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  Advance Praise


  AQUAPONIC GARDENING


  Aquaponic Gardening is an excellent primer for anyone considering home-scale aquaculture. Whatever your location or methods, the information should prove invaluable. Fish are within reach!


  — Peter Bane, publisher,Permaculture Activist magazine (www.permacultureactivist.net) and author,A Permaculture Handbook: Garden Farming for Town and Country, (forthcoming 2012, New Society Publishers)


  This is a comprehensive handbook on how to grow real food, so meticulously documented, that failure is not an option.


  — Jeff Edwards, president, Progressive Gardening Trade Association


  I have always wanted to figure out how to do sustainable aquaculture in the context of my home garden. Finally I’ve got the book to help me do it


  — Paul Greenberg, author, Four Fish: The Future of the Last Wild Food


  This is a delightful book to read! I’ve been involved with hydroponics and aquaculture for 30 years and still learned from reading this very thorough how-to book.


  — Henry A. Robitaille, PhD, former general manager, The Land Exhibit, Epcot Center


  Learning how to garden through the creation of a completely balanced ecosystem is now clearly understandable, even to inexperienced gardeners.


  — Michael C. Metallo, President and CEO, National Gardening Association


  Sylvia Bernstein has provided the “aquapons of the world” with a clear, impassioned, and elegant “Bible” to spread the good news about aquaponics.


  — James J. Godsil, cofounder, Sweet Water Organics, Sweet Water Foundation


  Now the thousands of people who are discovering aquaponics every day have a resource for moving from the dream to the step-by-step reality of raising fish and food in their homes, yards, and even businesses.


  — John Thompson, AeroGrow International, Inc.


  This book is a vital resource for urban homesteaders.


  — Sundari Kraft, author, The Complete Idiot’s Guide to Urban Homesteading


  The science is so well explained, it is easily understood. I am ready to start. I love this book!


  — Jeff Lowenfels, author, Teaming With Microbes


  I believe that home-scale aquaponics will become as common as the backyard chicken coop as we move toward a regenerative future that has made food security a priority.


  — Marco Chung-Shu Lam, Permaculture teacher, Environmental Studies Adjunct Faculty, Naropa University


  The book we’ve all been waiting for.... a truly comprehensive guide to all things aquaponic.


  — Charlie Price, founder, Aquaponics UK


  Sylvia masterfully lays out the art of giving balance to an ecosystem of flora and fauna.


  — Britta Riley, founder, Windowfarms.com


  For those of you who want to grow fish I definitely recommend this book as a simplified method of constructing and operating an aquaponic garden.


  — Dr. Howard M. Resh, author, Hydroponic Food Production


  If you want to garden aquaponically, this is the one source that will guide you from start to finish while also taking you on a wonderful trip through Sylvia’s own personal aquaponic journey.


  — Gina Cavaliero , managing director, Green Acre Organics / Aquaponics Enterprises, Inc.


  Every time I enter Sylvia’s aquaponic greenhouse, a powerful sense of inspired well-being envelops me almost instantly, and after reading Aquaponic Gardening, I understand why.


  — Dr. Virginia F. Gurley MD, MPH, founder, Auraviva


  This book is easy to read and is packed with information that will be very useful to the beginner and advanced Aquaponics practitioner alike.


  — Murray Hallam, founder, Practical Aquaponics


  When it comes to the emerging field of aquaponics, Sylvia Bernstein is one of those inspired innovators you need to pay close attention to.


  — Thomas Frey, DaVinci Institute


  Sylvia Bernstein has taken an immensely detailed, complex, and sometimes contradictory body of knowledge, broken it down into easily understood bites of information, and infused it with her deep passion for this emerging field.


  — Susanne Friend, owner, Friendly Aquaponics


  A practical, easy-to-follow guide that takes the mystery out of aquaponics. Now everyone can grow their own food even if they do not have a green thumb.


  — Ann Forsthoefel, former executive director, Portland Farmers Market


  It might take a little bit of time for the general public to catch up with us and other “early adopters,” but when they do (and they will) this book is going to be the top book recommended to them by all who really know what they’re talking about.


  — Jesse Hull and Molly Stanek, Imagine Aquaponics


  My wish is that Sylvia’s revolutionary “how to” aquaponic wisdom becomes an adopted approach to food cultivation.


  — Matt McMullen, director, Facilities Management and Sustainability, University Corporation for Atmospheric Research


  Sylvia Bernstein’s passion for aquaponics, and personal stake in the subject make this book an essential read for anyone interested in the concept of sustainably produced food.


  — Marijke Peters, producer, Earth Beat, Radio Netherlands Worldwide
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  Books for Wiser Living

  recommended by Mother Earth News


  Today, more than ever before, our society is seeking ways to live more conscientiously. To help bring you the very best inspiration and information about greener, more sustainable lifestyles, Mother Earth News is recommending select New Society Publishers’ books to its readers. For more than 30 years, Mother Earth has been North America’s “Original Guide to Living Wisely,” creating books and magazines for people with a passion for self-reliance and a desire to live in harmony with nature. Across the countryside and in our cities, New Society Publishers and Mother Earth are leading the way to a wiser, more sustainable world.
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  Foreword


  By Tom Alexander


  The United States is blessed with an abundance of fertile soil in most states that support traditional soil-based agriculture, producing harvests of all types of crops, both for consumption within the USA and for export. In my thirty years of reporting and publishing articles on agriculture around the world, I saw firsthand that other places are not so fortunate. Countries like Australia, New Zealand, Israel and Holland rely on their not-so-fertile soil to act like a foundation base for acreages of hydroponic greenhouses and aquaponic systems to produce enough vegetables and fish to feed their people.


  Now, with the pressure to produce more food to feed an ever-increasing world population, even countries with abundant areas of fertile soil are looking at both hydroponics and aquaponics to produce fish or food crops both in a faster growth cycle and in more volume in a given space. With the correct inputs, hydroponics and aquaponics systems both fit those demands.


  Health-conscious consumers also want an increasing quality of food. “Locavores” and “foodies” are terms that didn’t exist ten years ago. But now, all areas of the developed world have large locavore foodie populations along with a growing Slow Food movement that demands locally grown, fresh produce in the meals they eat, both at home or in restaurants. It matters not whether those tasty food items are grown on a local farm or in a home’s basement or backyard; aquaponics fills the bill for locavore foodies’ demands for freshly harvested, locally grown food.


  Aquaponics can be used to raise fish and fresh produce at any scale, from very large commercial systems to very small personal setups and everything in between. Whatever the size, all aquaponics systems use the same concepts and technology. The common limitations for personal use are space, knowhow and motivation. Anyone thinking about throwing the fish in the tank and planting a few seedlings in a hydroponic system while waiting for a successful harvest in a few weeks is in for a rude awakening of both crop failure and system failure. Both the fish and the plants growing in their respective systems need regular visual and technical monitoring. If adjustments need to be made, they need to be made immediately. Soil acts as a buffer to plants when deficiencies occur. In aquaponics, both the plants and their roots are in direct contact with the water solution and react fast in a negative manner to any deficiencies or imbalances. This is where the book you are holding in your hands comes into the equation. After reading it, you will have all the information you need to master the technology and become successful in aquaponics.


  I first met Sylvia Bernstein when she was working as the Vice President of Marketing and Product Development for AeroGrow International promoting their flagship product, the AeroGarden. It was the first truly “plug-and-play,” attractive, tabletop hydroponic unit for the kitchen that would grow fresh herbs and greens for “foodies” to use in their culinary creations. It reminded me of an inkjet printer and was as simple to use as one. Sylvia would give presentations on the unit and its aeroponic technology at progressive gardening conferences and trade shows I attended. I was impressed with her knowledge of the technology, her enthusiasm in explaining it to her audience and the quality of the information she shared. Sylvia was so convinced with the success of the hydroponic technology and believed in it so much that she broke out on her own, starting an internet site that has become one of the top sites to go to for everything aquaponics-related. Both the beginner and advanced aquaponic grower can and will learn something from her site.


  After doing much research, collecting and publishing a lot of information on aquaponics, Sylvia and her husband designed and manufactured a backyard aquaponics system that is simple yet effective in producing great quantities of both fish and food for the home grower.


  Hydroponics is efficient in its use of water (by recirculating/recycling it within the closed-loop system) and in the time it takes to grow finished produce. Lettuce for example only needs 26 to 30 days to mature, compared to the 45 to 48 days it takes in soil-based systems. Aquaponics not only has those benefits but also brings fish into the equation. The fish obviously offer a new harvest of a different crop and also provide organic food source for the hydroponic crops. By recirculating the fish-waste water to the food crops, the fish waste is used up by the plants as a nutrient. This in effect “polishes” the water clean of the fish waste and it is then recirculated back to the fish tank. Most aquaponic growers use fish that will be a food source, such as tilapia, but some are also raising species such as koi and goldfish, which are used in ornamental landscape ponds. It all depends on the type of fish the local market demands. For backyard production it depends on the type of fish desired on the plate in the dining room. Tilapia and barramundi are two common species raised in aquaponics but I have also seen systems raising trout, bass in Australia and even freshwater shrimp in New Zealand.


  Sylvia first investigated using aquaponics to raise fish and produce on a commercial scale for consumers in the Denver, Colorado metro area. Investigated is the key word here. She realized, after thoroughly researching commercial aquaponics, that it was not the right fit for her. However, she acquired a huge quantity of information, links and personal contacts in her research. This lead to her starting a business model around home aquaponics so that she could share what she learned with others. This book is a key part of her business model and I predict it will become one of the “bibles” of aquaponics.


  Aquaponic Gardening: A Step-by-Step Guide to Raising Vegetables and Fish Together is a book targeted at the personal, backyard or basement grower. However, within its covers is valuable information that both the small personal-use grower and the commercial grower can use for a successful harvest of both fish and vegetables.


  It is written with Sylvia’s personal accounts of her trial and error in using aquaponics at her own house. Trial and error is a substantial part of the human-interest angle of this book. Sylvia shares what has worked for her and what has not. After you consume your first fish and vegetables harvested from your system, I hope you will thank Sylvia, at least in your thoughts, for what she has done to help you in your new aquaponic adventure. This book is the first building block to your success.


  After publishing The Growing Edge magazine for more than twenty years and hearing feedback from experienced growers who had learned something from an article they had read, I believe people experienced in aquaponics can also learn something from a book like this one. Even if they only learn one thing, that one thing could save them hundreds, even thousands of dollars by making their operation more efficient and ultimately more successful.


  In the hydroponic and aquaponic industries, I have found that some people are very secretive about their techniques. However, the vast majority of people in these industries are very open to sharing what they have learned, while taking pride in being of service to newbies and helping a fairly new agricultural industry succeed in the years to come. Sylvia is one of the latter types of people.


  Reading about aquaponics can get a person excited about the potential of using the technology to raise fish and grow vegetables. Seeing a working aquaponics operation firsthand will motivate a person beyond excitement to try it himself or herself. Having a consultant to coach someone who is new to aquaponics is a luxury that most people don’t have. Sylvia’s book can be your on-call 24–7 aquaponics consultant, as close as your bookshelf! I hope you use it frequently.


  TOM ALEXANDER was publisher of the print magazine The Growing Edge from 1989 until 2009. The Growing Edge continues to report on all aspects of progressive gardening and agriculture, including greenhouses, hydroponics and aquaponics, on their free, web-only site, www.growingedge.com.


  


  Preface


  “Nature has all the answers. What was your question?”


  — Howard T. Odum, noted ecologist


  The aquaponics epiphany


  The rain was a gift. I had set aside that entire Saturday in early April to do yard work, but instead was searching for something to do inside. As it happened, my then 14-year-old son also had no plans, and my husband and daughter were out of town. Hmmm. What to do? Clearly something together would be best, but where was the overlap in our current interests? Then it hit me. I remembered my longtime buddy at AeroGrow, John, had been for trying for months to get me to come over to see his basement aquaponic system. Fish and crawdads growing plants in a basement might be interesting. The added bonus of seeing their new baby chicks sealed the deal. We got in the car and drove off without realizing that our lives were about to be changed forever.


  I admit I was skeptical. John and I were both part of the original founding team at AeroGrow, the makers of the AeroGarden. The AeroGarden is a small, countertop-sized hydroponic garden about the size of a toaster oven. It grew plants year-round, indoors, without dirt or weeds. It was the first product that really took hydroponics out from its hiding place in closets and basements and brought it to the mass markets and the Average Joes. John and I were the only gardeners of the five original founders, and later on the executive team. We often felt that we had an unspoken, but profound, responsibility to the gardening world. Why? We wanted to not only make sure that this very special product got to market, but that it made it in a way that got gardeners excited. “They are ruining our system!” we often secretly complained, behind a closed door in one or the other of our offices, or on a walk if it got really bad. But by working together as a united, “green” front, we generally prevailed and managed to launch a product of which we are both extremely proud.


  The AeroGarden.
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  We were born within hours of being one year apart in age and were often teased for being more like sister and brother than co-workers. I love him like family, but like any siblings we have marked differences in our personalities that sometimes caused misunderstandings and battles. John is a dreamer, an inventor, a “ready, fire, aim” kind of guy. I am more studied, measured and skeptical. I need proof. John had been trying to convince me for months that he really was growing plants with just the water from fish, but I figured that this was just another one of his wild dreams.


  So, with this as background, you can see why I was dubious when I approached his home that rainy Saturday. I had occasionally heard of aquaponics over the years through the hydroponic trade magazines. But I had always dismissed it as more of a desire by the environmental fringe to change the fundamentals of hydroponic growing than a viable reality. While I am not a scientist by education or title, I know a lot about growing plants. I am a longtime traditional dirt gardener with experience spanning four yards over four states. I joined AeroGrow in 2003 and soon set up and managed the Grow Lab and Plant Nursery. We developed the hydroponic plant nutrients, a pH-buffering system and other seed-kit technologies that are the basis for several of the patents that list me among the inventors. I then became the Director of Plant Products and assumed the responsibilities for the rest of the seed kit product line. By the time I left AeroGrow in October of 2009 I was the VP of Marketing and Product Development. Why did I leave such an interesting job? In part, it was time to move on. AeroGrow had become a very different place than the company I had joined so many years ago. The main reason, however, was to pursue what had become a true passion — aquaponics.


  When my son and I walked into the basement of John’s rural ranch house, we were greeted with the sounds of baby chicks scratching on their newspaper-lined flooring and water flowing among the grow beds. The room was well lit and warm from the plant growing lights. The air smelled moist and fresh. The plants I saw were healthy and huge and the fish were active and obviously hungry as John tossed in a handful of food. He was excited to show us his setup and to debunk my skepticism. He was right. Aquaponics works!


  When I saw that basement setup, I was immediately convinced that aquaponics was going to become a very important growing technology. I concluded that it solves the problem of expensive, and often unsafe, chemical fertilizers in hydroponics. It solves the problem of waste removal in aquaculture. It solves the problem of excess water use in traditional agriculture. And for the backyard gardener, it solves the problems of weeds, under- and over-watering, fertilizing and back strain.


  Since that rainy April day, I’ve dedicated my life to learning all I can about aquaponics and spreading the word about this amazing way to grow plants. In December 2009, I started the Aquaponic Gardening Blog (aquaponicgar-deningblog. com) to write about my personal journey through aquaponics. Topics have ranged from practical advice on seed starting and grow bed depth to musings about organic certification and visits with fellow aquaponic addicts. In January 2010, I started the Aquaponic Gardening Community site (aquaponicscommunity.com). It has become a thriving meeting place for worldwide, round-the-clock conversations about aquaponics. This community, and other aquaponics communities and forum sites around the world, are an incredible source of shared learning and support for this burgeoning new growing technique and industry. Without online communities I wouldn’t be writing this book.


  Because it was unrealistic to think that I could live off of blogging and running a niche community, that winter my husband and I also started a company called The Aquaponic Source (theaquaponicsource.com). It brings aquaponics education, community and products together under one roof. We have designed an aquaponics system called AquaBundance and have many ideas for future products. I teach, I speak and I have produced a video called Aquaponics Explained. My goal is to spread the word about aquaponics to any willing audience and to take it from an obscure gardening technique with just a few converts into a worldwide movement.


  About this book


  Home-scale aquaponic gardeners have evolved from the early tinkerers setting up systems in their backyards and basements. They learned from the academic work that was going on in North Carolina and the Virgin Islands, and then focused on making systems that were simpler and cheaper to build and operate. They wanted systems that could grow a wide variety of crops, not just salad greens and tilapia. They wanted to use recycled materials and off-the-shelf parts. They wanted the least amount of monitoring and fuss possible.


  They found each other, and started talking online.


  Probably one of the earliest examples was in West Plains, Missouri, in the early 1990s. Tom and Paula Speraneo created a successful media-based aquaponics farm called S&S AquaFarm and subsequently wrote a guide for others to follow what they had learned. More importantly, they also started an email list to start a worldwide conversation about aquaponic gardening.


  In the early 2000’s Joel Malcom, an engineer from Perth, Australia started looking into aquaponics and found very little published information, but he did find the Speraneo’s list-serv. He started experimenting with his own backyard system, wrote a book about his experience called Backyard Aquaponics, and founded a company by the same name. Now Joel also runs the world’s largest aquaponics forum site and is the publisher of Backyard Aquaponics Magazine, in addition to his very successful aquaponics systems and supplies business.


  At the same time that Joel started his aquaponics adventure, fellow Australian Murray Hallam heard about aquaponics, and Joel, and struck up a relationship with him. Although Murray also had an aquaponic system business on the other side of the country, the two men collaborated and learned from each other. Murray’s company, Practical Aquaponics, also sells aquaponic systems and supplies and he also runs a large forum site. Murray is now probably best known worldwide for his entertaining educational Aquaponic video series.


  Murray Hallam, President of Practical Aquaponics.
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  In large part due to the efforts of these two men, home-based or backyard aquaponics has quickly become an accepted part of the Australian gardening scene. But these efforts have certainly been fostered by the match between aquaponics and some particulars of the Australian environment. Most of Australia enjoys year-round growing conditions. This enables aquaponic systems to be set up unprotected, without fear of winter freezing and bacteria die-off. Australia has also been experiencing one of their worst droughts in recorded history so the water-conserving benefit of aquaponics is especially appealing there. Finally, in the recent devastating floods in Queensland, aquaponics again proved to be uniquely adapted to Australia. While grocery store produce aisles were picked over, aquaponic gardeners were picking fresh veggies from their raised grow beds.


  Back in North America, aquaponics took a different, two-pronged path. First, university efforts in the Virgin Islands, and to a lesser extent in a few other places, were targeting commercial applications that weren’t appropriate for the backyard gardener. The other efforts were largely led by folks like Travis Hughey (Barrel-ponics®) and Will Allen (Growing Power), whose aquaponic designs were created with an eye toward solving urban or third-world food problems rather than an optimal growing experience for a North American backyard gardener.


  In October 2010, after six months of learning about aquaponics and all its benefits, and spending many, many hours on the Backyard Aquaponics forum, I quit my job at AeroGrow to focus on building an industry around backyard aquaponics, American style. Since that time, I have started a blog, a company and a community site, all focused on what I refer to as “aquaponic gardening” — media-based aquaponics for growing vegetables and fish at home in a variety of climates.


  One of the things I’ve learned since starting these endeavors is that while aquaponics excites more and more people every day, those people are not finding the reliable information they need to get started and grow successfully. Forums and community sites are tremendous, critical resources but you need a lot of time and patience to wade through the thousands of accumulated posts and often chatty or acrimonious exchanges. You also need to be able to separate the wheat from the chaff, the good information from the bad. This is not always easy in a new technology where the information providers are usually everyday folks growing a huge variety of fish and plants under a huge variety of conditions. Where do the universal truths lie?


  One day I got this message in my Aquaponic Gardening Community inbox:


  “We need something that people who are starting up could hang onto. I realize that there is no set way but I think what we need to do is tell the new people what we do and does it work. I consider myself educated but I am not an engineer or a lot of other things and I need advice. I don’t need arguments over which advice is correct. As I get older I find I need less complicated explanations.”


  I decided it was time to write this book.


  What this book is, and isn’t, about


  My aim for this book is to provide a comprehensive guide for successful home aquaponic gardening. With it, you now have all the information you need in order to grow using aquaponic techniques. You have guidelines on how you can create your own system, or how to shop intelligently for a system kit. You will know how to start your system, when to add fish, how many to add, and how to take care of them. You will know the same for the plants. You will have a precise set of guidelines for monitoring and maintaining your system.


  I started the process of writing this book in 2009 when I began to write the Aquaponic Gardening Blog, and wrote a series of articles for Backyard Aquaponics, Growing Edge and Urban Garden magazines. I wrote the real backbone, however, in November 2010, when I created a set of Aquaponic Gardening Rules of Thumb in collaboration with Australian Dr. Wilson Lennard.


  Dr. Lennard earned one of the few PhDs in aquaponics in the world in 2006. After that he designed, constructed and managed Minnamurra Aquaponics, Australia’s first truly commercial-scale aquaponic system. Dr. Lennard writes extensively on aquaponics for both scientific and trade journals, and currently consults worldwide through his company, Aquaponic Solutions.


  The guidelines Dr. Lennard and I developed have also been reviewed and endorsed by Murray Hallam of Practical Aquaponics and vetted by the Aquaponic Gardening Community and my blog community. While there are exceptions to almost every Rule, I can guarantee you that if you follow them as they are written you will have a successful aquaponic gardening experience.


  These Rules are now available through my website, community site and blog, and are reprinted in the back of this book. You will find that at the end of each chapter, I have also listed the subset of the Rules that were detailed in that particular chapter.


  Media-based aquaponics


  This book is entirely focused on media-based systems, with a brief discussion of vertical and hybrid systems. Why media-based and not raft or nutrient film technique (NFT)? For two reasons: solids filtration and planting flexibility.


  In a raft system (also known as deepwater culture or DWC), the plants are started in a media cube, then that cube is anchored into a hole in a floating board (typically Styrofoam) or “raft”. This raft is then placed in a channel of oxygenated fish-waste water and the plant roots grow directly into that water. This system works well, until the solid fish waste starts accumulating on the plant roots and starves them of oxygen. To get around this problem, raft-based systems typically include some or all of the following additional filtering components: a mineralization tank, a degassing tank and a clarifying tank. While the addition of these three components enables you to stock your aquaponics system with more fish, the extra cost and complication of adding these to your aquaponics setup just does not make sense for a backyard gardener. Plus, a filtration system means that you need to clean out the filtrate on a daily basis and dispose of it outside the system. I’m not crazy about this for two reasons. First, who needs one more thing to clean in their lives? Second, why remove valuable sources of plant nutrient from the system if it just isn’t necessary?


  Green Acre Organics farm, Brooksville, Florida, owned and operated by Tonya Penick and Gina Cavaliero.
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  Image Credit:Green Acre Organic Farm


  In a media-based system the grow bed becomes the filtration system for all the waste products. If a media system is constructed, stocked and operated as instructed in this book, the only solids removal that will need to be done will be a monthly shot of high-pressure water through your pipes and pump to knock lose any solid waste buildup inside. Otherwise there is no regular cleanout of the grow beds or fish tanks. Ever.


  The second reason why media systems are more appropriate for home gardening is that there is almost no limit to the types of plants you can grow in these systems. Raft and NFT systems have lower levels of nutrients because of the solids removal and they pose logistical constraints around a set of holes arranged on a fixed grid on a floating raft. These both conspire to limit the types of plants that grow best to smaller, nitrogen-loving plants like salad greens and herbs.


  In contrast, a media-based system can grow absolutely anything that doesn’t require an acidic soil (blueberries, for example, don’t do well in any aquaponic system). I know a woman in Florida who has grown a banana tree. Murray Hallam has grown papaya trees. I have grown 25-foot tomato plants, ground cherries, peppers, cucumbers, strawberries, celery, broccoli … as well as salad greens and herbs. Backyard gardeners do not want to be limited in what they can grow.


  Frog and zucchini.
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  Image Credit:Ecofilms Australia


  How this book is structured


  I want you to think of aquaponic gardening as a technology platform, like your personal computer. We will be talking about a variety of hardware options, such as grow beds, fish tanks and plumbing components. We will also be talking about the possible software, or living, options you have for your system, i.e., the fish and the plants. By the end of this book you will be able to configure your own, customized aquaponic system based on the combination of options that make the most sense for your gardening and food growing goals. Best of all, I assure you that even though you will be creating your own customized system, it will work, and work well, if you follow the Rules of Thumbs that are woven throughout the book. No matter how you configure your system, the underlying Rules remain the same.


  The chapters in this book are arranged in logical, chronological order for building a system. I recommend reading them in the order they appear in, and reading them all. Because aquaponics is an integrated ecosystem, every component needs to be present and in balance with all the other components. Unless you teach yourself how they all work together, you risk doing something that adversely affects that balance.


  The members of the Aquaponic Gardening Community are present throughout this book, either explicitly or implicitly. Each chapter after the introduction is started by an experienced, or sometimes not so experienced, aquaponic gardener from the site, answering the question “What does aquaponics mean to you?” I hope you find their insights and passions as inspiring as I did.


  


  Section 1


  An introduction to aquaponics


  “Here’s to the crazy ones. The misfits. The rebels. The troublemakers. The round pegs in the square holes. The ones who see things differently. They’re not fond of rules. And they have no respect for the status quo. You can quote them, disagree with them, glorify or vilify them. About the only thing you can’t do is ignore them. Because they change things. They push the human race forward. And while some may see them as the crazy ones, we see genius. Because the people who are crazy enough to think they can change the world, are the ones who do.”


  — Apple Inc.


  After breakfast Luna, my nine-year-old Tibetan terrier, runs to the door that leads to the back deck whenever I approach it. She knows that soon we need to go feed the fish. After several false alarms, the moment finally arrives when I open the door. She races down the stairs, banks around the corner and skids to a stop in front of the greenhouse. When I finally join her, I open the door and we are both momentarily overwhelmed by the sights, smells and sounds that greet us every morning.


  The winter aquaponic garden in my greenhouse is alive in a way that the cold, still outside garden can’t possibly aspire to. The warm, moist air smells slightly like freshly turned earth after a spring rain. The sound of flowing water tells of life and energy. The vibrant green plants in various stages and sizes are bursting with promise and productivity. A ladybug flies by. But the best part is the fish. I glance down at Luna, who has pulled herself up on the rim of my 300-gallon stock tank with her front paws to peer at the community within. She never tires of watching them, forever hopeful that someday, if they get just close enough, and she is just fast enough, just maybe…


  The author and her dog.
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  Image Credit:Benjamin Rasmussen


  Welcome to aquaponic gardening. With this book I hope to take you on a journey through an entirely different way of gardening. You will learn how to grow plants in rocks using only fish waste as the fertilizer source and bacteria and worms as the bridge between barren toxicity and harmonious fertility. It sounds simple, and in many ways it is, but it can also have a profound effect on your ability to feed yourself and those around you.


  With this technique you will learn how to grow edible fish to supplement your family’s diet with safe protein you raised yourself. You will learn to grow fruits, vegetables and greens using less than a tenth of the water and without the weeds of a traditional soil garden. And you will be able to grow food anywhere, without the restrictions of soil and sunlight.


  Aquaponic gardening is a fascinating and enjoyable hobby, but fair warning — it can be very addictive. Yes, it is a healthy addiction, like yoga or salads, but an addiction nonetheless. For some, this means expanding from time to time to keep “the itch scratched.” I’ve seen systems start with a 30-gallon aquarium and one small bed, then become 300 gallons and four beds. Pretty soon the addicts are raising bass and trout in a newly converted backyard pool.


  My personal experience has been a tale of expansion as well. I started with a 70-gallon pond liner from Home Depot. When that sprung a leak (I didn’t puncture it, I swear), I replaced it with a 120-gallon version — the fish were getting bigger and needed more room, right? Now I’m up to 120 tilapia and assorted goldfish in five tanks — four 60-gallon and one 300-gallon. Sad but true. Save yourself while you still can.
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  What is aquaponics?


  So what is this crazy, addictive gardening technique? Here is one attempt at a definition:


  Aquaponics is the cultivation of fish and plants together in a constructed, recirculating ecosystem utilizing natural bacterial cycles to convert fish waste to plant nutrients. This is an environmentally friendly, natural food-growing method that harnesses the best attributes of aquaculture and hydroponics without the need to discard any water or filtrate or add chemical fertilizers.


  — Aquaponic Gardening Community, November 2010


  The above was the result of a month-long online effort to define this thing called aquaponics. It is an excellent starting point for describing what it is that separates aquaponics from any other growing system available today. Let’s look under the hood at the individual components of this definition:


  1. “cultivation” — This is a system of agriculture for growing the plants and fish we want to consume, rather than a description of a wild, uncultivated environment.


  2. “fish and plants together” — These four words describe the heart of aquaponics. Without fish and plants being grown together, you don’t have aquaponics.


  3. “ecosystem” — The dictionary defines an ecosystem as “a system formed by the interaction of a community of organisms with their environment.” Aquaponics is an ecosystem of plants, fish, bacteria and worms.


  4. “constructed ecosystem” — This eliminates plants being grown on the shores of a lake or pond from the definition of aquaponics. While we are centering on a notion of an ecosystem, it must be an ecosystem that is constructed for the purpose of growing fish and plants together.


  5. “recirculating ecosystem” — This constructed ecosystem must also retain its water by recirculating it rather than allowing it to drain off into the water table. This is why aquaponics uses so little water compared to the systems that spawned it.


  6. “utilizing natural bacterial cycles to convert fish wastes to plant nutrients” — This speaks to the key mechanism that enables aquaponics to work. Without the nitrifying bacteria that convert the fish waste into plant food, the fish would soon die in their own waste, and the plants would starve for lack of nutrition.


  In other words, aquaponics is a system where plants and fish are grown together symbiotically. The waste product from the fish provides the food for the plants, and the plants in turn filter the water that goes back to the fish.
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  Image Credit:The Aquaponic Source


  This is an environmentally friendly, natural food-growing method that harnesses the best attributes of aquaculture and hydroponics without the need to discard any water or filtrate or add chemical fertilizer.


  The second part of the definition focuses on the key benefits of aquaponics and introduces the notion that it is really the combination of two other sophisticated cultivation techniques: hydroponics and aquaculture. Both of these techniques require more intervention than an aquaponics system. Aquaculture has to ensure that the waste from the fish is removed before it builds to toxic levels, or the fish will die. Hydroponics requires a constant replenishment and manual balancing of the chemical nutrients, or the plants die. By combining the two systems, aquaponics transfers much of the responsibility for reaching equilibrium between the filtration of the fish waste and the nutrient needs of the plants to Mother Nature.


  The second part of the definition also asserts that in combining these two techniques, the major problems of each are solved while the major benefits are retained. That is an incredible assertion. Before we go there and decide whether or not it is valid, we should take a moment to talk about hydroponics and aquaponics.


  Hydroponics


  Hydroponics is a method for cultivating plants without soil, using only water and chemical nutrients. The “ponics” in “aquaponics” comes from hydroponics. The term “hydroponics” literally means “water working”. Much of the greenhouse tomato, basil and lettuce production in North America today is done using hydroponic growing techniques, but you might have also heard of it because it is the favored growing method of marijuana producers.


  Aquaponics is a hydroponic growing method in that it requires no soil. In both methods, the plants’ roots are constantly bathed in highly oxygenated, nutrient-rich water, and both see growth rates far above those found in soil-grown plants.


  Aquaponics also borrows from many of the classic hydroponic system types. The flood and drain (also known as ebb and flow) style of growing on which this book focuses comes from the hydroponic world, as do NFT (nutrient film technique) and DWC (deep-water culture or raft) styles.


  Pepper in hydroton®.
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  This is where the similarities end, however. Aquaponics is an improvement over hydroponics for the following reasons:


  1. Expensive chemical nutrients are replaced by less expensive fish feed. Hydroponic nutrient solutions are expensive, and are gradually becoming more expensive as some ingredients are becoming over-mined and increasingly difficult to acquire. A gallon of hydroponic nutrient solution costs $30–60, and a few tomato plants will easily go through that during their productive lifetime. Meanwhile, a 50-pound (23-kg) bag of tilapia feed costs about the same amount, and at a 1.3 feed conversion ratio will give you 38 pounds (17 kg) of mature tilapia and simultaneously support about eight tomato plants.


  2. You never dump out your nutrient solution. Water in hydroponic systems needs to be discharged periodically, as the salts and chemicals build up to levels that become toxic to the plants. This is both inconvenient and problematic, as the disposal location of this waste water needs to be carefully considered. In an aquaponic system, rather than having these problems with chemical imbalance, you achieve a natural nitrogen balance that is the hallmark of an established ecosystem. The water in your system is a critical component that you nurture as part of that balance. In aquaponics, you never replace your water; you only top it up as it evaporates and transpires (evaporates from the leaves of the plants). This saves both water and time.


  Recirculating aquaculture tanks.
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  3. Maintaining an aquaponics system is significantly easier. I’ve spent years running both system types, and I can assure you that once cycling (starting the system by building the bacteria base or biofilter) has taken place, an aquaponic system is significantly easier to maintain than a hydroponic system. Hydroponic gardeners are instructed to check the EC (electrical conductivity) with a special meter daily, or at least once every few days. In aquaponics testing, this frequently just isn’t necessary. Because an aquaponic system is a natural ecosystem, it will tend to move into a balanced steady state. You will need to check pH and ammonia once a week and the only other check — for the nitrate level — can be run monthly.


  4. Aquaponics is more productive. A university study by the Crop Diversification Centre in Alberta, Canada (Savidov, 2005), has shown that after six months, when the aquaponic biofilter is fully established, a grower will see faster and better growing results with aquaponics than with hydroponics.


  5. Aquaponics is completely organic. Hydroponics is growing in a sterile, man-made environment. Traditional hydroponic systems rely on the careful application of expensive nutrients made from mixing together a concoction of chemicals, salts and trace elements. In aquaponics, you create a natural ecosystem where you rely on bacteria and composting red worms to convert the ammonia and solid waste from the fish into a complete plant food. It is a necessarily organic process. If pesticides are applied to the plants, the fish will suffer. If growth hormones or antibiotics are given to the fish, the plants will suffer. Aquaponics relies on nature and is rewarded through better growth, less maintenance and lower disease rates.


  Aquaculture


  The “aqua” in “aquaponics” means “water” and refers to the aquaculture side of the aquaponics equation. The dictionary defines aquaculture as “the cultivation of aquatic animals and plants, especially fish, shellfish and seaweed, in natural or controlled marine or fresh water environments.” Clearly aquaponics has a foundation in aquaculture in that the nutrients for the plants come from fish. Many of the early pioneers in aquaponics come from aquaculture academia, such as Dr. James Rakocy, who were initially interested in aquaponics as a way to solve the problem of fish waste disposal. (Bernstein, 2010) The history of aquaculture actually dates all the way back to the ancient Chinese back in the fifth century BC. They would capture young fish in wild habitats then transfer them to an artificial environment to grow. The Romans were known to have cultivated oysters (are you surprised?) and there are even Egyptian hieroglyphs that are thought to represent intensive fish culturing. (Batis n.d.)


  The first known example of “modern” aquaculture occurred in 1733 when a German farmer successfully gathered fish eggs, oversaw their fertilization and hatching, and then raised them to maturity. These techniques were exclusively focused on freshwater fish. Later the practice of creating farming “pens” off ocean shorelines for raising saltwater fish was developed.


  The most recent development in aquaculture has been recirculating aquaculture systems or RAS. This is a technique where fish are raised in large, densely stocked tanks. A big advantage of RAS is that it does not require natural bodies of water, so RAS systems can be set up anywhere, even in urban centers. Rather than shipping tilapia or perch thousands of miles across the country, they can now be raised near those who want to cook them for dinner.


  Another big advantage is that because of advancements in aquaculture science, fish can be raised very densely in RAS. Stocking densities as high as one pound of fish per gallon of water have been successfully achieved.


  On the other hand, RAS is capital intensive, energy intensive and risky. The risk stems from the high packing densities and the derivative need for oxygen-rich water. Aeration depends on systems powered with electricity. Because of the high packing densities, there is little time to act should the power fail. Millions of fish can be killed from lack of oxygen in less than an hour.


  The main disadvantage of RAS is the amount of waste the fish produce and, more importantly, the waste disposal process. Fish produce waste through their respiration process, mostly in the form of ammonia, which they excrete through their gills. They also produce solid waste through their digestive process. Another source of waste in an aquaculture operation is the excess, uneaten food that sinks to the bottom of a fish tank. Current filtration methods — be they mechanical, chemical or biological — all rely on extracting the waste from the fish tank and disposing of it as a harmful byproduct. (Wheaton, n.d.)


  While aquaponics got its start in aquaculture, it fundamentally departs from the earlier form in a very important way — what is a waste product and a problem in aquaculture is a treasured input in aquaponics.


  This is a significant shift in aquaculture philosophy. As the blog post below illustrates, it might be a while before the aquaculture community embraces it. The blog was written by a member of the Aquaponic Gardening Community to recount her experience attending an aquaculture conference as an aquaponics gardener:
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  Just got back from the 8th annual engineering conference on Aquaculture, Roanoke, VA.


  I was impressed by two things:


  1) How much they have accomplished in the high density production of fish, and


  2) How hard they are working to solve the very problems that aquaponics solves so well. Research papers presented and attended by engineers from 23 countries!


  They are investing an enormous amount of time, money and energy (literally, electrical energy) to produce tons of fish. Most of the major issues, DO (dissolved oxygen), waste products and water treatment can be managed effectively with aquaponics but not at the tonnage that they are trying to achieve.


  Most of the papers presented were on the order of how to solve those problems within a high-density aquaculture setting; raising fish in isolation.


  But why the high density? Why that approach?


  The majority of funding, of course, comes from the “industrial” corporations at the university research centers. Think CAFO ... i.e., confined animal feeding operations ... feed lots (cattle, hog, chicken, etc.) that can maximize profits on the smallest footprint.


  I saw some stunning results ... tanks full of Atlantic salmon, 8lb each, at least ... in pristine water, with an annual tonnage of 50, being projected, for delivery. Incredibly dependent on very, very high energy input, O2 injectors (cost of the O2), fed by the ocean “junk” fish, wheat and corn currently.


  When asked what our interest was (my husband & I), many conference attendees were fascinated by the idea of including grow beds to round out a fish growth system! Explaining that we are developing a sustainable farm with grass-fed beef, heritage pork, dairy cows and free range poultry ... and would like to add fish, as well as hydroponic grow beds, in addition to our organic gardens, for our local market.


  Our interest is to develop a system that could work in small communities with minimal energy and water use. It did not have to produce tonnage ... just enough for a local food market (i.e., the 100-mile diet). We were repeatedly asked to have information forwarded to them. Many of these requestors where PhDs, MDs and industry experts!


  — Amy Crawford, Aquaponic Gardening Community,

  blog post entitled “Interesting Challenge —

  Moving the Research Community to ‘Support’ the Local Community”
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  What is aquaponics? — conclusion


  So while a gardener might describe aquaponics as organic hydroponics, an aquarium or pond hobbyist might think of it as an aquaculture system with natural filtration. Both are correct, and both are insufficient. Aquaponics is truly a unique system unto itself. One where nature has stepped in and helped relieve some of the burdens inherent in each system.


  In a February 2010 New York Times article, journalist Michael Tortorello described Connecticut resident Rob Torcellini’s aquaponics setup as “either a glimpse at the future of food growing or a very strange hobby — possibly both.” In the next chapter of this introductory section we will talk about how aquaponics fits into the future of food, and the section after that will be about aquaponics as a hobby. Once you read these, perhaps you can then judge for yourself if it is very strange, or simply a unique and relatively undiscovered agricultural treasure.




End of sample




    To search for additional titles please go to 

    
    http://search.overdrive.com.   
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