 

2019 2020 

August 12th August 5th 

August 19th August 12th 

August 26th August 19th 

September 3rd * August 26th 

N/A September 2nd * 
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3.2.11 Statistical Analysis 

 All results were compiled into Microsoft Excel spreadsheets for statistical detection of 

patterns through rigorous testing. Statistical analyses were conducted using the coding software 

“R”. R is a language and environment for statistical computing and graphics. All individual data 

sets were analyzed separately by year, to account for year-to-year environmental variability. Spad 

readings were collected for the 2019 growing season, but not for the 2020 growing season. 

Individual data sets were subjected to an analysis of variance (ANOVA) to determine if there were 

significant differences. Independent two-sample t-test analyses were run using the t.test() function 

within the base package of R when comparing group means for the two dichotomous treatment 

groups when ANOVA analyses indicated that there were significant differences. For example, 

composted-incorporated subplots against control subplots and T. harzianum inoculated plants 

against control plants. ANOVA was carried out using the aov() function within the stats package. 

ANOVA results were combined with Tukey´s HSD (high significant differences) test. Significance 

levels of 0.05 (p < 0.05) were used to test for significant differences between treatments. Tukey’s 

HSD test was carried out using the function TukeyHSD().  

3.3 Results 

3.3.1 Soil Test Results 

 Results of the test conducted at Midwest Labs indicated that in 2019, total soil organic 

matter was significantly greater in the compost amended plots relative to the non-amended control 

plots (p=0.01), but there were no significant differences in 2020 (Table 3.12). Similarly, results of 

the 2019 POXC test indicated that the compost treated plots contained a significantly higher 

amount (p = 0.021) of labile, or active, C than the non-amended control soils, but there were no 

differences between the two treatments in 2020 (Table 3.14). 
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Table CHAPTER 3.11. Soil chemical properties in soils prior to any amendments during 2019 

and 2020. 

Year Sample 

Organic 

Matter 

% 

P1 

ppm 

P2 

ppm 

K 

ppm 

Mg 

ppm 

Ca 

ppm 

pH CEC 

meq/100g 

2019 Pre-

compost 3.2 8 13 93 609 2381 7.0 17.2 

2020 Pre-

compost 2.8 14 21 141 581 2345 6.7 16.9 

 

Table CHAPTER 3.12. 2019 and 2020 Midwest Laboratory soil test results for control subplots 

and compost-amended subplots (Green = Significant difference; Red = No significant difference) 

Year Sample 

Organic 

Matter 

% 

P1 

ppm 

P2 

Ppm 

K 

ppm 

Mg 

ppm 

Ca 

ppm 

pH CEC 

meq/100g 

2019 

Non-

compost  3.7* 17.5* 31.0* 145.8 587.3 2288.0 7.1 16.7 

Compost 7.0* 70.0* 86.0* 193.5 649.8 2540.2 7.1 18.6 

          

2020 

Non-

compost 2.9 18.0 34.5 121.5 529.8 2123.0 6.7 15.9 

Compost 3.7 24.0 32.5 130.3 553.3 2194.0 6.6 16.9 

 * indicates significance is at P<0.05 
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Table CHAPTER 3.13. Mean 2019 and 2020 Midwest Laboratory soil test results for control 

subplots and compost-amended subplots (Green = Significant difference; Red = No significant 

difference) 

Year Sample 

Organic 

Matter 

% 

P1 

ppm 

P2 

ppm 

K 

ppm 

Mg 

ppm 

Ca 

ppm pH 

CEC 

meq/100g 

2019 

& 

2020  

Non-

compost 3.3* 17.6* 31.9* 139.7 572.9 2246.8 7.0 16.5 

Compost 5.4* 58.5* 72.6* 177.7 625.6 2453.7 7.0 18.2 

  * indicates significance is at P<0.05 

  

Table CHAPTER 3.14. Active soil carbon in soils amended with leaf mold compost treated soils 

and a non-amended control treatment during 2019 and 2020   

 
Treatment 

Mean POXC Results (mg/kg soil) 

values 
p-value 

2019 

Non-Compost 667.53  

0.02 

Compost 974.42 

2020 

Non-Compost 792.56 
0.08 

Compost 1232.08 

 Significance is at P<0.05 

Soil chemical properties 

 Results of the soil tests conducted at Midwest Laboratory indicated that in 2019, the 

compost treated subplots contained significantly higher P1 (p= 0.01) and P2 levels (p = 0.03) as 

compared to the non-amended control subplots, but there were no significant differences in pH, 

CEC, K, Mg, or Ca, and there were no differences in any of these properties between the two 

treatments during 2020 (table 3.12). 

 Analysis of 2019 inorganic N test results indicate that soils in the compost amended 

subplots contained significantly higher levels of nitrate & nitrite (p= 0.045) (Table 3.15) and 

ammonia levels (p= 0.047) (Table 3.16) when compared against the non-amended control soils. In 
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contrast, during 2020 there were no significant differences in nitrate & nitrite (Table 3.15) nor 

ammonia levels between these two treatments (Table 3.16). Significance was determined by p-

values less than 0.05. 

 

Table CHAPTER 3.15. 2019 & 2020 Inorganic N results comparing nitrate and nitrite levels in 

plants grown in compost incorporated soils against plants not grown in compost treated soil. 

 
Treatment 

Mean Nitrate + Nitrite (mg N/L) 

values 
p-value 

2019 

Non-Compost 3.93  

0.04 
Compost 7.13 

2020 

Non-Compost 15.72 
0.24 

Compost 18.39 

 Significance is at P<0.05 

 

Table CHAPTER 3.16. 2019 & 2020 Inorganic N results comparing ammonia levels in plants 

grown in compost treated soils against plants not grown in compost treated soil. 

 
Treatment Mean Ammonia (mg N/L) values p-value 

2019 

Non-Compost 1.23  

0.04 

Compost 1.70 

2020 

Non-Compost 0.91 

0.51 
Compost 0.77 

 Significance is at P<0.05 
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Soil biological properties 

 Results of the 2019 FDA assay indicated that microbial activity was significantly greater 

in the compost treated subplots (p= 0.024) when compared to the non-amended control soils, but 

there were no significant differences between the two treatments in 2020 (Table 3.17).   

 

Table CHAPTER 3.17. 2019 and 2020 FDA results comparing plants grown in compost 

incorporated soils against plants not grown in compost incorporated soil.  

 
Treatment 

Mean FDA Results (mg 

Fluorescein/g dry soil) values 
p-value 

2019 
Non-Compost 0.155 

0.02 
Compost 0.252 

2020 

Non-Compost 0.163 
0.80 

Compost 0.178 

 Significance is at P<0.05 

 Results of PCR assays conducted on root zone soils collected during 2019 indicated that 

T. harzianum organisms were present in the soils of every treatment, including soils that were 

not manually inoculated with T. harzianum organisms. Figure 3.14 is a screenshot of one of the 

PCR reaction gels. While faint, it can be observed that each well has a band at the level of the 

positive control, indicating that T. harzianum is present in the soils of subplots not inoculated, as 

well as subplots that were treated with inoculations (Figure 3.14). Four additional PCR trials 

confirmed these results, as well as confirming the presence of T. harzianum species in samples 

that received inoculation, but not compost.     
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Figure CHAPTER 3.14.  Electrophoresis gel demonstrating positive amplification of T. 

harzianum in root zone soils collected at the base of tomato plants during 2019. Well 2 

represents the positive control T. harzianum sample. Well 3 is a negative control well and 

appears to have had DNA spill over into it, which explains the band. Wells 4-14 contain 

treatment samples from three of the four treatments. Well 5 represents no compost, no T. 

harzianum inoculation. Wells 4 and 9-14 represent compost treatments with no T. harzianum 

inoculation. Wells 6-8 represent compost with T. harzianum inoculation. 

 

 Subsequent attempts to quantify the amount of T. harzianum in the soil samples using 

qPCR proved unsuccessful. This was determined by observing successful amplification and 

melting curves of positive control wells containing 4μL of pure T. harzianum DNA, while not 

observing these curves for positive control wells containing 0.5 μL and 0.2 μL of pure T. 

harzianum DNA. No successful amplification and melting curves were observed for any of the soil 

DNA samples tested despite using the maximum amount of DNA allowed in the protocol (7.1 μL). 

Therefore, soil DNA samples did not contain enough large enough T. harzianum populations for 

the machinery to detect. Similar results were obtained for 2020, so we attempted to quantify the 
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amount of T. harzianum in these soils using the standard plate technique described in section 3.2.9. 

Table 3.18 looks at Trichoderma populations per gram of soil as found by utilizing the formula in 

section 3.2.9. 

 

Table 3.318. Table 3.319. 2020 Trichoderma population per gram of dried soil based on the 

treatments of compost and T. harzianum inoculation (“N” = No compost, “M” = Compost, “W” 

= No Trichoderma, “T” = Trichoderma) 

Treatment 
Mean Trichoderma population 

per gram of dried soil (104) 
p-value 

MW-MT 2.0 – 4.1 <0.01 

NT-MT 2.7 – 4.1 0.08 

NW-MT 1.3 - 4.1 <0.01 

NT-MW 2.7 - 2.0 0.57 

NW-MW 1.3 – 2.0 0.82 

NW-NT 1.3 – 2.7 0.15 

 Significance is at P<0.05 

3.3.2 Plant Test Results  

Survival following transplant 

 Many tomato plants did not survive the transition from greenhouse to the field trial as 

expected. 2020 was a particularly harsh year meteorologically for transplants. Immediately after 

transplanting tomato plants in 2020, there was a severe windstorm accompanied by high heat and 

a lack of moisture which imposed severe abiotic stress. Some of the plants were further stressed 

due to high sustained high winds in early August of 2020 as a result of the Derecho weather pattern. 

Results indicated that the T. harzianum inoculation resulted in significantly fewer tomato plants 

dying as a result of transplant stress (p < 0.01). When averaged across tomato genotype and not 

considering the soil amendment treatment, more than three times the amount of control plants died 
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compared to inoculated plants (Table 3.19). In contrast, the leaf mold compost treatment did not 

influence transplant stress when averaged across T. harzianum inoculation and tomato genotype 

(p = 0.85) (Table 3.19). Tomato variety did influence transplant stress, but not significantly (p = 

0.08), as more than twice the amount of Wisconsin 55 plants died compared to Corbarino when 

averaged across T. harzianum and soil amendment treatments (Table 3.19). Lastly, plants grown 

in compost treated soils without inoculation died significantly more often than inoculated plants 

grown in compost treated soils (p = 0.01) (Table 3.20). 

 

Table CHAPTER 3.20.  2019 and 2020 plant deaths by T. harzianum treatment, compost 

treatment, variety and compost + T. harzianum treatment. 

Treatment # Deaths p-value 

Non-Trichoderma 24 
<0.01 

Trichoderma 7 

   

Non-compost 16 
0.85 

Compost 15 

   

Wisconsin 55 21 
0.08 

Corbarino 10 

   

Compost, No Trichoderma 14 

See table 

3.20 

No Compost, No Trichoderma 10 

No Compost, Trichoderma 5 

Compost, Trichoderma 2 

 Significance is at P<0.05 
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Table CHAPTER 3.21. Statistical analyses comparing groups based on the treatments of 

compost and T. harzianum inoculation (“N” = No compost, “M” = Compost, “W” = No 

Trichoderma, “T” = Trichoderma) 

Treatment Deaths p-value 

MW-MT 14 - 2 >0.01 

NT-MW 5 – 14 0.12 

NW-MT 10 - 2 0.22 

NW-NT 10 - 5 0.69 

NW-MW 10 – 14 0.69 

NT-MT 5 - 2 0.84 

 Significance is at P<0.05 

 

 Tables 3.21 and 3.22 depict plant death rates for each variety grouped by T. harzianum 

inoculation and compost treatment for the years 2019 and 2020. There was a clear interaction 

between tomato genotype and T. harzianum inoculation, with significantly fewer deaths in 

Wisconsin 55 plants treated with T. harzianum. In contrast, there was no significant differences in 

deaths between Corbarino plants treated or not with T. harzianum.  
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Table CHAPTER 3.22. 2019 plant deaths by variety + T. harzianum treatment and variety + 

compost treatment 

2019 

Variety & Treatment # Deaths p-value 

Wisconsin 55 (Control) 1 
0.08 

Wisconsin 55 (Trichoderma inoculated) 5 

Corbarino (Control) 0 
1.00 

Corbarino (Trichoderma inoculated) 0 

   

Wisconsin 55 (Control) 2 
0.64 

Wisconsin 55 (Compost) 4 

Corbarino (Control) 0 
1.00 

Corbarino (Compost) 0 

 Significance is at P<0.05 
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Table CHAPTER 3.23. 2020 plant deaths by variety + T. harzianum treatment and variety + 

compost treatment 

2020 

Variety & Treatment # Deaths p-value 

Wisconsin 55 (Control) 13 
<0.01 

Wisconsin 55 (Trichoderma inoculated) 2 

Corbarino (Control) 6 
0.93 

Corbarino (Trichoderma inoculated) 4 

   

Wisconsin 55 (Control) 8 
0.99 

Wisconsin 55 (Compost) 7 

Corbarino (Control) 5 
1.00 

Corbarino (Compost) 5 

 Significance is at P<0.05 

SPAD Readings 

 Analysis of 2019 Spad meter data reveals that plants grown in compost treated subplots  

exhibited significantly higher Spad readings in July (p= 0.02) and August (p < 0.01) (Table 3.23). 

In contrast, there was no significant differences in SPAD meter readings of tomato leaves during 

July (p= 0.94) or August (p= 0.32) in response to the T. harzianum inoculation treatment (Table 

3.24). 
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Table CHAPTER 3.24.  2019 Spad 502 meter readings for July and August comparing plants 

grown in compost incorporated soils against plants not grown in compost incorporated soil.  

  

July 

average 
July p-value 

August 

average 
August p-value 

Control 46.2 
0.02 

41.94 
<0.01 

Compost 49.1 44.10 

 Significance is at P<0.05 

 

 

Table CHAPTER 3.25.  2019 Spad 502 results comparing plants receiving T. harzianum 

inoculations against plants that did not receive inoculations. 

 July 

average 
July p-value 

August 

average 
August p-value 

Control 47.6 
0.94 

43.4 
0.33 

Trichoderma 47.7 42.6 

 Significance is at P<0.05 

3.3.3 Disease Ratings 

 The area under the disease pressure curve (AUDPC) calculated during the 2019 growing 

season indicated that there was no difference between tomato plants grown in the compost 

amended versus non-amended control treatments (p = 0.43), though there was a significant 

difference between these soil treatments (p < 0.01) during the 2020 growing season (Table 3.25). 

When comparing differences in the AUDPC in response to the T. harzianum inoculant, there were 

no significant differences between the treatment during 2019 (p=0.08) or 2020 (p = 0.36) (Table 

3.25). In addition, ANOVA test results indicated that there were no significant differences during 

2019 (p=0.777) or 2020 (p = 0.09) when comparing AUDPC scores between the four treatment 

groups for each variety (Tables 3.26 and 3.27). 

  



 

 

143 

Table CHAPTER 3.26.  2019 & 2020 Disease ratings comparing (1) plants grown in compost-

treated soils to control plants, and (2) plants given T. harzianum inoculations to control plants 

that did not. 

 
Treatment Mean Disease Rating p-value 

2019 

Non-Compost 3.5 

0.79 
Compost 3.7 

2020 

Non-Compost 5.4 

<0.01 
Compost 3.1 

    

2019 

Non-inoculated 3.8 

0.44 
Inoculated 3.4 

2020 

Non-inoculated 4.7 

0.36 
Inoculated 3.8 

  

 Analysis of treatment groups reveals that no significant differences exist between any of 

the groups for both the 2019 and 2020 growing seasons.  
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Table CHAPTER 3.27.  2019 ANOVA disease rating comparisons between treatment groups 

(“N” = No Compost, “M” = Compost, “W” = No Trichoderma Inoculation, “T” = Trichoderma 

inoculation, “1” = Wisconsin 55 variety, “2” = Corbarino variety) 

  NW1 NT1 MW1 MT1 NW2 NT2 MW2 MT2 

NW1                 

NT1  None               

MW1  None  None             

MT1  None  None None            

NW2  None  None  None  None         

NT2  None  None  None  None  None       

MW2  None  None  None  None  None  None     

MT2  None None   None None   None None  None    

 

Table CHAPTER 3.28.  2020 disease rating comparisons between treatment groups (“N” = No 

Compost, “M” = Compost, “W” = No Trichoderma Inoculation, “T” = Trichoderma inoculation, 

“1” = Wisconsin 55 variety, “2” = Corbarino variety) 

  NW1 NT1 MW1 MT1 NW2 NT2 MW2 MT2 

NW1                 

NT1  None               

MW1  None  None             

MT1  None  None None            

NW2  None  None  None  None         

NT2  None  None  None  None  None       

MW2  None  None  None  None  None  None     

MT2  None None   None None   None None  None    
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Vigor Ratings 

 Visual analysis of plant shoot growth and health was assigned for each plant throughout 

the growing season. Two-step independent t-tests were run for the final vigor ratings of each 

growing season. Results of these analyses indicate that the leaf mold compost treatment 

significantly increased vigor of tomato plants compared to plants grown in the non-amended 

control plots during both 2019 (p<0.01) and 2020 (p<0.01) (Table 3.28). In contrast, there were 

no significant differences in plant vigor during either year when comparing plants inoculated with 

T. harzianum or a sterile water control (3.31). 

 

Table CHAPTER 3.29. 2019 & 2020 Vigor ratings comparing (1) plants grown in compost-

treated soils to control plants, and (2) plants given T. harzianum inoculations to control plants 

that did not. 

 
Treatment Mean Vigor Rating p-value 

2019 

Non-Compost 2.0  

<0.01 

Compost 4.0 

2020 

Non-Compost 3.4 

<0.01 
Compost 4.7 

   
 

2019 

Non-inoculated 2.9 

0.78 
Inoculated 3.1 

2020 

Non-inoculated 4.1 

0..83 
Inoculated 4.1 
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 Analysis of 2019 vigor ratings indicate that T. harzianum inoculation and genotype do not 

appear to play a significant role when understanding what variables affected growth and 

development (Tables 3.29 and 3.30). 2020 results show a significant difference between every 

comparison made between a compost-treated subplot and a control plot. In all cases from 2019 

and 2020, the compost-treated plants exhibited higher vigor ratings compared to control plants. 

 

Table CHAPTER 3.30.  2019 vigor rating comparisons between treatment groups (“N” = No 

Compost, “M” = Compost, “W” = No Trichoderma Inoculation, “T” = Trichoderma inoculation, 

“1” = Wisconsin 55 variety, “2” = Corbarino variety) 

  NW1 NT1 MW1 MT1 NW2 NT2 MW2 MT2 

NW1                 

NT1  None               

MW1  None  Sig Dif             

MT1  None  Sig Dif  None           

NW2  None  None  None  None         

NT2  None  None  None  Sig Dif None        

MW2  Sig Dif  Sig Dif  None  None  Sig Dif  Sig Dif     

MT2  Sig Dif Sig Dif  None  None  Sig Dif Sig Dif  None    
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Table CHAPTER 3.31.  2020 disease rating comparisons between treatment groups (“N” = No 

Compost, “M” = Compost, “W” = No Trichoderma Inoculation, “T” = Trichoderma inoculation, 

“1” = Wisconsin 55 variety, “2” = Corbarino variety) 

  NW1 NT1 MW1 MT1 NW2 NT2 MW2 MT2 

NW1                 

NT1  None               

MW1  Sig Dif  Sig Dif             

MT1  Sig Dif  Sig Dif  None           

NW2  None  None  Sig Dif  Sig Dif         

NT2  None  None  Sig Dif  Sig Dif None        

MW2  Sig Dif  Sig Dif  None  None  Sig Dif  Sig Dif     

MT2  Sig Dif Sig Dif  None  None  Sig Dif Sig Dif  None    

3.3.4 Trichoderma inoculation effect on seedling growth 

 Seedlings from one of the two trays for each variety received 1 mL of the T. harzianum 

inoculation around the base of the plant. This was done 23 days after sewing in 2019 and 16 days 

after sewing in 2020. Unfortunately, seedling growth pictures from 2019 were lost when a personal 

cell phone containing the photos experienced a factory-recalled malfunction between the 2019 and 

2020 growing seasons. Fortunately, 2020 seedlings photos have survived and provide visual 

evidence of the beneficial growth effects of T. harzianum inoculations. Figures 3.15-3.18 were 

taken 20 days after inoculation on May 22, 2020.
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Figure CHAPTER 3.15.  Wisconsin 55 seedlings that did not receive 1 mL T. harzianum 

inoculation 
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Figure CHAPTER 3.16.  Wisconsin 55 seedlings that received 1 mL T. harzianum inoculation 

 

Figure CHAPTER 3.17.  Corbarino seedlings that did not receive 1 mL T. harzianum inoculation 
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Figure CHAPTER 3.18.  Corbarino seedlings that received a 1 mL T. harzianum inoculation



 

 

151 

 Although difficult to tell from figures 3.15-3.18, heights differed for control and inoculated 

seedlings for both Wisconsin 55 and Corbarino varieties. The average height of Wisconsin 55 

seedling was around 4.5 inches for the tray that did not receive inoculations. This is much shorter 

than the observed 7 inch average for the inoculated Wisconsin 55 tray. Results were less stark from 

the Corbarino variety tomatoes, but differences still existed. The average height of Corbarino 

seedlings was around 6 inches for the tray that did not receive inoculation. The inoculated 

Corbarino tray averaged around 7 inches of height. 

 

 

Figure CHAPTER 3.19.  Wisconsin 55 seedlings the day of planting: T. harzianum inoculated 

(pictured left) and non-T. harzianum inoculated (pictured right) 
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Figure CHAPTER 3.20.  Corbarino seedlings the day of planting: T. harzianum inoculated 

(pictured left) and non-T. harzianum inoculated (pictured right) 

 

 Visual height differences between inoculated Wisconsin 55 seedlings and their non-

inoculated counterparts were quite stark on the day of planting, as can be seen from Figure 3.19. 

Height differences between inoculated and non-inoculated Corbarino plants are less noticeable, 

although they still can be seen (see Table 3.20).  

3.3.5 Tomato fruit yield and quality 

 Because of high death rates following transplanting, particularly during 2020 growing 

season, the yield data is reported here based on the average for an individual tomato plant within 

each treatment group. This was calculated by dividing each subplot’s yield data by the number of 

plants that survived death from transplant shock. 
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Compost treatment 

Table CHAPTER 3.32. 2019 harvest results per plant comparing fruit production of plants by T. 

harzianum treatment and variety 

2019 Harvest results by Leaf Compost and Variety (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

Control (Wisc. 55) 43 *2.5 *0.26 2.3 0.13 1.1 0.54 

Compost (Wisc. 55) 47 *5.1 *0.63 2.4 0.30 2.1 0.85 

        

Control (Corbarino) 48 *38.4 *0.86 3.4 0.07 11.4 *0.42 

Compost (Corbarino) 48 *66.0 *1.43 4.3 0.10 15.2 *0.88 

 * indicates significance at P<0.05 

 

Table CHAPTER 3.33. 2020 harvest results per plant comparing fruit production of plants by T. 

harzianum treatment and variety 

2020 Harvest results by Leaf Compost and Variety (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

Control (Wisc. 55) 35 18.4 2.89 2.5 2.32 7.3 2.16 

Compost (Wisc. 55) 46 17.3 2.39 2.3 2.19 7.6 2.03 

        

Control (Corbarino) 42 69.0 1.58 3.5 2.05 19.4 2.02 

Compost (Corbarino) 44 81.0 1.85 4.0 2.07 20.4 2.02 

 * indicates significance at P<0.05 
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Trichoderma treatment 

Table CHAPTER 3.34. 2019 harvest results per plant comparing fruit production of plants by T. 

harzianum treatment and variety 

2019 Harvest results by Trichoderma and Variety (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

Control (Wisc. 55) 43 3.5 0.40 3.0 0.27 1.2 0.60 

Compost (Wisc. 55) 47 4.2 0.50 1.8 0.17 2.3 0.76 

        

Control (Corbarino) 48 50.2 1.10 4.1 0.09 12.3 0.58 

Compost (Corbarino) 48 54.3 1.19 3.5 0.07 15.5 0.70 

 * indicates significance at P<0.05 

 

Table CHAPTER 3.35. 2020 harvest results per plant comparing fruit production of plants by T. 

harzianum treatment and variety 

2020 Harvest results by Trichoderma and Variety (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

Control (Wisc. 55) 35 18.4 2.89 2.5 2.32 7.3 2.16 

Compost (Wisc. 55) 46 17.3 2.39 2.3 2.19 7.6 2.03 

        

Control (Corbarino) 42 69.0 1.58 3.5 2.05 19.4 2.02 

Compost (Corbarino) 44 81.0 1.85 4.0 2.07 20.4 2.02 

 * indicates significance at P<0.05 
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4 treatment groups 

Table CHAPTER 3.36. 2019 harvest results per plant comparing fruit production of Wisconsin 

55 variety plants by treatment groups 

2019 4 Treatment Groups (Wisconsin 55) (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

No Compost, No Tricho 23 0.8 0.08 0.8 0.04 *1.0 *0.11 

Compost, No Tricho 20 1.0 0.10 0.8 0.10 1.3 0.22 

No Compost, Tricho 23 *0.4 *0.04 0.3 0.02 1.2 0.14 

Compost, Tricho 24 *1.7 *0.20 0.6 0.06 *2.8 *0.24 

 * indicates significance at P<0.05 

 

Table CHAPTER 3.37. 2020 harvest results per plant comparing fruit production of Corbarino 

variety plants by treatment groups 

2019 4 Treatment Groups (Corbarino) (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

No Compost, No Tricho 24 10.5 0.25 1.0 0.02 *5.6 *0.08 

Compost, No Tricho 24 14.6 0.30 1.1 0.03 6.6 0.21 

No Compost, Tricho 24 *8.8 0.19 0.8 0.01 5.7 0.13 

Compost, Tricho 24 *18.4 0.42 1.0 0.02 *8.7 *0.22 

 * indicates significance at P<0.05 

 

Table CHAPTER 3.38. 2020 harvest results per plant comparing fruit production of Wisconsin 

55 variety plants by T. harzianum treatment and variety 

2020 4 Treatment Groups (Wisconsin 55) (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

No Compost, No Tricho 18 4.2 0.62 0.5 0.47 8.4 *0.44 

Compost, No Tricho 15 **5.7 0.95* 0.4 0.79 14.3 *0.73 

No Compost, Tricho 22 *3.6 0.52* 0.1 0.52 36.0 0.48 

Compost, Tricho 24 **4.9 0.67 0.7 0.57 7.0 0.54 

 * indicates significance at P<0.05 
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Table CHAPTER 3.39. 2020 harvest results per plant comparing fruit production of Corbarino 

variety plants by T. harzianum treatment and variety 

2020 4 Treatment Groups (Corbarino) (per plant) 

Sample Living 

plants 

Total 

Ripe 

Total 

Weight 

Ripe 

Total 

Bad 

Total 

Weight 

Bad 

Good:Bad 

Ratio Ripe 

Green 

@ Final 

Harvest 

 # # (kg) # (kg) Ratio (kg) 

No Compost, No 

Tricho 21 *11.2 *0.26 0.7 0.37 16.0 0.36 

Compost, No Tricho 21 **23.3 **0.51 0.5 0.66 46.6 0.65 

No Compost, Tricho 22 16.4 0.37 0.9 0.37 44.3 0.36 

Compost, Tricho 23 **23.1 **0.53 0.5 0.63 46.2 0.62 

 * indicates significance at P<0.05 

 

 Determining statistical differences for the four treatment groups was done using ANOVA 

statistical tests. Table 3.39 shows statistically significant results for treatment groups on both an 

overall and per plant yield basis when combining 2019 and 2020 data. These results indicate that 

the treatments played a primary role in the observed effects because per plant data shows the same 

effect as overall data. This eliminates the possibility that results were only observed due to the 

uneven number of plants that survived per treatment. It is interesting to note that every observed 

statistical difference is between a non-composted subplot and a composted subplot. Inoculation of 

T. harzianum does not appear to play a major factor in the effects. 

 

Table CHAPTER 3.40. Statistically significant results for subplots observing overall and per 

plant yield data (“Tricho” = T. harzianum inoculation) 

Variety Subplots Effect p-value 

Corbarino No compost, Tricho <  Compost, Tricho (#) Good fruits 0.03 

Corbarino No compost, No Tricho < Compost, Tricho (#) Good fruits 0.01 

Corbarino No compost, No Tricho < Compost, Tricho (kg) Good fruits 0.03 

Corbarino No compost, No Tricho < Compost, Tricho (kg) Green fruits 

@ final harvest 

0.02 

Wisc. 55 No compost, Tricho < Compost, Tricho (#) Good fruits 0.01 

Wisc. 55 No compost, No Tricho < Compost, Tricho (kg) Green fruits 

@ final harvest 

> 0.01 

Wisc. 55 No compost, No Tricho < Compost, No 

Tricho 

(kg) Green fruits 

@ final harvest 

0.02 
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 Table 3.40 shows statistically significant results for treatment groups on just an overall 

basis. These results were not observed on a per plant basis. This indicates that the following results 

were statistically significant primarily due to the discrepancy in plant deaths between the 

treatments. These differences only exist between non-composted subplots and compost subplots. 

T. harzianum inoculations do not affect significant results as half of the results with lower 

production were inoculated. 

 

Table CHAPTER 3.41. Statistically significant results for subplots observing only overall yield 

data (“Tricho” = T. harzianum inoculation) 

Variety Subplots Effect p-value 

Corbarino No compost, No Tricho < Compost, No Tricho (kg) Green fruits 

@ final harvest 

0.03 

Wisc. 55 No compost, Tricho < Compost, Tricho (#) Good fruits 0.01 

Wisc. 55 No compost, No Tricho < Compost, Tricho (kg) Green fruits 

@ final harvest 

> 0.01 

Wisc. 55 No Compost, Tricho < Compost, Tricho (kg) Green fruits 

@ final harvest 

0.01 

3.4 Discussion 

3.4.1 Influence of leaf mold compost on plant and soil health 

 The primary goal of this project was to determine if leaf mold compost could improve the 

health of a degraded urban soil and increase the resilience of tomato plants against biotic and 

abiotic stresses that can reduce crop yield. The results from this two-year experiment support this 

assertion and clearly demonstrate there exist many benefits for farmers and gardeners who utilize 

composted leaves from municipal sources on their operations. However, municipal waste is 

sometimes found alongside the leaves despite a city’s best efforts to ensure that only leaves enter 

their collection facilities. A few waste products were found among the leaf compost piles for both 

the 2019 and 2020 growing season. The majority of waste found was plastic wrappers of all sorts, 
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including shreds of candy and hamburger wrappers. Small amounts of unintended municipal waste 

are inevitable and harmless for the most part, but a swift look through a municipal leaf compost 

pile before application may be necessary to check for harmful objects. Upon a swift inspection, a 

metal chain was found among the 2020 leaf compost pile (Figure 3.21). Moreover, since land in 

some urban areas can be contaminated by heavy metals, farmers and gardeners should consider 

getting composts derived from municipal waste streams tested to ensure that the material is safe 

and will not inadvertently contaminate their fields. 

 

Figure CHAPTER 3.21.  Chain found in the 2020 leaf compost pile 

Amending soils with leaf compost improves soil health 

 The results of two years’ worth of soil testing demonstrate that tilling leaf compost into the 

soil improves certain biogeochemical properties of the soil, while other properties remain less 

affected. One of the most dramatic soil benefits observed were large increases in total SOM, which 

was unexpected given the short duration of this study. 

 Non-composted subplots averaged 3.3% total SOM and composted plots averaged 5.4%. 

While a 2.1% increase in total SOM content might not seem like a monumental jump, the benefits 
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of such a jump could, in fact, be monumental. This is particularly true if these benefits are observed 

on a large scale. SOM is not itself a nutrient that the plant can take up for use, but they do gain 

access to these nutrients as the active fraction of SOM slowly decomposes while the remaining 

stable fraction contributes to the soils’ nutrient holding capacity (Oregon State University 

Extension, 2019). Increasing the amount of SOM also has the beneficial effect of building 

aggregates in the soil. Proper soil aggregation is crucial because it creates pores for the retention 

and exchange of air and water (USDA NRCS, 1996). Moreover, SOM can retain water at up to 

90% of its weight (Funderburg, 2001). These two benefits, aggregation and water holding capacity, 

work together to build a third benefit that SOM provides in the soil: erosion prevention. The soil 

is a producer’s most valuable asset and serious issues arise when topsoil transports off of a farm 

onto an undesired location. Studies show that increasing SOM from just 1 to 3% can prevent 

between 20-33% of soil erosion (Funderburg, 2001). Our study results indicate that amending a 

soil with a 3-year leaf compost can significantly increase total SOM pools, thereby increasing a 

soil’s ability to aggregate, its water holding capacity and its ability to safeguard against erosion. 

SOM is an important indicator of soil health and quality. However, SOM is a loosely 

defined term lacking constant chemical composition. For this reason, soil organic carbon (SOC) is 

commonly measured and reported in scientific literature because carbon (C) is the most prevalent 

element that makes up soil organic matter (Weil et al., 2003). Because total SOM pools are 

generally very slow to change, soil scientists often quantify labile or active SOM or C pools instead 

because they tend to change more quickly and are therefore a better indicator of how management 

practices affect soil health (Calderon et al., 2017). Labile C fractions of the soil “fuel the food web 

and therefore greatly influence nutrient cycles as well as many other biologically related soil 

properties” (Weil et al., 2003). For example, more efficient cycling of nutrients increases the 

availability of nutrients when plants need them most, and reduces loss to the environment 

(Hoagland et al., 2008; Rudisill et al., 2015). Stimulating the abundance and activity of soil 

microbial communities with active SOC can also directly support the health of plants by 

suppressing pathogens that cause disease (Schlatter et al., 2017). 

 The soil permanganate oxidizable carbon (POXC) test quantifies the amount of labile C 

and is frequently used as a measure of soil health. POXC test results from the 2019 and 2020 

growing seasons evaluated in this trial demonstrate that amending soils with leaf compost 

amendments can lead to significantly higher levels of labile soil C. Soils treated with leaf compost 
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averaged 1103.25 mg C kg-1 soil while non-amended control soils averaged only 730.04 mg C kg-

1 soil. 730.04 mg C kg-1 soil is not a particularly low value for a soil’s labile C. In fact, it is 

considered middle-to-high indicating that the soils at this site have already been improved by the 

integration of winter and summer cover crops. The addition of the leaf mold compost also 

increased soil microbial activity in this trial, as indicated by significant increases in FDA. 

Increasing soil microbial activity to acceptable levels should be a primary focus for many modern 

farmers. The myriad benefits a thriving microbial ecosystem provides to the farmer often go 

unnoticed due to their microscopic nature. “Out of sight, out of mind” is a logical fallacy that 

farmers and agricultural experts worldwide must avoid if they are to maximize efficiency of their 

soils.  

Like most field experiments, year to year variability can influence the results and this trial 

was no exception, as indicated by the lack of significant changes in soil health properties observed 

during the 2020 growing season. We attempted to hold the total amount of leaf mold compost 

constant during both years, by applying three inches over the surface of each sub-plot. However, 

one potential difference between the two years may lie in the fact that the original plan was to 

incorporate six inches of compost to each plot as suggested by our farmer collaborator, Mr. Dan 

Perkins. This was attempted during the 2019 field preparation, but we quickly realized that it was 

too much and reduced the pile down to three inches by manually raking off the top three inches. 

In addition, the original idea was to use a 749-gas powered BCS tractor with a harrow to till the 

compost into the ground, but the amount proved too difficult for the BCS tractor harrow to handle. 

Consequently, the decision was made to utilize the research farm’s tractor and tiller implement to 

incorporate the compost. As a result of these activities, it is plausible that more total compost was 

incorporated in 2019 relative to 2020 since the pile was likely condensed by all the foot and 

implement traffic. In addition, during the 2020 growing season, it appeared that the compost 

amendment was better incorporated into the soil since we only relied on the tractor and tiller to 

incorporate the compost, which would have diluted the total amount of compost which was 

collected during soil sampling events. Regardless of our ability to capture changes in soil health 

in response to the leaf mold compost amendment in both years, the benefits to plant health and 

productivity were clearly apparent as described below.  
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Potential contributions of leaf mold compost to plant fertility needs 

 Increasing total and active fractions of SOM by amending soil with leaf mold compost can 

also have important implications for fertility programs. 10-40 lb N., 4-7 lb P, and 2-3 lb S are 

released per acre each summer for roughly every 1% increase in soil organic matter (Brady and 

Weil, 2009; University of Massachusetts Extension, n.d.). The typical amount of N released per 

acre for a soil with 4% organic matter is conservatively approximated to be 80 lb (University of 

Massachusetts Extension, n.d.). At SOM levels of 5.4%, the leaf compost-incorporated subplots 

should expect an increased release of 21-84 lb N, 8-14 lb P and 4-6 lb S during the growing season 

compared to non-composted plots. 84 lb N per acre is over half of the recommended 150 lb N per 

acre typically recommended for maximum tomato fruit yield and quality (Miyao, 2013). 8-14 lb P 

is a fair amount considering only 44.6 lb P per acre is all that is necessary for field grown crops of 

all kinds (Korob, 2018b). Only around 1.2 lb S is required per ton of tomato fruit so an additional 

4-6 lb S released every summer could greatly reduce the amount of S needed to be applied (Korob, 

2018a). 

 As every grower knows, fertilizer inputs cost money. Fertilizer prices are quite volatile and 

fluctuate rapidly throughout the year but the latest USDA ERS data from 2014 shows that 

anhydrous ammonia was $0.43 per lb. This means 100 lb per acre of anhydrous ammonia is $43. 

The nutrient content of synthetic fertilizers is not 100% so 100 lb of anhydrous ammonia does not 

equate to 100 lb N to a field. More synthetic fertilizer must be purchased to supply a field with the 

desired amount of nutrient. While $43 per 100 lb may not seem like much at first glance, 

agronomic expenses add up quickly, especially for large-scale farming operations. Farmers 

growing crops of all kinds can save hundreds or even thousands of dollars each growing season 

from the free release of nutrients by decomposing organic matter. Tomato production, in particular, 

is typically quite expensive as it is very labor intensive, so growers need to look for any financial 

edge they can find.  

 Leaf compost appears to be one practice in which producers can dramatically cash in, 

especially as leaves are often a free input. Many cities will transport municipal leaf collections 

directly to farming operations free of charge. Dan Perkins, the Demotte, Indiana farmer whose leaf 

compost was utilized for the experiment, wrote that the leaves he used to create the compost were 

“Free. We are really close to town so it saves them a ton of money to not have to haul as far or pay 

tipping fees at a landfill or maintain their own brush site.” Urban agriculture can take advantage 
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of this great resource of compostable material because, by definition, these operation find 

themselves within city limits. Presumably, the shorter distance a city has to haul a shipment of 

leaves, the more likely it is to agree to freely hand over these leaves. Agricultural producers of any 

size have a lot to gain in their soils and pocketbooks were they to tap into this potentially free 

resource. 

 It is important to test soils in a timely fashion as recommended by experts to ensure that 

excess fertilizer is not being applied in amendments like compost. Excess fertilizer, particularly 

water-soluble N, is harmful to both the environment and a farming operation’s bottom line. 

Moreover, farmers and gardeners who try to rely exclusively on compost to meet plant fertility 

needs can end up oversaturating their soil in P, because plants need more N relative to P. Many 

composts, especially those derived from animal manures, contain roughly equal concentrations of 

these two important nutrients. In a recent survey of 25 urban farms in the Netherlands managed 

primarily using composted fertility amendments, nutrient applications of N, P and K severely 

exceeded crop needs, and P in particular, was 76% greater than the legal limit (Wielemaker et al., 

2019). Excess soil P can lead to water quality problems such as eutrophication and negatively 

impact the health of plants by interfering with the uptake of other critical plant nutrients like 

calcium. One of the potential benefits of using leaf mold compost is that it has a low amount of P 

relative to N, so it could help growers supply critical nutrients like N while avoiding the build-up 

of P.  

Interpreting the results of a soil test are often difficult for growers and one area of confusion 

is figuring out what P1 and P2 values represent and what the difference is between the two. P1 

values are often referred to as “Weak Bray”, while P2 values are “Strong Bray”. P1 values refer to 

the readily available amount of P in the soil that a plant can take up and is the primary value used 

to make P application recommendations. P1 levels below approximately 15 ppm are considered 

low, 15-25 ppm are considered medium and levels above 25 ppm are considered high (Miyao, 

2013). P2 values refer to the amount of P that is not initially available to the plant, but will become 

available to the plant throughout the growing season. An unusually high P2:P1 ratio indicates that 

most of the P in highly insoluble forms and will not become available for plant uptake.  

During the 2019 growing season, the leaf mold compost amendment significantly increased 

the amount of P1 and P2 values in soil. Money saved from the addition of available P in the soil is 

one way in which growers can benefit from incorporating leaf compost into their soils. Supplying 
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sufficient P to plants is very important because P is a major macronutrient essential to growth and 

crop production. P is essential for taking in the sun’s energy and converting it to forms that can be 

used for growth and reproduction (Sawyer, 2000). P deficiency symptoms include: stunted growth, 

delayed maturity and poor fruits and seed development (Nathan, 2016). P deficiency is often 

observed in low fertility and low organic matter content soils in early spring as cool soil 

temperatures inhibit the activity of the soil microorganisms that release nutrients (Iowa State 

Extension, n.d.). Leaf compost-incorporated subplots during the 2019 growing season had 

significantly greater total SOM so it should not come as a major shock that P1 and P2 values were 

higher as well. To this end, leaf compost appears to be a potential alternative amendment for 

treating soils with chronically low levels of P. However, P1 and P2 levels of 58.5 and 72.6 ppm, 

respectively, are quite high for soils. As described above, excessive P is an issue as this 

circumstance can lead to difficulties for a plant to take up essential micronutrients (Provin and Pitt, 

2019). In addition, soils with excess P can be a point source of pollution. Similar to N, excess P 

can end up in lakes, ponds and rivers where they can promote algal bloom and eutrophication. 

Consequently, growers need to carefully consider how excessive applications of compost can lead 

to soil P enrichment. During the 2020 growing season in this trial, differences in P1 and P2 were 

not significantly different between the composted and non-amended plots, indicating that an 

uncompressed three-inch layer of leaf mold compost can improve soil health without leading to 

excessive P levels in soil.  

 Measuring nitrate (NO3-), nitrite (NO2-) and ammonium (NH4+) levels in a soil is very 

important as these forms of N are vital in the N cycle and they represent the forms of N that are 

available for plant uptake. Nitrogen is a key building block for plant DNA and also the most 

common limiting nutrient in plant growth and development. NH4+ is the first form of plant 

available N released during the microbially-mediated soil N cycle.  NH4+
 is then further 

mineralized by soil microbes into NO2- and then NO3-. NO2- is not useable by plants directly 

(Cleemput and Samater, 1995), though plants heavily rely on NO3- as their most preferred N source. 

NH4+
 and NO3- can also be taken up by other soil microbes and immobilized in their tissues, 

thereby reducing availability to plants. This occurs in the presence of organic materials that have 

high C:N ratios since, unlike plants, soil microbes are limited in C rather than N. Because NO3- is 

negatively charged like most soil clays and highly processed SOM, it can be leached from the soil 
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profile, especially when water availability is high. Therefore, careful N management is a critical 

consideration for maximizing crop yield and protecting environmental health. 

 During the 2019 growing season, soil concentrations of NH4+, NO-2 and NO-3 were 

significantly greater in the compost amended plots, indicating that this leaf mold compost can help 

supplement plant N needs. However, the levels of these N compounds were not excessive enough 

to indicate potential problems. Tomato leaves grown in compost amended plots during 2019 

growing season exhibited greater SPAD meter readings, providing evidence that the compost was 

aiding in plant N acquisition. Relative chlorophyll content in leaves quantified using a SPAD meter 

is an efficient way to evaluate plant N status in many crops and some tree species (Bonneville, 

2006). Unfortunately, SPAD measurements were not collected during the 2020 growing season 

since the meter was not operational in time for use in July and August. However, given increases 

in the vigor and yield in the compost amended plots in year, we expect that the compost helped 

the plants obtain N either directly or through indirect processes. Biologically healthier soils have 

been found to increase crop yields per unit of mineral N fertilizer (Wade et al., 2020), by processes 

that include increasing SOM and improving soil tilth which allows plant roots to better explore the 

soil profile. Wade et al. (2020) do note that in most cases, biologically healthier soils cannot be 

relied upon to replace the use of mineral N fertilizers. However, increasingly efficient N use by 

plants and N release in the soil by microorganisms means long-term financial savings for farming 

operations. 

Relationships between leaf mold compost and tomato crop health and productivity 

 The biggest challenge facing organic tomato growers is managing pathogens that cause 

plant diseases (Hoagland et al., 2015). Interestingly, while we did not observe visible reductions 

in damage caused by foliar pathogens during 2019, we did observe evidence of lower disease 

pressure in compost amended plots in 2020.  Visual assessments of disease severity in field trials 

is challenging and ratings can be subjective since it is difficult for the human eye to accurately 

quantify infection levels (Bock et al., 2020). Therefore, it is possible that there were decreases in 

disease severity during the 2019 growing season as well that we were not able to effectively capture 

it with our rating system. Significantly greater vigor ratings during both growing seasons in 

compost amended plots helps support this assertion. Healthier, stronger plants with greater access 

to nutrients tend to ward off diseases better than weaker, feebler ones. Many studies have 
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demonstrated that amending soils with certain types of compost can increase a soils ‘disease 

suppressive’ capacity by increasing the abundance and activity of microbes that can suppress 

pathogens directly and/or indirectly by stimulating ISR (Schlatter et al., 2017). We did not directly 

measure changes in the composition and activity of soil microbial communities with disease 

suppressive activity in this trial. However, we did observe the presence of Trichoderma in all soils 

using PCR. This indicates that there are native populations of these beneficial fungi in these soils 

that could have been stimulated by the leaf mold compost, though further research would be needed 

to support this assumption.  It is unclear at this time if the leaf compost-treated soils increased a 

plant’s ISR given the methods used in this experiment. Additional research will also need to be 

conducted in this area to further bolster or refute this claim. Flying fields with unmanned aerial 

vehicles (UAVs) or drones fitted with hyperspectral cameras could help researchers obtain more 

accurate assessments of disease severity in tomato fields (Abdulridha et al., 2019). What can be 

said is that plants grown in compost-treated soils exhibited fewer symptoms of foliar disease and 

increased growth and vitality when judged visually. Whether a causal relationship exists between 

the two is beyond the scope of this experiment. 

 Yields from tomato plants grown in soils incorporated with the leaf mold compost were 

positively affected from the treatment. In 2019, we observed a 74.6% increase in the number of 

good fruits and an 87.5% increase in total good plus healthy green fruit weight at harvest on plants 

grown in the compost amended plots when compared with the unamended controls. The 2020 

growing season mirrored these results. There was a 63.1% increase in the number of good fruits 

and a 49.6% increase in the total weight of good fruits plus healthy green fruits picked during the 

final harvest. Combining the two years, a 67.7% increase in the total number of good fruits and a 

59.3% increase in the total weight of good plus healthy green fruits picked during the final harvest 

was observed.  

 How do these yield increases compare to other forms of fertilizer? The optimal amount of 

synthetic NPK fertilizer for tomato growth is around 223-250 lb/acre before hitting the point of 

diminishing returns. This amount improves yields by around 30% compared to control plots (Isah 

et al., 2014). This is less than the observed 56% increase in yield by weight per plant that was 

observed in our two-season experiment. Treatment with vermicompost, decomposed material from 

microorganism and worms, has previously been shown to increase tomato yields by 71.7% 

compared to control soils, and chicken manure compost treatment increased yields by 69.0% 
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compared to control soils (Wang et al., 2017). These results compare quite similarly to the yield 

results from our leaf compost experiment. 

 Compost also has the added advantage over synthetic fertilizers of improving the soil’s 

biogeochemical properties. In fact, indiscriminate use of synthetic fertilizers over the 20th and early 

21st century has had detrimental effects on the health of soils worldwide (Gastal and Lemaire, 

2002). This is very important because the positive boost in yield from compost has the potential to 

carry on year-over-year. Synthetic fertilizers leach into the environment quite easily and need to 

be reapplied annually to maintain yields. Crop yields respond very positively when soil properties 

are improved. One agronomic study found that improved soil properties accounted for around 40% 

of yield increases, while synthetic fertilizer accounted for 21% of the increase. Manure accounted 

for the remaining 39% (Abera et al., 2017). The beneficial effects on yield from a leaf compost 

incorporated into the soil are profound, but compost alone will most likely not provide the yields 

needed to sustain future global populations. Research is currently being done to study the effects 

of compost/synthetic fertilizer hybrid treatments. One study showed a 145% increase in tomato 

fruit yield when a compost of maize stover, cassava peels and poultry manure was mixed with N 

from urea (Taiwo et al., 2007). 

 Our yield results are very promising, especially taking into account the cost, time 

commitment and positive environmental impact of recycling leaves back into the ground. The 

agricultural sector is being called upon to increase yields, while decreasing negative environmental 

impact. This seems like an impossible task at first. On top of that, current tariffs and trade 

disagreements with China, COVID-19 food chain disruptions, rising input costs and declining 

future prices are just a few reasons why many producers find themselves in an economic crunch. 

In fact, 595 American family farmers filed Chapter 12 bankruptcies in 2019: an eight-year high 

(McCarthy, 2019). USDA estimates show that fertilizer input costs have risen from around $50 

acre-1 in the year 2000 to around $125 acre-1 in 2017 (Figure 3.22) 
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Figure CHAPTER 3.22. Average United States fertilizer, seed and pesticide prices per acre, 

2000-2017 (USDA ERS) 

 

 The results of this two-year experiment, in conjunction with a growing body of evidence, 

show that compost treatments have the potential to increase yields without increasing synthetic 

fertilizer demand. In other words, there is great potential to increase revenue without increasing 

the cost of inputs. This potential exists while ameliorating poor health of soils, which is a farm’s 

most valuable asset. Smarter, greener solutions such as the utilization of leaf compost on a farming 

operation can make the difference between survival and bankruptcy for traditional, organic and 

urban farmers alike.  

3.4.2 Trichoderma harzianum T-22 inoculation 

Trichoderma survival and effect on yield 

 The second objective of this trial was to determine if inoculating tomato plants with T. 

harzianum T-22 could further increase the health and productivity of tomato plants. Previous 

studies conducted under controlled conditions have demonstrated that this fungal isolate can help 
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plants acquire nutrients, withstand abiotic stress and induce systemic resistance to pathogens in 

tomato (Jaiswal et al., in review). 

 However, results have been much more variable in the field. This makes it difficult for 

farmers to rely on these microbes to improve plant growth and help them fight pathogens that 

cause disease. We aimed to determine if leaf compost amended soils could provide an environment 

more conducive to fungal growth and thereby increase the survival and activity of this beneficial 

microbial inoculant in the field.  The dramatic increase in survival of tomato plants following 

transplanting during both years of this trial clearly demonstrate the benefits of inoculating tomato 

seedlings with this fungus. This could translate into real savings for growers by lowering the costs 

of transplants and labor associated with replanting dead plants.  

 We did not observe statistically significant reductions in disease ratings or tomato plant 

vigor in response to the T. harzianum inoculant in either the compost amended or non-amended 

control treatments. It is interesting to note however, that August SPAD readings during 2019 for 

control plants were slightly elevated compared to T. harzianum inoculated plants, indicating that 

the introduced fungus could be taking some resources from the plant. We were not able to verify 

if the compost treatments supported greater survival and proliferation of the fungal inoculant by 

qPCR as Trichoderma levels were too low to be detected. However, analysis from plate trials 

created from 2020 soil samples provide exciting evidence that compost amended soils fostered an 

environment more conducive to the abundance and survival of Trichoderma organisms. This can 

be deduced based on the results from Table 3.18. Trichoderma inoculations did not lead to 

significantly increased populations in unamended subplots that were inoculated compared to 

unamended subplots that were not inoculated. On the flip side, compost amended subplots 

inoculated with Trichoderma did exhibit significantly increased populations compared to amended 

subplots that were not inoculated. These results were only from one growing season and will need 

to be replicated to ensure that leaf compost does indeed reduce variability in the survival and 

abundance of Trichoderma organisms in a field setting. With that being said, the results from this 

experiment are very promising as industry leaders figure out how to increase the efficacy of 

biotechnologies. 

 In future trials, researchers should consider planting extra plants that can be destructively 

harvested to obtain root samples and quantify T. harzianum abundance in plant roots since this is 

where these fungi best thrive and support plants. We did observe a slight yield difference when 
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comparing T. harzianum inoculated plants to the non-inoculated control plants. Over the two 

growing seasons, inoculated plants produced 17.4% more good fruits compared to control plants 

and 13.6% more good fruits plus healthy green fruits picked during the final harvest by weight 

when compared to the non-inoculated control plants. However, these results were not statistically 

significant so this effect cannot be attributed to T. harzianum inoculations. Future researchers 

might consider adding larger volumes of the fungal inoculant in post-transplant treatments to better 

support this beneficial fungus. 

Influence of tomato genotype  

 Scientists have long known that tomato genotypes or varieties vary in resistance to 

individual microbial pathogens and therefore selecting for disease resistance has and continues to 

be an important component of plant breeding programs. In more recent years, scientists have 

discovered that tomato genotypes also vary in their potential to support beneficial microbes that 

can help plants acquire resources and withstand biotic and abiotic stress (Tucci et al., 2011l 

Hoagland et al., 2015; Jaiswal et al., in review). Learning how to leverage these beneficial plant-

microbial relationships in tomato breeding programs could provide further benefits to growers and 

help reduce the need to apply pesticides that can negatively affect the environment. We have 

previously determined in controlled trials that tomato cv. Corbarino is better able to support and 

reap the benefits of T. harzinum in terms of ISR against two foliar pathogens than cv. Wisconsin 

55 (Jaiswal et al., in review). Here we aimed to determine if these differences would hold up in 

the field, leading to lower disease severity in Wisconsin 55. 

 2020 seedlings photos provide visual evidence of the beneficial growth effects of T. 

harzianum inoculations and how these results varied by genotype (see Figures 3.15-3.20). We 

observed dramatic differences in the height and capacity of tomato plants to withstand transplant 

stress in the field in response to the T. harzianum inoculant, but the results were the opposite of 

what we expected. Both the height at transplanting and ability to survive transplant stress were 

significantly greater in cv. Wisconsin 55 than Corbarino. While the effect is generally transient, 

the initial induction of systemic defense responses in tomato plants can represent a cost to the plant 

as they must relax their defense responses to permit colonization by the beneficial microbial 

inducer. Consequently, this could be why we observed less of a response in Corbarino in terms of 

early vigor and capacity to withstand transplant stress. It is also plausible that Wisconsin 55 is 
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weaker during the seedling stage relative to Corbarino, which is supported by our observation of 

far fewer deaths following transplanting in Corbarino vs. Wisconsin 55. In addition to ISR, T. 

harzianum can also help plants acquire water and nutrients much like AMF, and these benefits are 

greater in weaker tomato genotypes. Further research to investigate this hypothesis are warranted 

based on the results of this trial. In the meantime, the results obtained further underscore the 

benefits growers could receive by inoculating their tomato transplants with this beneficial fungus, 

regardless of the varieties they plant. 

 Both Wisconsin 55 and Corbarino varieties tomatoes produced significantly more good 

fruit when grown in compost amended soils. Composted Wisconsin 55 subplots produced an 

average of 45% more good fruit, while Corbarino subplots grown in compost produced 71% more 

good fruit. This effect was also observed for good fruit weights plus the weight of good green 

fruits picked during the final harvest. In contrast, we observed no significant difference in either 

variety in response to the T. harzianum inoculant, regardless of whether the plants were grown in 

compost amended or non-amended soils. This would suggest that genotypic differences in T. 

harzianum responsiveness do not carry through in the field. It is interesting to note however, that 

the increase in tomato yield in response to the compost amendment was greater in Corbarino than 

Wisconsin 55. Since compost amendments can increase the composition and abundance of soil 

microbes with disease suppressive activity like Trichoderma (Schlatter et al., 2017), it is possible 

that the greater yield response in Corbarino was due, at least in part, to greater responsiveness to 

these microbes and a corresponding lower disease severity. However, this assertion would need to 

be verified in future trials. 

3.4.3 Conclusions and Big Picture Impacts 

 Technological advances during the Green Revolution of the 20th century allowed the 

human population to rise sharply by increasing global yields of staple crops substantially. These 

yield improvements are said to have saved a billion lives by providing food for a rapidly increasing 

global population, especially in lesser developed nations. Modern agricultural scientists face a 

similar set of circumstances. The global population is expected to rise by an estimated two billion 

people in the thirty-year window from 2020-2050. Two billion additional mouths to feed presents 

massive challenges to the global food system. Rising population and urban sprawl in many 
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countries has led to housing and commercial developments on productive peri-urban and rural 

soils, while climate change is another major variable to be dealt with as it is already negatively 

impacting global yields of wheat, maize and many other crops worldwide (Global Commission on 

Adaptation, 2019). If necessity is truly the mother of innovation, agricultural science is on the cusp 

of major technological advance. 

 The findings of this two-year experiment provide evidence for the power of green 

biotechnologies in the fight against global hunger and climate change, particularly in urban settings.  

The beneficial effects that leaf compost can have on both soil health and tomato yields when it is 

applied as a soil amendment are very encouraging. The benefits of increasing SOM and microbial 

survival and diversity are numerous. Improving soil aggregation and water holding capacity are 

especially important results for producers in dry environments seeking to reduce irrigation needs. 

P and N are two members of the NPK fertilizer triumvirate of macronutrients that plants need to 

grow and thrive. Observed increases in soil P and plant tissue N from compost treatments are 

encouraging results in the effort to decrease the need for synthetic fertilizer application to crops. 

Combining organic matter’s ability to hold soil together and a subsequent decreased need for 

fertilizer application indicates that leaf compost applications can be a useful method for reducing 

nutrient runoff that leads to harmful eutrophication of streams, lakes, rivers, gulfs and oceans. 

Increasing SOM content and nutrient quantity also has the potential to save producers substantial 

amounts of money by reducing fertilizer cost, reducing nutrient loss from erosion, reducing water 

inputs and increasing nutrient availability to plants. 

 Yield improvements of the proportions observed in this trial would be considered very 

impressive for state-of-the-art technologies created by scientists in multi-million dollar 

laboratories. Our method of tilling 3-year old composted fallen leaves into the soil is neither state-

of-the-art nor a multi-million dollar research creation. The benefits to producers of increasing 

yields is quite obvious in that it allows farmers to have more product to sell in the marketplace, 

meaning more income for their families, their savings and next year’s expenses. More efficient 

food production is also a necessary step in the right direction in the Malthusian race against time.

 Reducing the occurrence of death from transplant shock due to the T. harzianum inoculant 

is yet another opportunity observed through this research project for producers to save money. 

Attenuating transplant shock death is very important as this issue has the potential to become a 

major concern for producers as growing conditions are becoming increasingly harsh for transplants 
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as they acclimate from greenhouse to outdoor fields. In this way, the use of microorganisms like 

T. harzianum as a seedling inoculant may become a necessary practice used by producers to 

combat climate change as time progresses. 

  Feeding the growing urban population is going to be an especially tricky endeavor. Urban 

growth is projected to be the most rapid in low- and lower-middle-income nations (United Nations, 

2018). The need for local, community-driven food production sites in these areas is of critical 

importance to successfully feed everyone. Urban agriculture operations are designed to do just this. 

These sites are typically small and need to maximize the space they are allotted. Leaf compost 

amendments can have significant impacts on both yield and overall soil health of urban agriculture 

operations, thus maximizing urban farm space. T. harzianum inoculations also appear to increase 

efficiency on these operations and our results give preliminary evidence that leaf compost 

amendments aid in the survival of Trichoderma organisms in the field.  Improving yields on urban 

farms greatly increases the chance for residents to gain access to fresh, healthy produce previously 

unavailable to them. This access can directly aid in the fight against the synergy of epidemics (food 

insecurity, malnutrition and obesity) that urban residents deal with on a daily basis (Swinburn et 

al., 2019). Tree leaves are a major source of organic compostable material within city limits, 

particularly inside of a metropolis. Urban farm managers are encouraged to contact city waste 

officials and inquire about the fate of fallen leaves collected by the city. Leaves are a potentially 

free resource with a proven track record. There is nothing to lose by asking, but a slew of benefits 

to gain.  

Suggestions for future research 

 Future studies testing the moisture content of leaf compost treated soils against control 

soil could prove useful data for producers. Leaf compost amendments are touted for their 

ability to increase a soil’s water holding capacity so precise moisture quantification of 

this variable could be very beneficial for water conservation purposes. 

 Future research projects could also measure the residual effects of growing crops year 

after year on the same experimental plot to see if subsequent years shows similar results. 

Synthetic fertilizer applications are required annually, but large sums of money could be 

saved if experimental data can show residual benefits of leaf compost.  
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 Our two-year experiment shows that treating subplots with a leaf compost increased 

yields significantly. This is no doubt a positive result in the ongoing battle to feed a 

growing global population. However, discovering methods of increasing yields only 

fulfills one of the two major requirements that are placed on modern agricultural 

scientists and producers. Modern day success in agriculture requires an increase in output 

while also decreasing negative environmental impacts. Future studies should be 

undertaken to dig deeper into year-after-year environmental impacts of amending soils 

with leaf compost. Questions to investigate include, but are not limited to: Do leaf 

compost amended soils decrease the risk of nutrient leaching? Do leaf composted soils 

significantly reduce the need to irrigate? What are long-term C sequestration impacts 

when comparing control soils to soils amended with leaf compost? 

 Decreased SPAD readings for T. harzianum treated plants in August of 2019 and 2020 

raises an interesting question concerning the efficacy of biological control agents. Is there 

a possibility that symbiotic T. harzianum organisms are a resource sink that are utilizing 

nutrients that the plant would otherwise have taken up? Further research could be done to 

investigate whether inoculation with T. harzianum communities deprive nutrients from 

the roots in which they colonize.  

 Significant differences for various soil tests were observed in 2019 tests, but not for 2020 

tests. This may be due to more compost added incorporated into the soil in the 2019 

season compared to the 2020 season. Future research investigating the effects of various 

amounts of leaf compost incorporated into the soil could prove very useful for 

discovering a recommended amount.  

 Discussing whether or not compost treatments significantly affected T. harzianum 

population growth and abundance in the root zone of tomato plants cannot be 

accomplished using qPCR results. qPCR results were unable to be attained due to 

population levels of T. harzianum too small for the machinery to detect. Better methods 

for quantifying T. harzianum in soils are needed as are studies that collect plant roots.  

 T. harzianum inoculations significantly reduced transplant shock deaths of Wisconsin 55 

but not Corbarino variety plants. Future research that pinpoints phenotypic discrepancies 

between genotypes is necessary to ensure optimum efficiency of microbial inoculation 

treatments. 
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 Many results throughout this research project yielded insignificant results. There does, 

however, seem to be a trend when analyzing these insignificant results. Compost treated 

plots tested 27.2% higher in K levels, 9.2% in Mg levels, 9.2% in Ca levels and 10.3% in 

cation exchange capacity (CEC).  Compost treated subplots also exhibited a 30% increase 

in the average amount of NO3- + NO2- and a 15% increase in the average amount of NH3 

compared to control soils. These results indicate that further research in this area is 

needed to validate whether these results were due to chance or if they are replicable in 

commercial settings. 
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 CONCLUSION 

 Urban food insecurity in the form of food deserts affects many college campuses, including 

Purdue University, and our survey results indicate that many graduate students experience both 

individuals and structural barriers when accessing nutrient-dense fruits and vegetables. Students 

without personal vehicles appear especially vulnerable to the negative effects from the local food 

landscape. Many more graduate students discussed how the food shock caused by the COVID-19 

pandemic added even more barriers to access. Increasing local production of fresh produce from 

urban farms and community gardens appears to be one method of forging a stronger, more durable 

food system from which individuals living in areas of low access can receive supplementary help. 

Urban operations are often quite small and need to maximize the land they are allotted. The results 

of these experiments build upon both current research and ancient wisdom that recycling organic 

material from composted leaves into the soils of agricultural production sites simultaneously 

improves the productivity and health status of a soil, while creating an environment more 

conducive to fungal community growth and abundance. The reduction of transplant shock deaths 

due to T. harzianum inoculations builds upon mounting evidence that microbial inoculants can be 

utilized as effective agricultural treatments in the field when introduced in soils that supports their 

survival. These results provide optimism that agriculture, particularly urban agriculture, can 

continue to innovate and feed the rapidly increasing global population. 
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APPENDIX A. COMPLETE SURVEY 

 

Purdue Graduate Students' Fresh Produce 
Consumption in the Food Desert 
 

 

Start of Block: Demographic Information 

 

1) Sex 

o Male  

o Female  

o I prefer not to answer  

 

 

 

2) Are you currently pursuing a Master's degree or a PhD at Purdue University? 

o Master's  

o PhD  
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3) Are you a United States citizen or International student? (If international, please list your 

country(s) of citizenship) 

o United States citizen  

o International student ________________________________________________ 

 

 

 

4) Which program will you be receiving your degree from? (Please check all that apply) 

▢  Agriculture  

▢  Engineering  

▢  Health/Human Services  

▢  Liberal Arts  

▢  Krannert Management  

▢  Pharmacy  

▢  Education  

▢  Science  

▢  Other ________________________________________________ 

 

 

 



 

 

203 

5) Which option best describes your work/school responsibilities this semester? (Please check all 

that apply) 

▢  Research/Lab work  

▢  Classes  

▢  Teaching  

 

 

 

6) Which option best describes your transportation status? 

o I drive my own personal vehicle while at Purdue  

o I rely on public transportation to get to places  

o I rely on friends and family to drive me around to places  

o I rely on ride-sharing companies like Uber to get to places  

o I mainly get around by walking, bike, skateboard, or scooter  

 

 

 



 

 

204 

7) Which option best describes who pays your cell phone bill? (Check all that apply) 

▢  Myself  

▢  Parents  

▢  Other Family Member  

▢  Spouse  

▢  Friend  

▢  I do not own a cell phone  

 

 

 

8) Which best describes the location of your primary living space? 

o On campus  

o Off campus within a 5 minute drive of campus  

o Off campus with a 5+ minute drive to campus  

 

 

 

9) In one sentence, why did you complete this survey? 

________________________________________________________________ 
 

End of Block: Demographic Information 
 

Start of Block: Fruit and Vegetable Consumption 
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Fruit Serving Sizes                                                                           

-Apple, pear, orange, peach or nectarine: 1 medium        

-Avocado: Half of a medium                                                        

-Banana: 1 small                                                                             

-Grapefruit: Half of a medium                                                  

-Grape: Around 16                                                                            

-Kiwi: 1 medium                                                                                                                   

-Mango: Half of a medium                                                              

-Melon: Half-inch thick wedge (All melons)                              

-Pineapple: 1/4 of a medium                                                           

-Strawberry: 4 large                                                                          

 

 

(Courtesy of the American Heart Association) 
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10) In the past 24 hours, approximately how many servings of fruit (Fresh, Canned or Frozen) 

have you consumed in each of the different time frames? 

 0 1 2 3 4 5+ 

Breakfast  o  o  o  o  o  o  
Mid-Morning 
Snack  o  o  o  o  o  o  
Lunch  o  o  o  o  o  o  
Mid-
Afternoon 
Snack  o  o  o  o  o  o  

Dinner  o  o  o  o  o  o  
Late-Night 
Snack  o  o  o  o  o  o  

 

 

 

Vegetable Serving Sizes 

-Bell Pepper: Half of a large 

-Broccoli/Cauliflower: 5-8 florets 

-Carrot: 6 baby or 1 whole medium 

-Corn: 1 small ear or half of a large ear 

-Leafy vegetable: 1 cup raw or 1/2 cup cooked 

-Potato: Half of a medium 

-Squash, yellow: Half of a small 

-Sweet Potato: Half of a large 

-Zucchini: Half of a large 

 

 

(Courtesy of the American Heart Association) 
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11) In the past 24 hours, approximately how many servings of vegetables (Fresh, Canned or 

Frozen) have you consumed in each of the different time frames? 

 0 1 2 3 4 5+ 

Breakfast  o  o  o  o  o  o  
Mid-Morning 
Snack  o  o  o  o  o  o  
Lunch  o  o  o  o  o  o  
Mid-
Afternoon 
Snack  o  o  o  o  o  o  

Dinner  o  o  o  o  o  o  
Late-Night 
Snack  o  o  o  o  o  o  

 

 

End of Block: Fruit and Vegetable Consumption 
 

Start of Block: Fresh Produce Consumption 
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12) Where does the majority of fresh produce you consume come from? 

o Supermarket  

o Restaurants  

o Cafeterias  

o Convenience Store  

o Personal Garden, Local Farmer  

o Food Pantries  

 

 

 

13) Where do you go for the majority of the fresh produce you cook and eat at home? 

o Walmart  

o Aldi  

o Payless  

o Farmer's Market  

o Fresh Thyme  

o Purdue ACE Food Pantry  

o Online  

o Other ________________________________________________ 
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14) In the last year, where have you gotten fresh produce? 

▢  Walmart  

▢  Aldi  

▢  Payless  

▢  Farmer's Market  

▢  Fresh Thyme  

▢  Purdue ACE Food Pantry  

▢  Online  

▢  Other ________________________________________________ 
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15) How important are each of these factors when purchasing fresh produce? 

 
Not at all 
important 

Slightly 
unimportant 

Neither 
important nor 
unimportant 

Slightly 
important 

Very important 

Taste  o  o  o  o  o  
Freshness  o  o  o  o  o  
Low Price  o  o  o  o  o  
High Price Ensuring 
High Quality  o  o  o  o  o  
Nutrition  o  o  o  o  o  
Convenience/Easily 
Prepared  o  o  o  o  o  
Food Safety  o  o  o  o  o  

 

 

 

 

16) I include fresh produce in my diet because: 

________________________________________________________________ 
 

 

 

17) Is fresh produce difficult to include in your diet? (If yes, please explain why. If no, please write 

"No.") 

________________________________________________________________ 
 

End of Block: Fresh Produce Consumption 
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Start of Block: Coronavirus Considerations 

18) How has the recent coronavirus epidemic affected food purchasing and preparation habits? 

________________________________________________________________ 
 

 

 

19) How has the coronavirus pandemic affected the importance of the following factors when 

obtaining groceries? 

 

I feel that this is 
LESS important than 
it was before the 
coronavirus 
pandemic 

I feel that this is 
JUST AS 
IMPORTANT as it 
was before the 
coronavirus 

I feel that this is 
MORE important 
than it was before 
the coronavirus 
pandemic 

I did not feel this 
was important 
before the 
coronavirus 
pandemic and I still 
do not feel that it is 
important 

Taste  o  o  o  o  
Freshness  o  o  o  o  
Price  o  o  o  o  
Nutrition  o  o  o  o  
Convenience/Easily 
Prepared  o  o  o  o  
Food Safety  o  o  o  o  
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20) Once the situation returns to normal, how likely are you to have your groceries delivered to 

your place of residence? 

o More than I did before the coronavirus pandemic  

o The same as I did before the coronavirus pandemic  

o Less than I did before the coronvirus epidemic  

o I did not shop for groceries in this way before the coronavirus pandemic and I won't after 

the pandemic  

 

 

 

21) Once the situation returns to normal, how likely are you to order your groceries online and 

physically pick them up at the supermarket? 

o More likely than I did before the coronavirus epidemic  

o Just as likely as I did before the coronavirus epidemic  

o Less likely than I did before the coronavirus epidemic  

o I did not shop for groceries in this way before the coronavirus pandemic and I won't after 

the pandemic  
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22) How would you describe the level of difficulty associated with food purchasing during the 

coronavirus pandemic? 

o Harder than normal  

o The same as normal  

o Easier than normal  

 

 

 

23) How would you describe your current overall fruit and vegetable consumption compared to 

pre-coronavirus pandemic times? 

o I am eating more fruits and vegetables than during normal times  

o I am eating the same amount as I did during normal times  

o I am eating less fruits and vegetables than during normal times  

 

 

 

24) How do you believe the coronavirus pandemic has affected volunteering needs? 

o There is a greater need for people to volunteer somewhere than during normal times  

o There is a similar need for people to volunteer somewhere than during normal times  

o There is a less need for people to volunteer somewhere than during normal times  
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25) How much risk are you putting yourself in when volunteering during the coronavirus pandemic? 

(Please indicate the level of risk for the following volunteering opportunities.) 

 No Risk At All Very Little Risk Average Risk 
Slightly Above 
Average Risk 

Extreme Level 
of Risk 

Hospital 
Volunteering  o  o  o  o  o  
Blood Drive 
Volunteering  o  o  o  o  o  
Assisted 
Living/Retirement 
Home/Older 
Adult 
Volunteering  

o  o  o  o  o  

Food Distribution 
Volunteering  o  o  o  o  o  
Community 
Garden 
Volunteering  o  o  o  o  o  

 

 

End of Block: Coronavirus Considerations 
 

Start of Block: Community Garden Participation 

 

Community Garden- A single piece of land gardened collectively by a group of people. 

Community gardens utilize either individual or shared plots on private or public land while 

producing fruit, vegetables, and/or plants grown for their attractive appearance. (Wikipedia) 
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26) Are there any community gardens within a 15 minute drive of your place of residence? 

o Yes  

o No  

o Unsure  

 

 

 

27) How often do you volunteer at a community garden? 

o Weekly  

o Monthly  

o Once every 6 months  

o Once a year  

o I do no volunteer at any community gardens  
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28) What value does a community garden bring to the communities where they are located? 

 
Strongly 
disagree 

Somewhat 
disagree 

Neither agree 
nor disagree 

Somewhat 
agree 

Strongly agree 

Community 
gardens help 
those in need 
put food on the 
table  

o  o  o  o  o  

Community 
gardens 
increase the 
community's 
sense of 
togetherness  

o  o  o  o  o  

Community 
gardens care 
about improving 
the 
environment in 
which they are 
embedded in  

o  o  o  o  o  

Community 
gardens are a 
necessary 
element in a 
functioning 
community  

o  o  o  o  o  

 

 

 

 

29) What value have you personally experienced from a community garden? (If none, please write 

"None".) 

________________________________________________________________ 
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30) What experience, positive or negative, have you had with a community garden? (If no 

experience, please write "None".) 

________________________________________________________________ 
 

 

 

 

31) I would be more likely to volunteer at a local community garden if: 

(Please indicate the degree to which you agree or disagree with the following statements) 

 
Strongly 
disagree 

Somewhat 
disagree 

Neither agree 
nor disagree 

Somewhat 
agree 

Strongly agree 

Opportunities to 
volunteer were 
better 
communicated 
to me  

o  o  o  o  o  

Transportation 
to and from was 
provided for me  o  o  o  o  o  
I knew the 
community 
garden staff 
were friendly 
and 
accomodating  

o  o  o  o  o  

I knew my level 
of gardening 
experience was 
accepted  

o  o  o  o  o  

I had the proper 
clothing  o  o  o  o  o  
Opportunities 
did not conflict 
with my 
schedule  

o  o  o  o  o  
I was able to 
take home fresh 
produce from 
the garden  

o  o  o  o  o  
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32) Are you interested in volunteering at a community garden? 

o Yes  

o No  

 

 

 

33) What is the best method for a community garden to convey information about the work they 

do and volunteering opportunities?  

o Text  

o Email  

o Social Media Pages  

o Other ________________________________________________ 

 

End of Block: Community Garden Participation 
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APPENDIX B. SURVEY CODEBOOK 

 Completed codebook is on a Microsoft Excel document and can be accessed by emailing 

kyle.richardville12@gmail.com. 
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