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Abstract 
The purpose of this study is to define the sustainable differences between vertical 

agriculture and traditional soil based farming. In order to first understand what hydroponic 

towering agriculture, historical research will aid in explaining how technology and agriculture 

have advanced to create such sustainable farming techniques. Readily available food is a 

privilege that people take for advantage and forget that much of the world is not so fortunate. An 

analysis of nutriment deficiency is an important subject to discuss which will pave the path for 

the exploration of alternative types of farming. As populations are on a continuous rise, less 

space will be available for agriculture due to increased demand in houses and city sprawl. The 

concept of vertical agriculture is not only benefiting food availability but it also has the ability to 

beautify a city. It is important now more than ever to begin looking towards alternative 

sustainable ways of life so that there is a future that generations after us can enjoy. Hydroponics 

and aquaponics are advancements in agricultural technology that, if implemented correctly, 

could have tremendous long term benefits. This capstone is heavily based on qualitative 

information with quantitative data to support such results. Combining all of the data, through a 

mixed methods analysis, it will assist someone in understanding the importance of alternative 

agriculture.  
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Introduction 
As soil based farming is dwindling, vertical agriculture and biotecture has started to 

become one of the newest trends. Ever since I was a little girl I’ve always loved the idea of being 

creative with my hands which led me to an interest in food and cooking. As my passion for food 

continued to grow, I began to volunteer at the Hunger Coalition and was their local record keeper 

for a short time. The Wood River Hunger Coalition is a nonprofit organization led by a, 

“volunteer Board of Directors, an Executive Director and 9 Staff Members, and over 150 

community volunteers” (About Us, 2003). The main mission of the organization is to end hunger 

in the community by providing fresh produce and promoting solutions through educating and 

advocating. Their vision is based off of seven values of healthy participation. These include 

compassion, empowerment, human dignity, efficient use of donor resources, responsibility, and 

hope and excellence. After working with this team, I began to have a real sense of food 

privileges and what many people take for granted. 

My hometown, the Wood River Valley, is a small community in Idaho where much of 

the land is undeveloped, something that I greatly miss after leaving. After moving to more of a 

cityscape, I learned about the issues of urbanization and sprawl producing pressures for upward 

expansions. If cities have the ability to develop vertically, can agriculture do the same? The 

agricultural industry currently uses around 51 percent of land in the America (Borchers and 

Nickerson, 2012), while 40 percent of the world’s land (Owen, 2005). Modern technology allows 

farmers to build vertical farms which, can “reduce transport costs and carbon emissions, free up 

land, reduce spoilage, and finally, limit the water usage” (Quinn, 2018). The water issue is a 

huge concern in the southern Arizona region and areas of similar geography. This creates a 

higher demand for alternative agriculture due to the controlled sustainable water system. Such 
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systems include hydroponic/aquaponics gardens and vertical farming which can accomplished 

using artificial LED light sources. My initial experience with the Hunger Coalition lit a spark 

inside of me to be more knowledgeable and aware of not just fresh produce but looking at it in a 

sustainable manner. This capstone focuses on alternative agriculture and how such sustainable 

systems could become the farms of the future. 

Literature Review 

Defining aspects of sustainable agriculture 
 The term sustainability has taken on a multitude of meanings and can be easily 

misconstrued. According to Beus, Dunlap, Howell and Waud (2008) the word sustainability 

alone has caused great debates and confusions throughout history. Due to the form flowing 

definition of sustainability, one can only define lenses of its platform on which the term 

sustainable agriculture is held upon. Based on the interviews completed through the What is 

Sustainable Agriculture? study, a majority of the participants agreed that the following 

definitions were required for the sustainable agriculture definition, “protect and enhance the soil 

base, ensure an adequate supply of safe and wholesome food, reduce chemical use” (2008). The 

concept of overall health, land protection, pollution reduction and energy efficiency are all 

attributes of sustainable agriculture. A sustainable system is one that provides higher outputs, 

than inputs and those inputs, such as water, have all be efficiently used. 

Nutriment security 
 Food security has not always been an issue in the world, but due to skyrocketing 

populations, excess land became prioritized for housing and creating cities. This issue of food 

supply and water reliability is at the center of Despommier, Verbraucherschutz, and 

Lebensmittelsicherheit (2011) discussion on controlled environment agriculture. Plants are prone 

to diseases just as humans are as well as plant pathogens and pests causing harvest losses. A 
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major issue that was mentioned in their article was that the issue of climate change and natural 

disasters cannot be controlled nor its effects be known. Professor Despommier, a public health 

and microbiology specialist, is the president of the Vertical Farm Project at the Columbia 

University gives some thoughtful comments in his texts. His main concern about the accelerated 

climate change is that, “farming as we know it will be marginalized over the next 50 years 

changing weather patterns and increase deforestation” (2009). The issue of traditional farming is 

that the typical solution would be to just expand outwards, however, now the idea of “stacking” 

has the ability to reduce agriculture footprints through the modern integrations of engineering. 

Additionally, what is the cost of the food we are consuming? It’s not just the cost from the local 

grocery stores or restaurants, but the expenses as a whole which includes travel time of the 

product. It should be both a moral and individual responsibility to keep the Earth in its best 

condition in order to sustain the environment for future generations. The bigger problem here is 

that mankind uses thousands of acres of land to grow excessive amounts of food, yet the amount 

waste is sometimes even greater than produced. By throwing out unnecessary amounts of food it 

can cause wasted time growing the produce, wasted land and a waste of nutrients that should be 

put to better use than being thrown out. 

Alternative growing methods 
One of the most amazing things about human inventions is that once someone creates an 

idea or object there will always be alternative ways of recreating the same thing. Food 

production is no different and can be grown in several ways, yet the outcomes are the same. The 

differences between soil based farming and vertical agriculture simply lie within the structure of 

the planting process. Vertical agriculture is a system heavily based on utilizing water to limit the 

amount of soil. The same minerals and nutrients from soil are flushed through a network of 

waterways making it readily available for the roots. Despommier (2009) discussed the problem 
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of water wastage, that around 70% of the irrigated freshwater used up by agriculture becomes 

un-reusable due to the fertilizers, pesticides and other harmful toxins that bleed into the soil. 

With indoor vertical agriculture, the crop yield would be increased to all year around. There will 

always be a demand for alternative items compared to its original and due to the sustainable 

trend occurring in the 21st century, alternative green farming is on the rise. People enjoy being 

healthy and knowing where their food is coming from, that is why farmer’s markets and local 

organic shops are so popular.  

Aquaponics 
It’s amazing how thousands of species of plants evolved from the simple ancestral moss 

and have adapted to survive in various niches. Nearly 470 million year ago, the first land plants 

crept upon the land during the period of Ordovician, thus sparking a rapid diversification of life 

(Marshall 2012). The idea of aquaponics is the movement of soil based agriculture back to a 

water system due to land overcrowding. One of the Southern Regional Aquaculture Center’s 

publication proclaims that “Aquaponics systems are recirculating aquaculture systems that 

incorporate the production of plants without soil…raising large quantities of fish in relatively 

small volumes of water” (Losordo, Masser, and Rakocy, 2006). This integrated system, as the 

SRAC defines it, allows the plants to grow at a rapid pace due to the nutrient rich fish excrement 

in the water. An important nutrient includes nitrate from Ammonia and nitrite, which is toxic to 

fish but important contributor to blooming plants such as fruits and vegetables. In such 

recirculating systems, fish produce amounts nitrogen, in ammonia form, that get directly 

dispersed throughout the water by product of gills, where bacteria convert the ammonia to nitrite 

then to nitrate (Losordo, Masser, and Rakocy, 2006). As the plants’ roots absorb such nutrients, 

the water becomes naturally filtered, diminishing water exchange rates (biofilters) which can be 

very costly. A gravity conscious system would have the plants on an elevated terrace-like 
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structure so that once the water is pumped up to the plants and filtered through the root systems, 

gravity would pull the water back down into the fish tank for a continuous cycle. 

Researchers Adenaeuer and Banerjee (2014) focused in depth the comparisons of food 

demands with decreasing farmlands. An interesting solution they believed in was skyscraper 

agriculture, similar to rooftop gardens, where the farm was designed to be planed 37 floors high. 

The results of this farm alone produced approximately 3,500 tons of produce, 140 tons of fillets 

of tilapia, used about 80 million liters of water yet its feasibility was equivalent to about 50 short 

term farms and 3000 long term farms (Adenaeuer and Banerjee, 2014). Unlike regular vertical 

farms, this farm was connected to aquaponics where it filtered the fish filled tanks. 

Hydroponics 

The concept of a hydroponics system is basically the same as the aquaponics system 

without the fish. The seeds germinate within pods of soil which contain enough nutrients and 

minerals for the plants to survive until they are older. Described by Geuthing and Glenn (1985), 

in order for the plants to stand up straight the pods are place into a raft with holes, “which float 

on tanks filed with aqueous nutrient medium.” Hydroponics have higher success rates with leafy 

greens such as lettuces and herbs due to their high water content and above soil vertical growth. 

According to the United States Patent 4,513,533 on Method and Apparatus for Hydroponic 

Farming, “hydroponics include shortening the growing period of plants… and ability to move 

hydroponically grown plants with great ease… to maximize the use of space” (Geuthing & 

Glenn 1982). 

Here, within the US, one of the best examples of hydroponic farms is located in 

Philadelphia. A nonprofit farm known as Greensgrow has been growing both food plants and 

flowers since 1997. Greensgrow is an example of how a rundown industrial site can be reborn 
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into a, “vibrant urban farm, farm stand, CSA and garden center” (Greensgrow.org). The main 

goal of this farm is to build communities invested in living healthy, nutritious, safe lives by 

engaging communities in community greening and social entrepreneurship. From the time that 

the garden opened up in 1997 Philadelphia’s population increased about 115,872 from 1,452,000 

to 1567,872 in 2017 making it Pennsylvania’s largest city. With such increases in populations the 

issue of food scarcity is always something that municipalities will have to face. Hydroponic 

systems have the ability to sustain over 20 different species of vegetables. The advantage to such 

gardens is that food has the ability to be produced year-round while exchanging different 

varieties of vegetables. Just as Quinn had mentioned in her capstone, the advantage of vertical 

gardens is that transportation is unnecessary due to the food being harvested directly from the 

vertical structures reducing fossil fuels in the air. 

Psychological Beautification of Vertical Topography 
The concept of vertical agriculture has been historically used by civilizations in South 

America and East Asia involving vertical layered terraces. Although these types of vertical 

topography is soil based and based on the geography of the landscape. As technology advances, 

vertical topography is not just limited to the outdoors. Research has actually shown that 

implementing plants within a workspace can increase work mentality and provide psychological 

benefits. Authors Goodwin, Lohr, and Pearson-Mims (1996) state how interior plants have the 

possibility to reduce stress in a highly energized working environments. In order to prove the 

theory that greenery improved productivity Goodwin, Lohr, and Pearson-Mims (1996) conducted 

an experiment where one room plants and one room did not. Their idea of interior-scaping is 

defined as the presence of plants having the ability to connect people with the positive and 

calming energies of nature. This correlation of nature to human psychology was also proven by 

Cakir, Dogan, Mera and Yalcinalp (2017) who began to grow grapevines along the sides of stone 
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buildings for not only agricultural benefits but for beautification as well. Their “green walls” had 

the ability to make people feel emotionally more comfortable and, proven by the Goodwin, Lohr, 

and Pearson-Mims (1996) experiment, more efficient. The “green vertical surfaces" expanded 

the idea of edible landscaping as well as improving air quality, diminishing the heat island effect 

and even saving energy. Although the “green walls” experiment was featured on an exterior wall, 

it still seemed to have similar psychological effects as the interior-scaping idea. The new 

designing concept can be seen in Figure 1. In the report by Kim and Shia (2011), the necessary 

installments have the ability to utilize grey and storm water managements as well providing 

noise barriers (Kim & Shia 2011).  

The fact that vertical agriculture has the 

potential to reuse water will incentivize more of the 

public to look further into this new type of gardening. 

A simple difference between soil based farming and 

vertical agriculture is that vertical agriculture has 

total control of reusing the water. The usage of 

aqueducts help with the issue of losing mass amounts 

of water and storing it for later use.  

Figure 1: Interior green wall in Whole Foods, Austin, 
Texas 
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Biowalls 

The idea of vertical gardens includes a new type technology called vegetation walls or 

living walls which correlates to psychological beautification. The greening of the side of a 

building is, “frequently used as an aesthetical feature” according to the Renewable and 

Sustainable Energy Reviews by Maria Manso and João Castro-Gomes. When plants are 

incorporated into the buildings themselves, it can not only temperate the building but reduce the 

heat island effect, water management, as well as demonstrating positive effects of psychological 

wellness. Although green roofs can be used, green walls are even effective so due to the plants 

absorbing sun radiation, comfortably controlling “heat gains and losses” and humidity. The main 

concept of biowalls is the act of germinating plants on, up or 

throughout the structure of a building either growing upwards 

or downwards. These types of living walls are geared towards 

green shrubbery than edible foods due to the height, weight 

and extensive care. Growing vegetation on a vertical surface is 

not an easy task as the plants require adhesions to the building 

and have the possibility of falling off once it’s too heavy. 

Many buildings use a function called “double-skin facades” 

which creates, “an air gap between the building surface and 

vegetation” (Manso & Castro-Gomes 2015) and also assists in 

supporting the plants’ mass. This type of structure is illustrated by Figure 2. 

Figure 2: South exterior CAPLA wall with 
double-skin façade for vertical growth. 
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Ecological conservation 
The overarching issue is that land is being rapidly depleted due to continuous expansions 

of urbanizing developments. This causes the agricultural industry, and other related businesses, 

the need to find efficient solutions. Deforestation, for example, occurs to not only make room for 

houses and buildings but to extend the boundaries of farm lands as populations escalate. The 

truth is that eventually there will be no more land to expand upon. Figure 3 depicts some of the 

largest cities sprawl from 1990- 2010.  

Wagner (2010) claims that, although the vertical agriculture was designed around 25 years ago, it 

is now becoming a highly popular crop cultivating technique. Originally designed by the SOA 

architects in Paris, the “living tower” was an urban-eco-friendly invention that tied together the 

raw architecture world to the softer environmental states. Not only is Wagner (2010) arguing that 

these “living towers” should be implemented but he claims that combining interior spaces with 

exterior spaces would be highly beneficial.  

Figure 3: Land sprawl of the largest cities in America.  
Berg, N. (2012) America’s Growing Urban Footprint. CityLab. Retrieved from 
https://www.citylab.com/equity/2012/03/americas-growing-urban-footprint/1615/ 
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Methods 
This senior capstone comprises the knowledge of assembly and controlled system of 

vertical hydroponic agriculture compared to the sustainable effects of traditional farming, or lack 

thereof. There will be a focus on comparing and contrasting data sets based off both types of 

agriculture techniques. Due to this comparison, a mixed method data collection approach will be 

most acceptable as it allows researchers to not only quantify a phenomena but add in-depth 

analysis to accompany the numerical sets of data (Johnson, Onwuegbuzie, and Turner 2007).  

From the six qualitative designs described in the Qualitative Research Design, 

Nieswiadomy (2007) a historical study and case study analyses will be utilized with the pre-

existing phenomenological study in order to learn the history of vertical agriculture and previous 

experiments. This is important to know because without understanding and learning from the 

past the present/future will have a difficult time succeeding. One source of data will consist of 

surveys directly from two main organizations involved with alternative farming and soil based 

farming as well as one survey from a vendor utilizing the products produced from the alternative 

farm. Another set of survey questions will be sent to the mass public in order to understand their 

current knowledge of vertical gardens and what they think could be the benefits and drawbacks 

of the modernization of agriculture. The goal is to collect information from the community 

members who will be most likely be reaping the effects of the vertical agriculture if it were to be 

implemented in southern Arizona. Documentation analysis will also serve as a crucial element 

for this capstone as system diagrams and graphic representations will aid in understanding the 

vertical agriculture practice. Finally, a cost and benefit analysis will also contribute to this mixed 

methods paper. The cost and benefits of the vertical agriculture system will be yielded from 
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several outside sources based on the pros and cons of water usage, peoples’ feedback, and the 

numerical cost of the technology. 

Data/Results 

Historical Involvement 
The concept of applying live plants to dwellings can be seen as early as Babylon, Roman 

and Greek times (Manso & Castro-Gomes 2015). These Mediterranean regions used vines for 

shading and coverage in order to keep a structure cool inside, similar to Image 2. Around 2000 

BCE, the ancient Egyptians originated a “land-reclaiming method” which is similar to that of an 

aquaponics system where large flooded ponds are drained, refilled with mullet fingerlings and 

regulated with water for salinity through diffusion. “About 300-500 kg of fish per year were 

harvested… while reclaiming over 50,000ha of saline soils and supporting over 10,000 families.” 

(Milton, Peyton, and Spalding 2013). The word hydroponics is derived from the English word 

“hydro” which means “of water” and the Greek word “ponos” which means “labor”, ergo 

hydroponics is a water based labor system. The idea of hydroponics is for the plant system to 

survive in an aqueous based system through the usage of troughs and dispersed amounts of 

nutrients for the plants (Wong, 1970). Just as hydroelectric power runs off of running water and 

damns to produce electricity, hydroponics power the growing platform for plants to survive 

yielding produce to then be distributed. All kinds of vertical growing begins with the basis of a 

hydroponic system. Similar farming methods include rooftop gardens, green wall gardens and 

even Aero-Grows, which are small household hydroponic gardens. 

Merchant’s Garden 
The world is transforming before our eyes, regardless to whether or not we believe it. All 

kinds of changes have the ability to create a great deal of impacts altering the way of life. Chaz 

Shelton, founder of the Merchant’s Garden in Tucson, Arizona, believes in the very real issues of 
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global warming, water shortages and food security. He takes these obstacles and turns it towards 

a more encouraging path (personal communication, January 30, 2018). The Merchant’s Garden 

is a local Tucson aquaponics farm that has been growing leafy greens and several species of 

basils for about 18 months. Although Shelton had no prior experience with 

hydroponic/aquaponics agriculture, he became inspired through his health care background. “We 

wanted to change some of the health outcomes in demographics of people who did not have the 

availability to fresh produce” (C. Shelton, personal communication, January 30, 2018). He 

believes alternative food production is extremely important, “particularly places with arid 

climates and places that lack natural resources with dense populations” (C. Shelton, personal 

communication, January 30, 2018) and highly admires Israel, China and the Netherlands’s 

efforts on effective non-soil agriculture. The hydroponic system is a much easier process due to 

the well laid out ingredients and materials required for the growing process. Shelton explains that 

aquaponics are much more unpredictable due to the unknown amounts of microbes in the fishes’ 

wastes. Similar to the research performed by Adenaeuer and Banerjee, the Merchant’s Garden 

grows copious amounts tilapia for their aquaponics. The amounts of each nutrient is difficult to 
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manage since it has been digested and dispersed throughout the water, although there is a key 

ingredient in there that makes the plants grow depicted in Figure 4.  

When asked about the produce’s nutrient density and how it relates to traditional farming, 

Shelton stated that a head of lettuce is a head of lettuce but that the longer it takes from being 

pulled to the consumer, the more the valuable nutrients begin to deplete. Being a local urban 

farm the Merchant’s Garden’s produce is high with nutrition because within 24 hours of the 

8produce being harvested, it will be in the possession of the buyers. “In one year the farm can 

produce around 200,000 pounds of produce reaching nearly a half a million heads of lettuce” (C. 

Shelton, personal communication, January 30, 2018). During the summer months only about 5% 

of the water mass is evaporated and/or transpired making this system very efficient. Although the 

Figure 4: Leafy greens growing through a structural raft 
allowing for roots to be submerged in the aquaponics system. 



17 
 

greenhouse can get very hot during the summer, air filtration barriers allow for the cooling of air 

as water flows behind it, shown in Figure 5, while giant fans circulate the air. 

Documentation of Shelton’s responses to the in-person survey/interview, can be viewed in the 

Appendix A. 

Stern Produce 

 The produce that the Merchant’s Garden obtains goes to several local places which 

includes the Time Market and Stern Produce. The mission of Stern Produce is, “to deliver a first-

class customer experience as we supply the freshest, fruits, vegetables specialty food produces, 

and meats” (Sternproduce.com, 2017). Stern Produce does its job in attempting to look to the 

next 100 years aiding the community with fresh ideas and committing themselves to their 

customers. Kristen Osgood works at the Arizona Fresh Together for Stern (AFT), since 2017 

when it was first created, where she manages and recruits different farms for the Stern program. 

After asking her a series of questions through an emailed survey the following information 

provides a summary of her responses. Since Osgood partakes in the enrollment task of the AFT 

Figure 5: Air cooling filtration mats located at one 
end of the greenhouse. 
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she understands how the Merchant’s Garden produce is cultivated and enjoys supporting, “small 

local family owned farms including urban agriculture, greenhouse, and hydro/aqua” (personal 

communication, February 19, 2018) although she prefers soil-based farming when it comes to 

growing the produce herself as her and her partner grow much of their own produce. “The 

general public is so far removed from nature and our food system that I believe most fail to truly 

grasp the opportunities and challenges presented by any and all agriculture alterative or not” (K. 

Osgood, personal communication, February 19, 2018). Although Osgood sees 

hydroponic/aquaponics systems in the future she believes that there can be no complete 

replication of the soil to plants to microorganism’s synchronization. When asked to rate from 1-

10 how much she knew about alterative agriculture systems she responded with an 8 saying, “I 

have never ran a greenhouse or aquaponics system but I understand the process, additives, the 

system fragility, etc..” (K. Osgood, personal communication, February 19, 2018). Something that 

stood out from her survey was that she explained her dislike for the term “alterative agriculture” 

and how the 21st century uses it today because the farming that happens currently is truly the 

“alterative” to what is soil-based and should be called “conventional farming”. Documentation of 

Osgood’s responses to the survey/interview via email, can be viewed in the Appendix B. 

Tucson Village Farm  
The Tucson Village Farm is a local urban farm in the city of Tucson. Parker Filer is an 

Instructional Specialist working for the organization and has been with them for about 8 years 

with prior experience within the field from Austin, Texas. The non-profit organization is a “seed-

to-table” farm and nutrition program which allows for a diverse culture of produce which include 

tomatoes, hot and bell peppers, leafy greens, root vegetables, herbs, okra, eggplant and even eggs 

from their chicken house. Filer exclaimed that he became most interested in the, “complex 

interaction of soil health, plant life, and human health; and the careful skill of observing and 
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maintaining each” (personal communication, February 3, 2018). This soil based farm primarily 

receives its nutrients from compost and organic matter as well as fish emulsion fertilizer, 

different from the Merchant’s Garden where they use just the excrements. The TVF’s harvesting 

is all done manually as it looks to produce for a smaller community population in Figure 6. 

 

 

 

 

 

 

 

 

Filer comments that within the near future of 10-20 years, soil based farming will be directed 

towards more of a small-scale organic/permaculture farming through the changes of public 

voting in regards to state and federal legislation farm bills (personal communication, February 3, 

2018). There are pros and cons for every situation yet Filer agrees that soil-based farming’s cost 

of land is a great negative impact as well as, “the complexity of managing a field with 

ecologically sustainable practices such as no-till, chemical free, and cover cropping methods” 

(personal communication, February 3, 2018). To coincide with this statement the issue of over-

crowding was brought up, which has been a constant issue this whole time, causing Filer’s 

concern with water and land shortages. Differently from Shelton, Filer believes that although 

Figure 6: Fresh rainbow carrots harvest by the 
farmers and interns at the Tucson Village Farm. 
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tech companies will continue to develop and invest new agriculture equipment, the nutritional 

density of the crops themselves will be comparative lower than soil based crops. The Tucson 

Village Farm aims to prove that small scale farming can be just as impactful as large scale with 

even larger benefits. Although Filer is not too interested in certain types of advancing agriculture 

technologies, he is very interested in, “appropriate technology (implementations for small scale, 

and water-saving or harvesting systems), and plant calendars of rotations that emphasize 

heirloom and arid-adapted varieties” (personal communication, February 3, 2018). 

Documentation of Parker’s responses to the survey/interview via email, can be viewed in the 

Appendix C. 

Water Availability 
Due to the fact that vertical agriculture is a water based system, the amount of water 

available vs demanded is crucial especially in the desert environments. Arizona only “receives a 

statewide average of 12.5 inches of rain per year” (Arizonaexperience.org). Although the 

individual system has a water storage compartment itself, it still needs to draw water from some 

source when it gets depleted. Luckily enough for parts of the Southern Arizona regions, it lies 

below a series of mountain ranges, one being the Santa Catalina Mountains which high enough 

to collect snow during the winter and creates a run off during the spring. Monsoon season is 

another important water distributor during the months from June-September where 
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thunderstorms roll across the region with large varying amounts of rainfall. Figures 7 and 8 

illustrate the annual amount of rainfall in inches and the annual number of days it precipitates.  

 

Figure 8: Bar graph of annual days of precipitation in Arizona each month. Numbers provided by the U.S. Climate 
Data. 

Figure 7: Statistics of the average annual precipitation in Arizona. Numbers provided by the U.S. Climate Data. 
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The amount of water required for a vertical hydroponic tower system varies greatly from 

100 gallons of water to 8 gallons due to the specific structures’ complexity. The taller the tower 

the more energy and water it will take to get the tower to function efficiently and effectively. The 

amount of water that must circulate through the system also depends on the type of produce. The 

bigger the leaf of the plant the more minerals and water it will need compared to smaller thin leaf 

plants. 

Cost/Benefit Analysis 
There are many pros and cons to soil based agriculture and alternative farming 

techniques. After extensive amounts of research it is fair to say that both types of farming are 

good and bad in their own ways. Soil based agriculture has the ability to break up urbanizing 

developments giving it more landscaping while vertical agriculture limits the amount of land 

being used to grow the same or similar produce. The costs of soil farming, such as the Tucson 

Village Farm, includes weeding, breaking up the soil, fertilizing it, planting seeds, irrigation 

systems, and protection against the sun and animals. The costs of vertical agriculture, like the 

Merchant’s Garden, include the construction of the small but tall greenhouse structures, water 

pipelines, seed germination pods, possible LED lighting and fish, if it’s an aquaponics system. In 

2009 a small scale lettuce hydroponic produce was created and experimented on at the 

University of Hawai’i, Manoa under the Department of Molecular Biosciences and 

Bioengineering. Scientists Harry Ako and Adam Baker built their lettuce trays starting at 

$121.76 for an 8 foot 2 by 4 frame. They made 8 trays costing them $511.60 for the shading 

structures and $1,073.00 for the aquaculture supplies. In the end the cost to produce on head of 

lettuce through an aquaponics system was $0.12 while the cost one through hydroponics was 

considerably less for $0.12. The vendors that the supplies were from were also located in Hawaii 

and possibly slightly more expensive due to it being on an island.  For traditional farming there is 



23 
 

very little construction needed due to the plants being integrated straight into the soil but 

irrigation systems are necessary. 

Discussion 

Curiosity/Attraction  
After considerable research and ongoing online surveys, the majority of the surveyors 

were curious about the concept of vertical agriculture and open to the idea of applying them to 

Southern Arizona. Since the implementation of the vertical garden would most likely be paid for 

by the people living in the area, survey was focused on the public to determine prior knowledge 

and interest of the alternative agriculture. Although the survey range did not get past the students 

and faculty of the university area, there were trends in the data that could aid in predicting what a 

higher population might believe in about the subject. A summary of the data can be seen in 

Figure 9, as well as in the Appendix D. 

 

Figure 9: Summary of the survey sent via Survey Monkey to students, staff and other impacted individuals. 
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To break down the survey numbers, 21 out of 23 (91%) people had heard the terms 

hydroponic/aquaponics or vertical garden. If there was an option for people that labeled soil 

based produce from vertical agriculture produce about 52% of the surveyors would buy from the 

sustainable garden and nearly 95% of the individuals would be interested in learning more about 

the alternative agriculture process. Not only would implementing vertical tower agriculture be 

sustainable attractions but it would also encourage people within the area to grow their own 

produce or buy locally. As more people buy local goods less shipments will be made which 

means less carbon in the air and faster farm to table rates. In interesting fact that some people 

may not know or have thought about is that a carrot, for example, does not have more or less 

nutrients being shipped to a store and buying it in comparison to pulling it straight form the 

ground and eating it. A carrot is a carrot except for the fact that extremely fresh produce, like 

from the Merchant’s Garden or Tucson Village Farm, have higher nutrient values compared to 

that of large grocery stores. If the produce harvested from the hydroponic tower were to be sold 

at a local farmers market, it would spike the community’s interest in the subject and open their 

eyes to other sustainable opportunities.  

Limitations 
During this research there were several limitations. One roadblock was the issue of 

sending out surveys into the professional field and never receiving feedback. Attempting to get 

into contact with people was a bit difficult during the period of this research paper because they 

were either out of town or never returned my messages. 

Conclusion 
Due to the complexity and size differentiation of each vertical system, the amount of 

water necessary for the tower is not concrete. The amount of water, nutrients, and sunlight all 
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depends on what kind of vegetation someone wants to grow as well as how much of it they want. 

The project of implementing hydroponic towering agriculture is a much harder task that had 

originally thought. In Arizona alone the issue of water is a very important matter because due to 

the desert landscape, there is limited rainfall throughout the year described in previous Figure 7 

and 8. Just as in soil based agriculture there is always an uncertainty about whether or not 

originating seeds and if they will germinate. The world around is changing for better or worse 

and it is how we adapt that makes the difference between being successful or not. 

One of the underlying major issues is not just within the U.S. but all over the world, 

populations are continuously increasing causing demand for more space. According to Nate Berg 

and the U.S. Census, from 2000-2010 nearly every urban area increased in size except for 50, out 

of around 3,500, which shrank (Berg, 2012). Implementing hydroponic towering agriculture 

would not only provide edible vegetation in highly urbanized communities but it would draw 

new kinds of attraction. A community sustained by vertical agriculture is an amazing feat and 

could draw crowds of people which would then educate them on such alternative ways of 

growing produce. The surveys produced an outcome where the people would be interested in 

investing in such technology and having something to similar effects in Southern Arizona.  
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Appendix A 
Merchant’s Farm In-Person Interview 

The image below is a screen shot of the feedback provided by Shelton from an in person 

interview. Shelton was one of the few interviewees who was able to sit down with me and 

discuss alternative agriculture and his thoughts about it. 

Appendix B 
Stern Produce Email Interview 

The image below is a screen shot of an email interview, which was sent through email, as a 

survey form to Stern Produce who directly collect fresh produce from the Merchant’s Garden. 
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Appendix C 

Tucson Village Email Interview  

The image below is a screenshot of the email interview conducted with the Tucson Village Farm 

which includes Filer’s responses. 
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Appendix D 
Social Survey 

1. Do you know about hydroponics/aquaponics/vertical gardens? 

__ Yes 

__ No 

2. How beneficial do you think implementing non-soil based agriculture is into Southern 

Arizona? 

__ Very valuable 

__ Somewhat valuable 

__ Not at all valuable 

3. Would you be more inclined to buy produce from vertical gardens or soil based farms? 

__ Soil based farms 

__ Vertical gardens 

4. Would you want to learn more about Vertical Agriculture/hydroponics/aquaponics? 

__ Yes 

__ No 

5. How important is it to find alternative farming techniques as populations increase and 

land is being depleted? 

__ Very important 

__ Somewhat important 

__ Not so important 

6. Where do you buys most of your fresh produce? (If from a store please be specific) 

Open ended answers 
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7. Is it important to you to buy food locally? 

__ Yes 

__ No 
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