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Ecological landscapes can produce many environmental functions as well as beautiful human habitat.
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We dedicate this book to our mothers, who nurtured and supported our growth, and to the Bullock family, whose work inspired change in our lives.
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Sweet potato vines can grow as ground cover, yielding delicious edible tubers.









Preface
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Each reader may come to this book on a different path, but we all have something in common: we’re human, in this together, and we belong to the intricate web of life that Chief Seattle describes. We are all born into that connection and are hardwired to feel it, but depending on our experience in life, we may be pulled away from it. Humans are inherently always looking for a better quality of life—for health, happiness, comfort, and financial stability, among other things. However, it is easy to look ahead and see that many of the choices we as a species have made in that quest are not going to sustain us.


We are at a crossroads and need to start making changes. Many of us rely on systems that are beyond our control—the industrial food system, municipal waste and water systems, the energy grid, to name a few. But we don’t have to rely on those systems—we can be more self-sufficient and take back the reins. We can remember that human life has an ecological purpose and function, which we, the authors, hope this book will raise awareness of.


We authors, Jessi and Dave, have similar stories. In the 1980s we were growing up on opposite ends of the country, spending our time in nature’s playground. Tromping through forests, building forts, and damming small streams was a part of our daily lives. We both explored the outdoors through hiking, fishing, camping, and swimming in natural bodies of water, and we both developed deep emotional connections to the land we grew up on. Little did we know in our youth we were “second-growth” permaculturists in the making. At similar times in our lives, we both witnessed our childhood stomping grounds getting bulldozed in the name of development and were completely distraught. We went on to pursue different studies and careers related to the environment. Jessi’s passion was dedicated to ecological design, while Dave devoted his career to outdoor education. However, both of us ended up making permaculture not only our profession but also the basis of our lifestyles.


We first crossed paths in 2010 at the Northwest Flower and Garden Show in Seattle. Dave was on the hunt for professionals with whom he could collaborate and looking to create a network of permaculturists who were in the field doing good work. That year at the show, Jessi had designed and built an urban permaculture demonstration garden that won numerous awards for sustainability and aesthetics. The irony is that the word permaculture was so misunderstood that it was taken out of the name of that garden because show managers didn’t want to confuse the public. Since that initial meeting, we have collaborated on many projects including designs, workshops, trampoline sessions, and now this book.


Our intention is to make permaculture approachable and inspirational. We want to empower you to start making positive changes, now. We promise that the way you experience the world around you will be richer because of your increased understanding of and participation in nature. At some point, as your connection to the natural world strengthens, you will feel a tap on the shoulder and Mother Nature will say, “You’re working for me now.” Have you gotten the call yet? If not, get ready for a wild ride.


We have written this book for a wide range of readers. We cover a huge range of climate types as well as scopes and sizes of land. We want people in rural areas as well as urban folks to be able to use this book. The first section, Permaculture Basics, equips you with basic information about permaculture, from the definition to the guiding ethics and principles behind it. This part also outlines basic earth science you’ll need to know before jumping into the design process. The second section of the book walks you through the entire design process, from observation to analysis and assessment to developing a master plan and planning how to implement the design and maintain what you have created. The third section of the book covers the systems that should be included in any permaculture design: systems for managing soil fertility, water, waste, energy, shelter, food production, and animals and wildlife. The fourth section describes fifty rock-star plants for permaculture landscapes. The fifth section focuses on invisible structures, the economic and social underpinnings of any permaculture design. At the back of the book are lists of resources and suggestions for further reading that we highly recommend you take advantage of, since this book is just a starting point.




Humankind has not woven the web of life. We are but one thread within it. Whatever we do to the web, we do to ourselves. All things are bound together. All things connect.


—CHIEF SEATTLE















PERMACULTURE BASICS
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Permaculture is a term first coined by Bill Mollison and David Holmgren in the mid-1970s. It has been defined in a huge variety of ways, with the most common being a contraction of the words permanent and culture. It’s also been defined as extreme organic gardening and as a lifestyle that includes being barefoot and spiritual, doing circle dances and full-time yoga. Permaculture can certainly include these elements, but it’s not defined by them. So what, exactly, is permaculture?


In a sense, permaculture is a way of life that’s ahead of its time while also taking us back to how our ancestors lived, sustainably and within their ecological means. That doesn’t mean we can’t live in comfort and utilize current technology in a permaculture lifestyle. Permaculture gives us the tools and techniques to live sustainably while still having our needs met in a lifestyle rich with healthy food, comfortable housing, and renewable energy and resources.


Permaculture is similar to both architecture and engineering in that it is a design approach first and foremost. Whether we are designing a house, a chicken coop, a garden, a bowling alley, or a schoolyard, permaculture is a process that starts with a problem and finds solutions. In permaculture, design decisions are first based on ethics and then incorporate the logic of natural systems. Mimicking nature’s patterns makes our lives more sustainable and less reliant on resources outside of our control.


In contrast to living in a wasteful, consumerist manner that depletes our resources and doesn’t leave future generations much to work with, permaculture is about building resilience and using only what we need and what we have access to—in other words, living within our ecological means. It’s about building fertility and abundance. It’s about designing and building systems in our lives that work together to provide food and water and energy, that reuse waste, and that make life easier. It’s about making these systems beautiful and inspiring, and by doing that, making our lives healthier and better overall.


In a nutshell, then, permaculture can be defined as meeting human needs through ecological and regenerative design.


This section lays the foundation for your understanding of permaculture by first discussing permaculture ethics and principles, and then considering how nature itself works. Beginning to think in these terms is a prerequisite for making permaculture design choices.









Permaculture Ethics and Principles
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In this suburban garden, the space is used to maximize yields and ecological function.
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Placing rainwater tanks between the garden and the chicken run means minimal piping for water to reach both places at CSC Youth House Garden, Corvallis, Oregon.





With all the apocalyptic scenarios available to worry about today, from environmental disasters to peak oil to medical pandemics, it’s clear that we should be concerned about our future. We need to start asking ourselves some questions: Where are we headed as a society? How are our choices today going to impact future generations? Are there alternatives to our high-speed lifestyles? Is there a way to live responsibly that doesn’t feel like we’re sacrificing what we have become accustomed to? Permaculture encourages us to really explore these questions. It offers a set of ethical guidelines and basic principles to keep foremost in mind as we make choices about how to design our lives. This chapter outlines these guidelines and principles after considering why we need permaculture.


WHY PERMACULTURE?


We all have the right to live happily in a healthy world free of pollutants and corrupt systems. Unfortunately, that’s not the world we find ourselves in. Instead, we face actual or potential disruptions to natural, economic, and social systems because of choices that have been made and are being made that don’t take into account the next seven generations or our fellow species on the planet.


Here are a few questions we would like everyone to think about:




	Economics: Would you be able to meet your basic needs if suddenly your life savings, income, and property values plummeted to a tenth of what they are today?


	Resilience: If all movement or transportation of resources (such as food or water) to your area were cut off for two weeks, could you manage?


	Health: How would you feel if someone in your family became terminally ill from toxins introduced into the environment by humans?


	Climate: Would people in your area be able to thrive if the climate where you live became extremely erratic (higher high temperatures, lower low temperatures, periods of both drought and flooding)?


	Environment: How would you feel if the natural place to which you feel most connected were destroyed to make way for a parking lot or a strip mine?





Answering those questions evokes some powerful emotions and points to why we think permaculture design is the way to go.




	Permaculture empowers us to take control of our lives and teaches us the skills we need to take care of ourselves.


	It makes us think about the big picture.


	It forces us to think outside the box and puts us in an ecological frame of mind that asks, “What would nature do?”


	It’s holistic and combines the best of all design fields.


	It makes us feel connected to the place where we live.


	Anyone can do it—we don’t need a fancy degree to get started.


	We can easily start to put it into action.


	It’s not prescriptive or formula based, so it allows different people in different places to arrive at different solutions.







The only ethical decision is to take responsibility for our own existence and that of our children.


—BILL MOLLISON





PERMACULTURE ETHICS


Permaculture design choices are based on a few simple ethical guidelines. Permaculture’s basis in ethics is a big part of what makes it different from other design fields. Permaculture literature generally agrees on the first two ethical guidelines, but the third (and sometimes fourth and fifth) can vary a bit. What we’re offering you here is the approach we find most useful for designers. Note that whenever one ethic seems to be in conflict with another, the first ethic trumps the rest.
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Urban farmer Will Allen has dedicated his life to developing Growing Power, a nonprofit that educates people and grows food in underserved communities.






Care for the earth


It may seem obvious, but being good stewards of the planet comes first when we are designing permaculture systems. The intrinsic value of functional ecosystems, as well as other living beings, is a big part of this. We have a vested interest in maintaining functional ecosystems for our own health and prosperity. The more we damage ecosystems, the poorer the air and water quality become for us and our children. Thus, to help, or at the very least to do no harm, should be a core tenet of the way we impact the earth with our landscape designs, just as “first, do no harm” is a guiding principle of medical practice.


We want to avoid damaging intact, functional ecologies in the name of fulfilling our dreams of self-reliance, productive food systems, and homestead living. A part of being good stewards of the earth means leaving alone and protecting healthy, functioning ecosystems. From a landscape perspective, we quickly realize that permaculture design is best used to regenerate degraded landscapes. Such landscapes are often lacking in biodiversity, structural complexity, and resilience in the face of disturbance. These landscapes may include conventional agricultural fields, lawns, eroded sites, logged lands, polluted sites, and plantations.


Care of people


The permaculture systems we design should also address the needs of people. In the developing world and the inner city, we can see plenty of examples of the basic needs of people not being met. For these folks, environmental stewardship may be a lower priority than food, water, and income. We can’t expect everyone to go the extra mile for environmental stewardship when their basic needs are unmet. That’s why our systems need to address the needs of people. By making sure people’s needs are met through our design solutions, we offer them the capacity to be better stewards of the earth.


For instance, what if a design for a park in a low-income community incorporated lots of edible landscaping? The local residents might find that they have a vested interest in being good stewards of that park since it now helps provide for their needs in a direct way. If that same park were filled only with low-maintenance ornamentals or grass, it might be more likely to collect litter and degrade over time because people would be less likely to take an active stewardship role in something that didn’t provide more tangible benefits for them. That’s when the idea of environmentalism becomes something for everyone, not just the fortunate few who don’t have to worry about food, clean water, and sanitation.


When designing systems that take care of people, we don’t just want to consider ourselves, our families, and our neighbors; we want to extend this concept to future generations. If we extend this ethical mandate to include our children, grandchildren, and so forth, our designs start to look very different. All of a sudden it’s worth planting trees that won’t produce a harvest in our lifetime. The slow task of building healthy, rich topsoil through organic practices instead of looking for the chemical “quick fix” becomes more sensible. We start to be able to wrap our minds around ecological changes as they relate to geological time scales. We can think bigger and we can set into motion actions with impacts that will be felt well into the future. Many design decisions that seem difficult become much clearer when we ask ourselves which decision would best serve our grandchildren.


From a broader perspective, humans and nature aren’t really as separate as we often think. We’re actually as much a part of nature as ants, mushrooms, or apple trees. That’s why, in reality, caring for the earth actually means caring for people, too, and that’s why the first ethic wins if they ever seem to be in conflict.


Careful process


It’s not just about the end goal, but also about how we get there. The approaches we choose and the context we set with our design decisions are just as important as the end product. This ethic essentially serves as a bit of a catchall for the other ethical concerns we want to address with our designs. It breaks down into two separate concerns: redistribution of the surplus (to the ends of caring for the earth and people) and self-regulation of consumption and growth.


With regard to the first concern, one goal of the systems we design should be to create abundant yields. After all, we’d all much rather live in a world of abundance than a world of scarcity. This means that permaculture systems often generate surpluses—of food, biomass, electricity, time, knowledge, and such. If we don’t handle these surpluses properly, many of them can actually become pollutants. Therefore, we have an ethical mandate to redistribute those surpluses to turn potential problems into elegant solutions.


What this ethic is really about is taking the surpluses a system produces and reinvesting them where they will do some good. That can mean rolling them back into the system (for example, composting food waste and putting that compost into the garden) or sharing them with someone else to help increase their capacity to care for the earth (for example, giving a neighbor seedling nut trees to plant). By using our surpluses to make sure the needs of those around us are met, we benefit in many ways. First, if the needs of those around us are met, they are in a better position to join us in our efforts to care for the earth. Second, if the needs of those around us are met, we find ourselves living in communities characterized by hope and pride rather than desperation and apathy. However you work it out, all surpluses of the system should be reinvested in caring for the earth and people.


The second concern, self-regulation of consumption and growth, requires us to look at our behaviors as much as our design choices. Sometimes the best designs require fundamental behavior changes to decrease consumption. Therefore, we need to pay close attention to the assumptions regarding consumption that go into our designed systems. For instance, before figuring out how to increase water supply on an arid site, it makes sense to look at methods for decreasing consumption of water first.


Similarly, many of us now realize that one of the biggest problems with capitalism is that it’s based upon assumptions of never-ending growth. In nature, nothing grows forever. Body mass, population size, and temperature all increase, decrease, and level off at various points in time. We need to design systems with the flexibility to grow, shrink, or achieve a steady state (at least for a while). We certainly don’t want to continue designing our world in such a way that it ceases to function when continual growth is in question.
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If you grow more food than you can eat, you can turn it into money by selling it at a farmers’ market. You can use the income generated to make your land more sustainable.





In essence, we can choose to apply self-regulation to consumption and growth, or else nature will ultimately do it for us—in the form of epidemics, disasters, or famine. Luckily, we have a capacity for independent thought that goes way beyond instinct. We alone in the animal kingdom can actively choose to regulate our own growth and consumption, which will increase the stability of our systems and avoid boom-and-bust cycles.


This is where the concept of carrying capacity becomes important. Carrying capacity is the maximum number of individuals of a species that can be supported by a given environment. When the population is below carrying capacity, it tends to grow; when it passes carrying capacity, it starts to decline. We must understand a site’s baseline carrying capacity and then either work within that carrying capacity or design ways to increase it. Either way, understanding and modifying our expectations around growth and consumption are first steps toward sustainable living.


Transitional ethic


The transitional ethic is your lucky, bonus ethic. It appears in only a few pieces of the existing permaculture literature, but we find it to be extremely important. Essentially, the transitional ethic says that no one is going from zero to sustainable overnight. Making that transition takes time.


What does that mean for using nonsustainable technologies like excavators and lawn mowers? If we consider the embodied energy in those types of things and we consider that they already exist, we must ask whether the worse sin is to use them or to let them go to waste. Embodied energy refers to the total energy involved in the production of an object. For instance, the embodied energy in a bulldozer includes the energy spent on mining the metals, smelting the steel, manufacturing the parts, shipping the parts to a factory, assembling the machinery, and shipping the bulldozer to the sales floor.


Given that a bulldozer has a huge amount of embodied energy, especially as compared to a shovel, the issue becomes how we will use it. Using a bulldozer as part of a strip-mining operation to fill someone’s pockets is ethically questionable. Using a bulldozer to install water-collecting earthworks in an arid landscape to aid in revegetation and aquifer recharge makes more sense. Using nonsustainable technologies may be appropriate if they are being used to set up systems for sustainability that will last long into the future.


Permaculturists avoid designing systems that are reliant upon nonsustainable technologies in perpetuity. From a permaculture perspective, this is where the concept of appropriate technology fits in. Appropriate technology refers to any application of knowledge and skills that is considered to be appropriate for a given situation. What is appropriate in one circumstance may not be so in another. Typically, appropriate technologies are small-scale, labor-intensive, energy-efficient, environmentally sound, and locally controlled.
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The Bullock family has been developing their permaculture site on Orcas Island, Washington, for more than thirty years. Their focus has been on getting their own systems established first, then teaching others what they learn.





Not only must we examine whether the use of unsustainable or polluting technology is appropriate in terms of our end goal; we must also look at the technologies that we will be relying on for the long term. Permaculturist Douglas Bullock often says that to determine whether a technology is appropriate, we must look at whether the end user can appropriate it. In other words, the people who will be using it must able to understand, rebuild, repair, and recycle the technology. If this is not the case, we need to think long and hard about whether a technology has a long-term future in our systems even if it is being used as a short-term solution.


To this way of thinking, many of the high-tech climate-control systems found in cutting-edge green homes may not be appropriate because the people living in those buildings and their neighbors likely do not possess the skills to repair them. While those complicated systems may be used in the interim, a long-term shift toward passive solar design and low-tech heating and cooling devices such as efficient woodstoves and swamp coolers may be better options.


The transitional ethic is also the one that keeps competent permaculturists humble. There is no more effective way of turning people off to permaculture than to act judgmental about where one has landed on the road to sustainability. Looking down one’s nose at someone else for not composting their poop is not helpful; welcoming permaculture newcomers aboard and asking how one can help them take the next step is.


Start by making sure your own needs are met within a regenerative context and only then focus on your family, then your friends, then your community, and so on. Putting your energy toward solving global issues when your own needs and impact at home aren’t addressed just doesn’t make sense. We must take care of ourselves and make sure the impact of our existence is a positive one before we can take care of others and help them have a positive impact.


Beware of those who walk through a site and are vocal about what features are and aren’t permaculture. Without understanding the fullness of a given situation, no one can make competent judgments about another’s design or site, especially if they’re only looking at the project at one stage of its development. This is why we like to say that permaculture design offers us a perspective, not a prescription.


SYSTEMS THINKING AND PERMACULTURE


We often refer to systems when we talk about permaculture (water systems, energy systems, food systems, and so on). In its simplest form, a system is a bunch of parts (elements) arranged such that their relationship to one another (their function) allows some sort of job to get done or some goal to be accomplished (purpose). For instance, a bicycle is a simple system composed of a bunch of elements (handlebars, chain, wheels, and so forth) put together in such a way (handlebars connected to frame, frame connected to wheels) that they function to accomplish the purpose of transportation. We can see the same concept when looking at the parts of the human body. A pile of organs sitting on a table does not make a person. However, when those organs relate to each other in just the right way and each performs its functions, we are the result.


When all the elements of a system come together in the right way, the whole becomes more than the sum of its parts and emergent properties appear. For example, the emergent properties of a human may include the ability to cook Thai food, tell a joke, or write haiku. Essentially, systems thinking is all about exploring those relationships between elements that allow unique system properties to emerge.




EXAMPLES OF SYSTEMS
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Permaculture is a process of holistic design that forces us to think in systems. Not only must we think about the relationships among all the parts in, let’s say, our landscape, but we must also cross conventional boundaries between disciplines and look at how our landscape, buildings, social systems, and so on all relate to one another. That means the landscape is no longer just the pretty accessory that surrounds the house but is just as important as the house. In fact, in some cases we may decide to change the design of our house, energy system, or social structure to accommodate some other part of the design.


A number of permaculture design strategies follow from systems thinking. Let’s look at some of these strategies.


Anticipate limiting factors.


Looking at limiting factors allows us to see where the leverage points are to make changes in a system. For instance, if the limiting factor for plant growth in your garden is nitrogen, adding all the potassium in the world won’t help it to grow better. However, we must also understand that the nature of limiting factors is that they are dynamic. If we add nitrogen to our garden, at some point it will no longer be the limiting factor, but something else will take its place (such as potassium, manganese, or calcium).


We could look at any complex system and think of it as having layers of limiting factors. Therefore, our designs must both address the limiting factors in play at present and try to predict what limiting factors will come. Returning to our example, if we apply an amendment to our garden with an array of nutrients that closely matches our soil’s deficiencies, we can avoid experiencing many limiting factors altogether. Thinking about limiting factors will allow us to address upcoming limiting factors before they actually become an issue. We must always remember, though, that there are environmentally bounded limits to growth for all of our systems (think carrying capacity), and if we disregard these, our systems will have unintended negative consequences.


Develop a holistic context.


Traditionally, Western culture has used reductionism as a way to simplify decision making. Sometimes this is helpful, as trying to take everything in the universe into account could mean you never actually get around to making a decision, but sometimes reductionist thinking can go too far. For example, a reductionist approach might look at body weight alone as an indicator of human health. A holistic approach, by contrast, would look at weight, fitness, diet, genetic factors, lifestyle choices, and emotional well-being, among other factors.


When we think holistically, instead of looking at how many parts we can throw away when making a decision, we think about how many parts we can keep in the equation without becoming overwhelmed. In design, this may mean that answering a question like Should I graze cattle here or plant a forest? may start with answering the question How do I want my life to be and what do I want for my children and grandchildren? What are the overarching goals? Allan Savory, founder of holistic management, refers to this process as developing a holistic context from which all of your decisions flow. Once you have a holistic context, you can check each decision in your design to see whether it moves you toward what you really want. If it doesn’t, try a different option.


Design systems with closed loops.


If you think back to your days in high school earth science or physics, you might vaguely recall learning about the laws of thermodynamics. The first two have specific importance for permaculture designers. The first law of thermodynamics basically says that neither matter nor energy can be created nor destroyed. They can only change form. This is important for permaculture designers to understand because it holds within it the idea that there is no “away.” Nothing ever disappears. Sometimes it leaves our system (for example, the trash we put out by the curb), but it just goes into someone else’s system. In permaculture, we design systems with closed loops as best we can. For example, instead of throwing away food waste, we can compost it (that is, change its form) and reapply it to our garden. That way we don’t export waste that needs to be dealt with elsewhere and we don’t have to import fertilizer to grow our vegetables.


Make use of by-products.


The second law of thermodynamics says that whenever something is used to do work or whenever it changes form, some of the energy is lost as heat or light. For example, if you put your hand near an incandescent light bulb, you feel heat. The goal of that bulb is to create light so we can see, but turning electricity into light actually involves losing a lot of the energy as heat. If we keep this in mind as designers, we can do our best to make use of that by-product.
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At Growing Power in Milwaukee, Wisconsin, this greenhouse is heated by the biological activity of the compost piles in the corners. Dave took this picture on a day in January with a high of 17°F outside, and the greens looked just fine.





For instance, in composting, some of the energy in decomposing food waste gets lost as heat, which you know if you’ve ever turned a biologically active compost pile on a cold day and watched the steam rise. As designers, our job is figure out how to either minimize this loss or, better yet, take advantage of it. What if you put your compost pile inside of a greenhouse in the winter to keep it warmer than it would otherwise be? Will Allen of Growing Power in Milwaukee, Wisconsin, did just that. In a greenhouse with no active heating strategy other than compost piles in the corners, Will Allen produces hardy crops of salad greens all winter.


Avoid shifting the burden to the intervener.


Basically, shifting the burden means that if we design systems that don’t regulate themselves through their functional interconnections, we must supply some of those regulating functions. If our systems don’t function without our intervention, we set ourselves up for more work. Taking on the burden for system function can lead to a feedback loop where more and more intervention is required over time to keep systems functioning. Therefore, we should strive to design systems that are largely self-maintaining. Even systems that require lots of work from us during establishment should be designed so that the system will provide for most of its own needs as it matures.


Ask yourself how much maintenance your systems require and whether those systems will require more or less maintenance in the future. Then rethink any systems that will require more maintenance in the future to help them become more self-maintaining. And make sure the systems you’ve designed address root problems and not just symptoms.


Maximize positive emergent properties.


Emergent properties of a system show up when each element in the system is performing its function. Emergent properties can be expected or unexpected, good or bad. The key for permaculture designers is to look at each aspect of our designs through a holistic lens so we can try to anticipate as many emergent properties of the systems we design as possible. When designing it is also important to periodically check back with our overarching mission, vision, and objectives so we can make sure the systems we are designing are creating the sort of emergent properties that will move the project in the right direction. Keeping these things in mind enables holistic designers to maximize the positive emergent properties and lessen the negative ones.


PERMACULTURE PRINCIPLES


We like to think of the principles of permaculture design as filters for our design decisions. We can use them to test different solutions to design problems to see which ones will lead us closer to our vision and to sustainability. The lists of permaculture principles found in various publications range in length from four to forty. What follows is a distillation of the principles that we have found to be most broadly applicable to permaculture design in our experience. We also offer a few questions for each principle that you can use to work through your design.


Locate elements for functional interconnection.


Putting elements in the right place in the landscape and in relation to one another can create beneficial relationships and allow systems to function. These functional interconnections between elements result in systems with closed loops, which are more efficient and lower maintenance than those without. For instance, a greenhouse attached to the sunniest side of the house may help heat the house through solar gain and create a productive growing space. These benefits would be downplayed or lost if the greenhouse were on the shady side of the house.


Questions to ask:




	Does this element relate to those around it in a way that makes sense?


	If this element were moved somewhere else, what would be the potential benefits and/or limitations?
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In this garden, greens are being grown between bean poles and a greenhouse to provide shade in the summer, which prevents them from bolting.





Choose elements that have multiple functions.


The elements we include in our designs should have multiple functions, and they should be used to the fullest. When we have a choice of different elements that could do a particular job, we should aim to use the ones that do more for us and the surrounding ecosystem. For instance, if we wanted to create a privacy screen between our yard and our neighbor’s, we could plant a mixed-species hedge. This could provide food, flowers, medicine, habitat for wildlife, and a nectar source for pest predators as well as screening. This is preferable to a wooden fence that doesn’t do much other than block the view.
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This sauna stove located in a greenhouse not only heats the sauna for people but also for dehydrating produce; it also has a flat spot on the upper surface to hold a teapot.





Questions to ask:




	Does each element in my design provide multiple functions?


	Are there any elements I could swap for others to provide more functions?


	Am I taking full advantage of all the functions offered by the elements in my design?





Design for resilience.


Each essential function in our designs (for example, potable water, income, food production) should be supported by multiple elements. We want to make sure that our systems don’t stop functioning in the face of disruption. As a rule of thumb, we like to have backups for our backups. The more essential a function, the more backups we want to have. For instance, if the water main breaks during a hot, dry spell, we need to have other ways to irrigate our crops such as cisterns, rain barrels, and, if necessary, bucket brigades from the nearest water source. All of these approaches require some forethought in the initial stages of design. Applying this kind of “resilience thinking” to each aspect of a design leads to a more robust system overall.


Questions to ask:




	What kinds of events might disrupt each system in my design (for example, disasters, service disruptions, loss of employment)?


	Will my systems keep functioning in the face of these disruptions?


	If not, how can I add at least two layers of job redundancy to improve system resilience?





Obtain a yield.


We want to design systems that provide yields for us. In fact, we want to make sure that our systems don’t just yield in the distant future, but throughout their lifespan. Our systems should start yielding early in their development and continue to increase yields as they grow until they reach maturity. For example, in the landscapes we design, first-year yields are primarily annual crops. In the second year, berry crops come online while we still harvest lots of annuals. The third year brings light yields from tree fruits. In the fourth year, we might add in yields from mushroom logs. Eventually, perhaps five to ten years along, we can start to receive yields from nut trees and small-diameter timber crops. The key is planning ahead to make sure we won’t be working hard with nothing to show.


We must also make sure that we recognize all the yields that our systems provide and take advantage of them when we can. This means acknowledging yields that may not have a direct economic value such as carbon sequestration, aesthetics, and wildlife habitat.


Questions to ask:




	Will my systems provide yields throughout their development?


	Can I make any changes to my design to insure both short- and long-term yields?


	Do I have any gaps in the development of my system or annually where I receive no yield?





Look for small-scale, intensive solutions.


Whenever possible, we should aim to use solutions that are small-scale so they are more easily manageable and easier to adjust and control. Even for designs that may eventually grow to have large positive impacts, it is important to start small. That way, initial failures will also be small. We can use these failures as learning experiences to perfect our designs before we scale up. After all, we can often learn the same lesson from a $100 mistake that we can from a $1,000 mistake. Perhaps just as important, when people fail big they tend to quit. Failing small means you are more likely to try again.


Intensive land use means using the least land possible to supply our needs. Ultimately, if we design intensive systems and meet our needs on less land, we can afford to leave more land to return to functional wilderness ecosystems.




[image: image]


Immediately after planting a new perennial landscape, Jessi likes to plant winter squash or pumpkins to make a quick ground cover that provides a yield the first year.





Questions to ask:




	Regardless of how grand my ultimate vision may be, am I starting small?


	Could I start smaller?


	What will be the consequences if this idea fails?


	Am I making the most of the land I’m using or could it provide more functions?


	Could I achieve my goals in less space?





Mimic nature and use biological resources.


The way things are done in nature should provide many clues as to how we might get the same jobs done within a context of sustainability. Mimicking nature doesn’t just mean copying the forms we see in nature, but more important, copying the functions that result from those forms. In other words, emulating relationships found in nature is where we want to focus our energy. Often this means using biological resources. The wonderful thing about biological resources, ranging from yeast to lettuce to cattle, is that they are inherently regenerative. They can use energy from the sun (either directly or indirectly) to make more of themselves. The same cannot be said for nonbiological resources such as tractors, concrete, and even solar panels. Therefore, when looking for the solution to a problem, we should make sure we explore biological solutions first and use them when practicality allows.


For instance, to mulch a garden we can use a biological material like wood chips or we can use black plastic. Both will maintain soil moisture, prevent the sun from baking the soil, and minimize weed problems. However, the black plastic is made from petroleum, which is a nonrenewable resource. It will eventually degrade and need to be thrown away. Conversely, the wood chips will slowly break down. When they’re gone, more wood chips can be produced locally. What’s more, the breakdown of the wood chips adds organic material to the soil, whereas the breakdown of the black plastic makes a mess.


Questions to ask:




	Is this how this problem or situation would be dealt with in a natural system?


	Does my design rely on nonbiological resources?


	If so, as the design matures are the nonbiological resources replaced by biological ones?





Strive for diversity.


Whether we’re talking about biodiversity or cultural diversity, increasing it is almost always an important part of our designs. This principle is intimately tied to several of the others. High diversity can help to maintain a dynamic sort of stability in a system. Economically speaking, people often talk about diversifying their portfolios. Diversity helps to build resilience in a system. More diversity in a landscape means more potential for functional interconnection, more potential yields, and improved ability to withstand losing any one element. More diversity in the cultural makeup of your community means more perspectives, more ideas, and more opportunities for learning.


A good example of using diversity in our landscapes is to plant more than one species together (an arrangement known as polyculture). Let’s say we plant an orchard with many different species of fruit trees. Within each species we plant a range of different varieties with different characteristics. If a disease strikes the apples, other fruits will still produce for us. Perhaps even some of the apple varieties will prove to be more resistant than others. If we are selling fruit, we won’t have all our eggs in one basket; our bad apple year will be buffered by our crops of cherries, plums, pears, and apricots.




[image: image]


This garden at Bullock’s Permaculture Homestead uses multiple vertical layers to increase the number and diversity of plants in the area, mimicking what we might find in a natural ecosystem.
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This border at Jessi’s house includes a variety of plants, each of which supports different types of insects and has different functions, ranging from food and medicine to beauty and weed control.





Questions to ask:




	Does my landscape design increase biodiversity (at the species and genetic levels)?


	Does my social system design value and honor diversity?


	Does it encourage greater diversity?


	Are the economic opportunities in the design diverse or are they all contingent on one element?





Solve problems creatively.


Permaculturists have embraced the idea that every problem contains the seed of its own solution, or simply, the problem is the solution. There is some truth to this, but it can be difficult to see when we’re in the middle of dealing with the problem. Adjusting our perspective can help. When a problem seems unsolvable, it is important to look at our assumptions and make sure they’re valid. Think outside the box. Think at both larger and smaller scales. Perhaps most important, make sure you’re asking the right questions.
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We could look at a tree falling down as a problem, or we could see it as an opportunity to use the wood for firewood or mushroom production.
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Espaliered fruit trees can be grown in tight spaces but also require a lot more maintenance. This may be fine, but we need to be aware that it will take more work.





Questions to ask:




	Does my solution address the core problem or just a symptom?


	Am I trying to work around something that can’t be corrected? Is it worth it?


	Are there other problems that could help solve this one?


	Is there a solution that would involve less work?






Make sure an element’s use is in harmony with its nature.


Stress is the result when elements in a system don’t have their needs met, when they compete with one another, or when they are being forced to perform unnatural functions. When our designed systems are in harmony, this is not the case. Therefore, when designing our systems we must make sure that we are using elements in a way that is in line with their nature. Whenever we force an element to perform an unnatural function, it results in more work for us.


For example, if we were to plant an apple on standard rootstock in a container on the back porch, the tree would soon become root-bound and would need to be dug up and root pruned frequently. We would also have to prune the top severely several times a year to prevent it from blocking our view. All of this disturbance might cause the apple to become more susceptible to pests and disease, which we would have to manage. After all this extra work, the calories we spent on tree care would probably outweigh the calories in the apples harvested.


If, on the other hand, we chose a dwarfing rootstock for the container-grown apple on the back porch, the apple’s characteristics would be a natural match for the conditions available. We would likely have less work (also known as more hammock time) and greater success.


Questions to ask:




	Are the elements in my design stressed?


	If I used different elements in place of stressed elements (different species, varieties, breeds, makes, models), would I have a more harmonious result?


	If I put the element somewhere else, would it be less stressed?


	Will any aspects of my design result in more work for me in the long term?


	How could I alleviate that?





Manage edges.


In this context we’re using the term edge as a synonym for surface area or perimeter. When creating our designs we must always pay attention to edges or the places where two distinct things come together (land and water; forest and field; one cultural group and another). These edges are often very dynamic—that is, conditions found at edges support individuals unlike those found in either of the things coming together. Fusion cuisine results at the edge of two different cultures’ culinary traditions; cattails grow at the edge between deep water and land. Some of these edges are beneficial, but others create more work for us. Therefore, we strive to increase beneficial edges and minimize problem edges.


For instance, when fencing we often try to minimize the perimeter of the fenced area while maximizing the area enclosed. This minimizes the materials we use and the time we spend walking the fence line to check for damage. On the other hand, if we were putting in a pond and we really wanted to grow lots of cattails, we would want to make the pond edge extremely sinuous to maximize the amount of edge for our chosen crop.
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At permaculturist Jude Hobbs’s house in Cottage Grove, Oregon, this lawn area has curved edges to allow for more points of access to the productive garden.
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At her house in Seattle, garden mentor Robin Haglund catches rainwater from her greenhouse roof and uses it in her landscape to increase productivity.





Questions to ask:




	What kinds of edges am I dealing with?


	Would it be beneficial to increase or decrease them?


	Would increasing or decreasing the edge in question create more or less work?


	Does my management of edges align with the project’s overarching vision and goals?






Cycle and recycle energy.


Electricity, money, time, steel, potatoes, and potentially love are all just different forms of energy from which we can benefit. This principle asks us to look at how we can keep beneficial forms of energy in our systems as long as possible. How can we take full advantage of an energy source and then use it again and again until it is no longer useful? Part of the goal here is to create as many closed loops as possible. In other words, how can we take the waste products of one system and turn them into the resources of another one? Also, as parts of our system degrade, we should look at how to use them for the next highest use. Finally, we must figure out how each resource in our design responds to being used. Does use cause it to increase or decrease, or is it unaffected? Is it lost when unused? Does it create pollution or system degradation when used?


The idea of next highest use is a way to take maximum advantage of the resources we consume before the end of their useful lifespan. For instance, if our old farmhouse is getting old, we can choose to rebuild, reusing any timbers that are still good. Any timbers with rot can be cut into good and bad pieces, and the good pieces can be used to make chairs for the kitchen table. Some years down the road, if one of the rungs on the chair breaks, we can carve spoons out of the wood. When the spoons break or get ratty, we can add them to the wood chips on our garden paths or use them as kindling for a cooking fire. The ash remaining from the fire can then be used to make soap. Notice how this is very different from tearing down the original house and turning the timbers directly into firewood. This same thinking can be applied to everything from water to heat to electricity. Ask yourself, “How can I get another use out of this before I throw it away?”


A great example of energy cycling and recycling can be found at Bullock’s Permaculture Homestead. Solar pumps lift irrigation water from a pond at the lowest point on their property to the highest point. From there the water feeds by gravity down to irrigation systems in the gardens. Water escaping the root zone of plants reenters the water table and eventually finds its way to the pond again. From there it cycles again and helps to supply much needed water for a homestead with a three-to-four-month dry season. If that water weren’t cycled back into the system, it would overflow out of the pond and enter Puget Sound, where it would mix with salt water and become less useful.


Questions to ask:




	Am I using each resource in my design as much as possible?


	Am I closing loops with the systems I design?


	Does my design take advantage of resources’ next highest uses?


	Am I making use of resources that degrade when unused?


	Am I avoiding using polluting resources as much as possible?












Learning from Nature


A fundamental understanding of ecology is critical to permaculture design. After all, how can we create designs that mimic nature if we don’t understand how nature functions? Ecology is the science of looking at living organisms and how they interact with and relate to each other in the habitat in which they live. The spectrum of what ecology covers is vast—everything from the microorganisms found in streams to carnivorous mammals living in the Amazon rainforest. It’s important to consider how significant the relationships and connections are among animals (including humans), plants, soil, air, and water. Thinking in this context gives us a much broader and more holistic perspective when creating our own designs and solving problems.
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Breadfruit is an important staple crop in many tropical locations. A large, fast-growing evergreen that casts dense shade, breadfruit prefers to grow in deep, fertile, well-drained soils. These are all aspects of its species niche.





CORE ECOLOGICAL CONCEPTS


Ecology encompasses many specialties, including but not limited to soil science, wildlife biology, ocean physics, climatology, and botany. Here we highlight some core concepts of ecology that are useful to think about during the design process. Some important questions to keep in mind when you are stuck with a challenge are: What would nature do? How would this play out if nature took its course? What can I do to mimic natural processes?


Niche


The term niche describes the lifestyle of a species or its unique job description within the community or ecosystem in which it lives. Niche can be expressed in two ways. One is the species niche, which is what makes that species unique. Think of it as that species’ baseball card stats, where the stats would include food sources, types of habitat, survival and adaptation strategies, and what it can provide to other species in the ecosystem. Niche can also be expressed as the community niche, which defines the specific role in which the species contributes to the community—like a job description. Nitrogen fixer is one job in a community that could be filled by many species; a more specific role is a canopy-dwelling insect that eats leaves.


Some species, such as humans, can be defined as generalists, which are widely adaptable and less likely to suffer when their habitat changes. Specialists, on the other hand, have very specific jobs and depend on conditions that are just right in order to survive. Through a pattern of interspecies relationships and cooperation, the resources of a given habitat are divided up among species. However, depending on the job of the species and on the environment, competition for resources will exist if other species in the area have the same niche. In our designs, we want to minimize competition and maximize cooperation by mimicking beneficial relationships found in nature.


Ecological succession


Ecological succession is a core concept in ecology that relates to the dynamic process or sequence of development in an ecosystem. These changes often follow a predictable pattern in the classic linear view of succession. However, variable site conditions and further expected or unexpected disturbance events can change the direction in which an ecosystem develops.
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Disturbance can include human-caused types such as land clearing and pollution, as well as natural occurrences such as fire, lava flow, or landslide.




	Primary succession is when the ecosystem starts developing after a severe disturbance has left no ecological community in place. This is usually the result of volcanic eruption, desertification, glaciation, or severe erosion from either natural causes or intentional site scraping for land development.


	Secondary succession occurs after a previous biological community has been disturbed but leaves behind legacies such as organic matter in the soil, seed banks, and organisms from that previous ecosystem. This often follows forest fires, wind blowdowns, or clear-cutting.





After disturbance, a group of plants known as pioneer species that are highly tolerant of extreme or poor growing conditions usually moves into the newly disturbed space. These are often nitrogen fixers or plants that produce a lot of biomass; they create better living conditions to facilitate the success of future species. The niche strategy of pioneer species is that they are fast growing and sometimes spread aggressively. These plants can often be labeled weeds, but they are simply acting as a Band-Aid to disturbed sites.


During the intermediate stages of succession, the plant communities grow more complex with time. This transition is most often depicted as going from grassland to a mixed shrub layer that turns into a deciduous forest and then into a coniferous forest. However, vegetation will vary with differing site conditions. The niche strategy for survival for these mid-succession species is that they are competitors.
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The large-leafed plant is burdock (Arctium lappa), a biennial pioneer species that produces many seeds and spreads them by attaching its burrs to passing animals. In this system the burdock is grown in a barrel for easier harvest of its long roots, which are both edible and medicinal.





The late successional community is traditionally seen as a stable ecosystem, but it is certainly not static. The plants are taller, grow more slowly, and in many cases are able to support a more diverse population of organisms in comparison to earlier stages. The matrix of late-successional species varies widely from region to region. Mountain ranges offer a different mix of conditions and species adapted to those conditions than a low valley nearby. The niche strategy associated with late successional species is that they are stress tolerators.


Often succession is illustrated in a linear fashion, from disturbance through several phases to a climax. However, that image lacks the complexity of the real world. At any point during the development of an ecological community, patches within it can be set back by disturbance. Then the process starts over again but not necessarily always in the same direction. Most landscapes hold a mosaic of patches at different stages of succession. The same disturbance can impact an ecosystem differently in different areas. That means two important features of succession must be acknowledged: (1) there is no single climax ecosystem that a landscape moves toward; (2) succession can actually move forward, backward, and laterally within a landscape. However, it tends to move in the same direction within individual patches, or ecological units within which conditions are largely the same.




A PATCHWORK FOREST
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As permaculture designers, we need to understand how our gardens can be looked at in different stages of succession. In many cases, we can accelerate these stages through careful selection and management of species. However, we must have a clear idea of which successional stage we would like to achieve. We are not always rushing toward late succession. In fact, most abundant food plants tend to be early to mid-successional species.


Bioregion


A bioregion is an area of land defined by geological boundaries or ecological similarities rather than political boundaries. Bioregions often follow watershed boundaries and encompass a distinct area that shares unique characteristics of flora, fauna, geology, and climate in comparison to its neighboring regions. From the human standpoint, looking at the local bioregional resources and how we are using them is important in living sustainably. If we look at human history within a bioregion, we find embedded local traditions that are adapted to the local resources available. This includes food production, architecture, and health systems. We can often replicate those cultural patterns in our designs to make them appropriate to our bioregion.


Biodiversity


The diversity of species is usually an indication of ecosystem health. Natural ecosystems contain a wide variety of organisms—humans, plants, animals, fungi, bacteria, and so forth—that interact in the web of life. The more species within an ecosystem, the more potential for beneficial interaction we have. The same goes for genetic diversity within a species. In our designs, it should be a goal to increase or maintain biodiversity to achieve greater stability. Note that doesn’t mean static stability (the ecosystem never changes), but dynamic stability (the system changes, ebbs, and flows but never fails). Species may come and species may go. The same goes for individuals, but if there are many species and genetically different individuals present, the whole system will not collapse with those changes. This means the ecosystem, on the whole, is more adaptable.


Interaction between species allows resources to be exchanged—whether those are food and nutrients, oxygen, shelter, or predation. One organism may protect or be symbiotic with another. The more species we have, the more opportunity there is. Genetic diversity within a species is also an important component of biodiversity. If we are going to plant ten apple trees and we choose to plant all ‘Fuji’, they all will share the same weaknesses. That means if a disease strikes and ‘Fuji’ is susceptible, we may lose all our apples. Instead, we can plant ten different cultivars; then, if one or more proves resistant to the disease, we still get a harvest. What’s more, we can select cultivars that produce apples with different qualities and that produce at different times of the year.


Monocultures and polycultures


Monoculture is the agricultural practice of growing one species in large quantity to minimize the need for labor inputs and create easier and more cost-effective maintenance. For instance, an industrial farm might grow 2 acres of carrots. However, monocultures preclude biodiversity. The carrots in our example will be more susceptible to diseases and pests, such as carrot rust fly, because the pests have a near-unlimited supply of food. That means their populations will grow much larger than they would in nature. This is a huge part of the reason industrial agriculture is so reliant upon chemicals. How else can you do battle with massive swarms of ravenous insects?
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A variety of flowers and vegetables are grown together at Bullock’s Permaculture Homestead, creating a profusion of colorful production.
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At Bullock’s Permaculture Homestead, more than eighty varieties of apples are grown. This picture shows a fall harvest of storage apples that will be eaten in ripening order all the way through early spring.





Permaculture designers favor polyculture, the practice of growing multiple species in an agricultural setting in the same space and at the same time. This emulates nature’s example of biodiversity and makes it more difficult for pests and diseases to take hold. For example, if our carrots are being grown in smaller plots mixed with other vegetables and possibly even perennials, it will be much more difficult for the carrot rust fly to find a carrot. Even better, all those other plants may support predators that eat carrot rust flies! Growing plants in polycultures also means a greater diversity of products served up throughout the year. Instead of just one big harvest of carrots, we can have an entire smorgasbord of fruits and vegetables.
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These beehives at Kailash Ecovillage in Portland, Oregon, are a home for beneficial insects, in this case honeybees, which provide valuable pollination services.





Ecosystem services


The term ecosystem services refers to the benefits that functional, healthy ecosystems provide. Examples of ecosystem services include pollination, water filtration, carbon sequestration, and erosion prevention. As designers, it is in our best interest (and the interest of other life forms and future generations) to strive to make sure that the landscapes we design provide plenty of ecosystem services for the benefit of all. It is also important that our designs do not impede ecosystem services from happening.



YOUR ECOLOGICAL CONTEXT


An important part of learning from nature is understanding your ecological context—that is, the environment you live in. Your ecological context encompasses your climate, your soil, your watershed, and your surrounding human settlement pattern. Learning some earth science will help you better understand your context and make appropriate design choices.
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