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Praise for The Ecological Farm


“For 40 years, Helen Atthowe has followed a relentless calling to combine her deep understanding of ecological systems with her love of farming. Now, she shares the best of her insights and methods in The Ecological Farm. This classic volume will guide all of us as we learn to farm in harmony with an ecosystem and to become obedient to the whole rather than being distracted by the urge to tinker with the parts.”

—Wes Jackson, cofounder and president emeritus, The Land Institute

“Helen Atthowe’s book takes ecological farming to the next level. It is packed with useful, field-tested, innovative techniques for farming more gently without sacrificing productivity. Atthowe effectively makes the case that, with a nature-based and minimalist approach, farmers can achieve more by doing—and spending—less. This is the future of farming. I highly recommend this book.”

—Ben Hartman, author of The Lean Farm and The Lean Farm Guide to Growing Vegetables

“Helen Atthowe has a rare gift: She knows how to listen to scientists, but she speaks ‘farmer.’ Her knowledge comes from observation and practice as if decades matter, not just seasons. Helen applies her intuitive ideas to complex whole-systems organic agriculture, with a special focus on growing the fertility of the soil. Most importantly Helen engages in her work with a sense of joy and celebration. She’s a born teacher who retains her sense of wonder that there is so much more to learn. Oh, and I think Helen must never sleep. The depth of the material she presents in The Ecological Farm and the citations she offers in support of her work is beyond my own comprehension!”

—Bob Scowcroft, cofounder, Organic Farming Research Foundation; board member, Nell Newman Foundation

“In The Ecological Farm, Helen Atthowe shares the practical knowledge she acquired over many years through experimentation on her own low-input, high-output ecological farm. Her book makes an exceptional and timely contribution to addressing interconnected global crises for which hands-on solutions are badly needed. Helen’s work will also be invaluable to smallholder producers who wish to transition to ecologically based, sustainable, and profitable organic production systems, also known as organic Conservation Agriculture.”

—Dr. Amir Kassam, visiting professor, School of Agriculture Policy and Development, University of Reading, UK; former senior technical officer, United Nations Food and Agriculture Organization; editor, Advances in Conservation Agriculture, volumes 1–3

“The story of Helen Atthowe’s farming journey has stuck with me for many years, and now being able to hold it, savor it, and dive into the many nerdy details is an absolute gift. The combination of decades of experience and loads of data make her book incomparable: It is well researched, well written, and endlessly idea provoking. There are a thousand ‘aha!’ moments, with each section offering a new applicable insight or concept for improving or understanding soil health. The Ecological Farm will teach you how to rebuild soil, minimize tillage, grow your own garden fertility, improve ecology, and much more. Quite frankly, Helen’s book belongs on the shelf of every serious grower.”

—Jesse Frost, author of The Living Soil Handbook

“Helen Atthowe employs her high skill set and shares the full depth and length of her experience in The Ecological Farm. The ecology she describes is beautiful to look at and a powerful tool for maintaining balance on the farm or in a garden. Helen guides readers through many methods, backed up by decades of results.”

—Charles Dowding, author of Charles Dowding’s No Dig Gardening

“Helen Atthowe is a rare, knowledgeable grower of both vegetable and fruit crops, one who also knows insects, plant diseases, and soil science. She is one of those people who never stop searching for better, Earth-friendly ways of growing food. In The Ecological Farm, Helen takes us on her journey into deep organics. Read this book, then keep it on your essential reference shelf next to Eliot Coleman, Michael Phillips, JM Fortier, Ruth Stout, and Louis Bromfield. Refer to it often. Use it to launch your own deep ecology journey.”

—Brian Caldwell, organic farmer; National Organic Standards Board member; former field manager and researcher, Cornell Organic Cropping Systems Project

“The Ecological Farm beautifully articulates the principles of holistic growing. Drawing on her wealth of practical experience, research, and years of observation, Helen Atthowe has distilled the infinite biological complexity of a farming system into some relatively simple principles. There’s plenty of soil and plant science in there for us geeks but also a wealth of technical detail and cultivation tips for soil health and individual crops. This book is essential reading for anyone starting a new growing enterprise, but even the most experienced farmers and gardeners will find something new.”

—Ben Raskin, head of horticulture and agroforestry, The Soil Association; author of The Woodchip Handbook and Zero-Waste Gardening

“I think about my farm’s fertility program nearly every day, and the tenets that Helen Atthowe lays out in The Ecological Farm are spot on. We can grow our own nitrogen and build the carbon resources of our soil without resorting to energy-intensive and expensive off-farm inputs. Farm ecosystems should be net producers of energy and nutrients, and Helen spells out pragmatic ways that a farm can simultaneously sponsor its own fertility, be productive, and build ecosystem health.”

—Steve Ela, owner, Ela Family Farms; former chair, National Organic Standards Board

“For farmers and gardeners wanting to go beyond the basic standards of certified organic farming and the superficial platitudes of ‘sustainable methods,’ Helen Atthowe’s book is a breath of fresh air. Over decades of experimenting with crop systems, she and her late husband Carl Rosato have pioneered new ways of thinking about crops, weeds, pests, and soils that challenge many of our assumptions regarding carbon/nitrogen ratios and the use of compost, animal manures, and imported soil amendments in general.

“I have grown skeptical of academic experts with their analytical, reductionist approach to food and soil issues. Atthowe has an advanced degree and has worked as an extension agent, but despite that, she has an impressively holistic view of things organic. While not strictly no-till, she has devised strategies to greatly minimize disturbance of the soil community and encourage helpful pollinators and predators. She has lots of answers, yet I’m reassured that she frequently comments: ‘I’m still working on that.’”

—Will Bonsall, author, Will Bonsall’s Essential Guide to Radical, Self-Reliant Gardening

“The Ecological Farm offers much for beginning and experienced farmers as well as gardeners. Helen eloquently summarizes her deep ecological farming experience and knowledge as well as insights gained from her partnership with Carl Rosato, providing practical examples of how farmers can work with nature to support diverse ecologies both below and above ground. She explains the evolution of her understanding of the relationships among plants, microbes, the soil, and insects, and how to manage them ecologically in an agricultural system. It’s both a great read and excellent reference book!”

—Rex Dufour, senior fellow, National Center for Appropriate Technology

“Drawing on decades of experience as a farmer and researcher, Helen Atthowe has developed an agroecological approach to growing organic food that is science-based, practical, and adaptable to site-specific conditions. Moving beyond input substitution, she offers a roadmap to minimum-input, soil- and Earth-friendly organic production that gardeners, homesteaders, and USDA-certified organic farmers can easily implement and adapt to their locale. This volume belongs on the bookshelf of all who seek to make a living in mutualistic partnership with the land.”

—Mark Schonbeck, research associate, Organic Farming Research Foundation

“With the concepts she lays out in The Ecological Farm, Helen Atthowe gifts us with a practical and scalable approach to cultivation that produces nutrient-dense food with an absolute minimum of external inputs. Full of stories and wisdom gathered from 40 years of hands-on growing, this book is a rare synthesis of careful scientific research, long-term observation, and deep intuition developed through decades of listening to the land.”

—Alan Booker, executive director, Institute of Integrated Regenerative Design

“In The Ecological Farm, Helen Atthowe shares decades of hard-learned lessons and keen observations. She is an inveterate tinkerer, experimenter, and researcher and has refined her organic production through the years. Atthowe has an immense respect for the role of biodiversity in the soil system. A fungi advocate, she guides the reader to reduce soil disturbance and feed the soil carbon. She writes as both a teacher and learner—as she tells readers, ‘I am still learning.’ Luckily she has taken a break from learning to share her accumulated knowledge and tips. While ‘more is better’ is often the strategy in our agriculture, Atthowe provides evidence and inspiration for selective and judicious management strategies to enhance your ecological farm.”

—Dr. Douglas Collins, extension specialist and soil scientist, Washington State University

“This inspiring book from Helen Atthowe demystifies some of nature’s critical interactions, helping farmers and others work with and support our natural world.”

—Jo Ann Baumgartner, executive director, Wild Farm Alliance
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For Carl Rosato, my farming partner, save-the-world collaborator, soil revolution accomplice, greatest love, and inspiration. Carl did not live to see the completion of this book, but without him it could not have come to fruition.

Thanks to my parents, Jean and John Atthowe, who started me gardening before I was old enough to object and were proud of all the strange farming adventures I took. Thanks to Joni Peterson who helped me on my farm in Montana for 17 years, supported my crazy ideas and experiments, and continues to be my best friend.
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Foreword


Nearly 40 years ago, a new agrarian movement arose in the United States out of concerns about impacts from the effective but harmful chemicals that were the tools of modern mainstream agriculture. Sixty years of conventional food production had created profound problems: contaminated groundwater, persistent pollution, pesticide-resistant insects and plant diseases, soil erosion, and declining soil fertility. There was a hollowing out of rural America as well. Farm failures and the deconstruction of rural communities were driven by a pattern of extraction from rural places.

Organic farming found its beginnings as a collaboration between new farmers and consumers. They shared a vision for a safe food system built upon whole-system thinking: a new agricultural paradigm that was environmentally sound, economically fair, and socially just.

In the beginning, the land-grant colleges and agricultural universities scoffed at the idea of organic or ecologically sound farming. The body of information supporting this new agrarian movement was unformed. Farmers had to struggle to develop systems to grow healthy crops.

Some organic farms simply adapted the paradigm of conventional farming that calls for relying on a specific product to solve a particular problem. These farmers strove to replace toxic pesticides with naturally occurring and safer alternatives. This approach is more mindful of the whole than conventional farming, but the evolution in thinking in organic agriculture continues as science now offers us insights into the complexities of the interdependent ecological functions within a landscape.

Even 40 years ago, it was clear to many new organic farmers that in order to create a new paradigm, they needed to forge a new pattern of farming. Rather than analyzing crop production as components—weed science, soil science, plant science, insect control, or even rural sociology—the new organic model would focus on the health of all parts and valuing the relationships among living organisms above, below, on, and around a farm. This new thinking centered on building soil health, growing fertility on-farm with cover crops, and working with livestock and utilizing manures for soil fertility. Healthy, vibrant soil would create healthy plants that are resistant to disease and insect attack and would in turn create more nutritious food. That food would drive consumer confidence and help to grow what is now a thriving organic marketplace.

In the late 1970s and early ’80s, the empowerment of a new rural people sought to stem the tide of farm failures and reverse the trend of farming as an occupation with no future. Those years marked a time of enthusiastic hopefulness, empowerment, and self-reliance. Full Belly Farm began in Northern California during that period. It was also the time when Helen Atthowe and her late husband, Carl Rosato, began their respective farms.

I knew Carl as a friend and a mentor. He was committed to enhancing the farm ecosystem as a productive whole. He simply intuited the steps and processes for growing peaches by balancing complex ecology around his fruit trees, and great peaches were the reward for tending a farm that grew more vibrant and productive over time. His key was soil health driven by a diverse plant community above ground feeding a diverse soil microbial community below ground. His system of balancing minerals and enhancing soil ecology was validated by a loyal farmers market following of patrons who could taste the complex, sweet quality of his fruit. He enthusiastically shared his techniques and insights as a teacher and tireless promoter of organic farming. His passing was a tragic loss.

Helen and Carl were cut from the same cloth. Helen’s decades of farming and farm advising had started from much the same point as Carl’s, and they both developed insights into farm management for capturing optimal total energy. The new Woodleaf Farm that Carl and Helen built together in Oregon manifests their application of learned principles and design for a larger pattern of production and loving stewardship.

Helen also has a deep affection for the remarkable expressions of life that can be nurtured on a farm. For more than 40 years, she has been gathering evidence and planting the ideas you will read about in this fine book that represents cutting-edge farming knowledge. The Ecological Farm is a compendium of observation, experimentation, design, acquired knowledge, and experiential realizations. Helen’s journey through her farm work, action on the ground, trial and error, and serendipity are a remarkable example of a farmer’s integration within a whole farm system. Helen offers us her collected insights and general principles for mindful stewardship and care, for doing the least harm, and for planning one’s work on a farm to enhance the whole.

Helen was an early adopter of organic principles, but her level of care in her approach to farming was not typical. Early on she had the insight and courage to think and act differently from what was commonly expected. She saw the subtle relationships between what she did on the land and how her crops changed in appearance, how they grew and fruited more fully and consistently, and how the soil absorbed water or breathed. She applied scientific processes to measure these changes. She took samples and calculated what her impact was on the land. She had a commitment to choosing a different pathway for achieving more with less, and then chronicled how that principle can be realized through her experiments.

Helen’s approach to farming has always been grounded in the goal of producing great-tasting, safe, and abundant food while reducing or eliminating off-farm inputs. She shows us that a deep, committed relationship to land arises not only from observation, measurement, and trials but also by breathing in morning dews or the very dust of the place, witnessing life that can be engendered through design, listening to the hum of bee activity or bird song, feeling the sponginess of good soil. Each year is an opportunity to get closer to feeling the rightness of one’s labor.

Caring, affection, and gratitude—sentiments at the heart of the organic movement—were manifest in Carl and Helen’s farm design. The love of farming goes beyond yield of marketable crops; it engages the heart and senses of the practitioner rooted into a place. Over time, the spiritual and physical connection deepens. Agricultural knowledge evolves as each crop year allows insight into the working relationships established on a farm. For a farmer whose heart and place grow intimate, each springtime is an opportunity to take learned principles, advice, and ruminations and ideas borne from experience into the field and orchestrate an effort that will in turn set the parameters for future crops. This is how our journey with Helen begins in The Ecological Farm as she defines the new farming revolution of our time: A focus on all parts of the farm as relationships built upon interdependent ecological systems. Readers learn alongside Helen as she leads us through the observations and measurements over her years as a farmer-scientist that resulted in her progressive realizations about the importance of a systems approach. Helen asserts that the whole is the whole—its own complexity is the near-miraculous integration of everything all at once as one.

The Ecological Farm is also a practical guide to growing nutrient-rich fruits and vegetables. Helen describes how to bring greater insect balance into a farm or garden, and which insects or birds thrive when practices are mindful of their well-being. She presents soil ecology as a function of diversity in design principle, careful choosing of tools and micronutrients to optimize health, and careful decision-making regarding tillage and interventions.

As Helen points out, the dynamic relationships found in healthy soil can provide most, if not all, of the fertility that a crop needs. The ecology of the billions of microorganisms that thrive in the rhizosphere of a plant or in a community of plants is driven by a seamless association as all parts sense, inform, feed, and support all other parts. But one of the profound insights that Helen presents, and that many new organic farms are realizing, is that building fertility is a multiyear process. This year’s harvest is in part determined by the inputs provided for crops during the growing season, but the yield is also built on a continuum of investment in ecological health. Feeding the soil is a long-term commitment, and so is increasing farm resilience and enhancing water capture. The results we see in our fields and crop beds now are, to a large extent, determined by the practices of past years.

Helen offers farmers and gardeners ten ecosystem management principles to holistically guide their practices and decisions for developing healthier soil by identifying the direct relationships among the soil, plants, insects, and microorganisms. It is a great leap forward to bring these principles together with background and evidence to support the power of interdependent systems. Growing one’s fertility, gaining greater water use efficiency, and utilizing the vitality of living organisms engendered on the farm through diversity are key lessons for greater resilience as all farms face challenges posed by a changing climate.

Helen welcomes us to understand her caring and affection built upon a lifetime of learning and observation as a vegetable and fruit grower and a scientist. Her first measurements are tactile. She puts her hands in soil, feeling its texture, moisture, or crumbly character; smelling that scent of fertility, the redolent funk of fungus and bacteria wildly coexisting with billions of other soil microbes; observing the infinite greens of diverse plants with their tangle of living roots; hearing the buzz, song, and hum of life above ground; and delighting in the art of managing this symphony. Her second tier of measurements is built on practice and the questions she pursues. As she observes the changes in soil once tilling is stopped, she takes us through the strategies she explored for optimizing what can be grown in place, from fertility to mulches to beneficial insects to cycling nutrients. She, like all farmers, participates in an annual calculation of when and how to act on the land. Her work yields a set of guidelines that have been tempered by experience and affirmed with science and careful measurement.

Here is one of the insights that Helen has contributed to an integrated view of farming: That a farm is not the sum of its individual parts but rather is an indivisible whole in a continuum of choices made over time. Most science chooses to take the parts and study the whole. There is a next step, wherein the whole is known by being the whole. This is the beauty realized in an ecological farming system. It is a reawakening to an indigenous mind where the spirit of the land resides in the very being of the farmer/dweller on the land—integrated, seamless—one organism. To farm is to be part of a continuum of care, the history of past hands on the land, the choices made as to what will be taken and what will be added back.

Farmers and gardeners are at a wonderful and exciting juncture as we are reintegrating our parts and making a more wildly dynamic whole. The Ecological Farm will serve as a fundamental guide and practical reference as we embrace a new agrarian pattern of creating whole mind, whole harvest, whole nutrient cycling—which in turn will support the ecological community regeneration that is at the heart of human community revitalization.

—Paul Muller

Full Belly Farm, Capay Valley, California
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Figure 0.1. Ecological decision making means taking into consideration the health and habitat of beneficial insects and pollinators, like this swallowtail butterfly pollinating peach blossoms.





INTRODUCTION

My Farming Revolution


When I began farming organically and studying horticulture in the early 1980s, I focused on the specific needs of individual crops. I researched and learned to manage each crop’s nutritional needs; light, temperature, water, and soil requirements; insect and disease pests; and special growth preferences. I studied the ecology, etiology, and phenology of individual crop diseases, insect pests, and weeds. I learned the best timing to control and kill insect, disease, and weed pests. It was a classic reductionist scientific approach that quantified a crop’s needs in isolation from its environment and all the ecological relationships affecting it.

Over the years, as I farmed and gardened in different states, climates, and soils, as well as at different scales of production, there was a slow, steady revolution in my thinking about how to grow crops. I began to conceptualize plants as parts of whole systems, and I puzzled to figure out ecological functions and interactions within plant communities. Rather than a targeted, direct stream of light focused on a single crop, my approach is now more like a diffuse glow that illuminates all the relationships and connections that make up a cropping ecosystem. My vision is to discover how to more closely mimic natural ecosystems and how to farm well by doing less rather than more.

In 2010 I met California fruit farmer Carl Rosato, who was evolving a similar farming perspective, methods, and strategies, based on 30 years of lessons from his certified organic orchard. Carl and I married, and through farming together we realized that our ecological approach revolved around managing relationships rather than simply managing crops for the highest yields.

In recent years, many researchers in both ecological and agricultural science are also studying ways to utilize plant, soil, microorganism, insect, bird, and other animal connections in order to farm with fewer chemical and off-farm inputs. This book is a review of that science and a culmination of Carl’s and my 40 years of farming and gardening lessons, successes, and mistakes. It focuses on soil building and habitat building for below- and aboveground beneficial organisms and on systems thinking for gardeners and farmers. The first goal is to identify and understand ecological functions within plant, soil, microorganism, and insect communities. I want to make complex, sometimes messy, ecological concepts and practices accessible to all of us who grow food. The second goal is to describe in detail how to manage the many connections that make up a healthy cropping ecosystem, one that does not require use of outside inputs, not even organically certified pesticides or fertilizers.


About This Book

The book is set up in two distinct parts. Part 1 focuses on why a systems approach matters and how to develop your own farm or garden system. I start with a look at the end goal—a developing or developed cropping ecosystem—and I describe the “recipe” Carl and I came up with for moving toward and eventually reaching this goal. The recipe consists of 10 principles for managing ecological relationships—principles that can be applied wherever you farm or garden.

In chapters 2 through 8, I build out the case for managing ecological relationships rather than just crops, using practical details from our farm operations and lessons learned from our on-farm research. In chapters 2 through 4, the focus is on the soil. Then in chapters 5 through 8, I move on to examine aboveground relationships, but ever mindful of all that is happening belowground.

I cover multiple methods for building a soil organic matter system to feed crops with minimal outside inputs, explain how to build habitat for beneficial organisms that naturally suppress pest insects and diseases, and discuss strategies to shift the competitive balance toward our crops, including a chapter on “plant competition” (yes, that includes weeds) and how it can benefit a farm ecosystem when properly managed. This systems approach to improve soil and habitat also improves crop health and nutrition through intricate interactions that I am still learning about. For example, tree fruit crops growing within my own farm’s no-till soil organic matter system, and receiving no pest sprays, are higher in human-healthy antioxidants. It turns out that these same antioxidants may also help the fruit trees suppress diseases, such as peach brown rot. In fact, new research suggests that the kinds of soil fertility systems I present in this book—which depend on the soil microbial community to cycle and recycle nutrients instead of on inputs of quick-release fertilizer—produce crops with higher antioxidant content. For example, both mycorrhizal fungi associated with plant roots and plant-growth-promoting bacteria (which I introduce in chapter 2) increased the antioxidant anthocyanin in strawberry fruits.1 Blackberry roots associated with another beneficial bacterium showed increased flavonoid antioxidants in fruits; simultaneously, blackberry fungal disease decreased.2 This same beneficial bacterium also increased antioxidant content in vegetable crops.3 Hence the beauty of the minimalist systems approach is that plants grown this way, with fewer chemical and fertilizer inputs, have strong immune systems and also contain more of the minerals, vitamins, and antioxidants that humans need to resist stress and disease and stay optimally healthy.

The ecological and human health benefits of this systems approach are significant also because suppressing rather than killing pest insects and disease organisms allows native pollinators and natural enemies of crop pests to flourish. Simultaneously, a systems approach decreases human and soil microorganism exposure to toxic pesticidal chemicals. And keep in mind that even some pest control materials approved for use on certified organic farms, such as copper and lime sulfur, are caustic and can harm humans and beneficial organisms. Reducing their use is a big part of the goal in an ecological approach to farming. As farmers and gardeners, we also benefit from working amid beautiful surroundings and from the joy of blending our farms and gardens into the inclusive, connected natural world around us.

Part 2 of the book moves from the ecosystem perspective to individual crop details, including “interventions” for specific crops if the cropping ecosystem gets out of balance and troubleshooting is needed to manage problems such as insects, diseases, weeds, or poor soil fertility and crop growth. You’ll discover, though, that I don’t start by prescribing solutions for individual “problems.” And I don’t use the phrase control pests because, in my framework, it almost always takes an ecosystem approach to truly solve problems! The goal is not simply to kill or control a specific pest. Instead I present options for suppressing organisms that thwart crop growth and for enhancing optimal crop growth and natural soil nutrient cycling, so that our crops’ own defensive systems allow them to thrive within a larger ecological system.
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Figure 0.2. With an ecological systems approach, a farm or garden is a beautiful, diverse, integrated planting that can yield some of the most nutritious food you’ve ever eaten.


Information in part 2 is organized by individual crops, insects, and diseases, but you’ll find that the intervention recommendations for specific pests and problems are ranked from minimal ecological impact to heaviest ecological impact. Thus I first list methods such as identifying effective biological suppression and beneficial organisms for a specific pest, creating habitat to encourage these organisms, and cultural options, including when and when not to disturb habitat or irrigate. In the sections describing heaviest-impact interventions, I do make recommendations for use of pest management materials and methods that are deemed acceptable for use on certified organic farms. But they should be used only as the last resort, and I explain the ecological impacts of these methods and materials, using examples both from my practical experience and from research data.

_________

When you are feeling troubled, fearful, or uncertain, there is a certainty in tending plants and growing your own food. Nurturing the healthy goodness in a field of multicolored kale and lettuces or coaxing so much sweetness from a special peach tree: It all makes me feel I belong, safely, wherever I am. The process of creating farms and gardens opens my eyes to awe, tunes my ears to listening, and offers the gifts of curiosity, discovery, and deep connection. Being part of this farming revolution, I reap my own personal revolution for free: Healthy farming, in which nature is invited to participate, grows healthy food that in turn grows healthy humans, resistant to disease and stress. These reconnected healthy farms and gardens are, in turn, resilient and resistant to plant disease and stress.







— PART ONE —
Farming at the Intersections of Ecological Relationships



I am about to introduce you to a different way of thinking about farm and garden success and sustainability, a way of thinking based on ecological functions and principles. By ecological functions I mean the roles or services that species (such as plants or insects or microorganisms) perform in the ecosystems in which they live. My view arises from the understanding that all organisms in an ecosystem are connected and interact within a complex web of overlapping relationships.
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Figure 1.1. These bins of onions, shallots, and winter squash show that high yields are possible even with Woodleaf’s low-input systems. Clover living mulch has grown into this onion row from the row middles, but the onions we are harvesting are large and pest-free.






CHAPTER 1
Principles for Managing Ecological Relationships



The revolution in the way I have come to think about farming starts in the earth just below our feet, at the intersection where plant roots, the microbes that cling to those roots, and the soil itself mingle and evolve together. It spreads out to minerals, biochemicals, complex sugars, and carbon forms that cycle from one soil particle to the next among a web of soil fungi, bacteria, protozoans, and nematodes. It moves on to earthworms, mites, beetles, and other small animals who bring nutrients from deep in the soil up to the soil surface. From there, the millions of connections spread everywhere and include everything that affects plant growth. My farming-systems thinking encompasses the microorganisms in the soil and on leaf surfaces that cause and inhibit plant disease. The insects that attack plants and the ones who eat plant-attacking insects. The weed seeds that can cause weed outbreaks but also feed beneficial insects and birds. There are myriad ecological relationships that enhance or thwart crops growing in our backyards and fields. Our human bodies are part of this revolution, too, when we ingest the highly nutritious food that results from the reconnecting of farming to ecological relationships.

[image: ]
Figure 1.2. In August the harvest at my farm provides a rainbow of deeply colored, antioxidant-filled, vitamin-rich fruit.



Systems Thinking for Farmers and Gardeners

Definitions are difficult when you are describing a moving target or, better yet, an ever-changing system of interactions. Farming and gardening systems are not static. Some farms appear to be static, continually producing uniform results, but that is only because they are artificially maintained through significant inputs of fertilizer, pesticides, and tillage.

I define a cropping ecosystem as an attempt to mimic natural plant communities and the ecological processes and synergies that keep the system functioning. It is a human-created system undergoing human-induced progressive change. Because nature does not stand still, design is only the first stage of a cropping ecosystem. After the initial design, our systems thinking and the managing of relationships really begin. All biological systems change, moving regularly back and forth through at least three stages: the developmental stage, dynamic equilibrium, and senescence.


DEVELOPMENTAL STAGE

The developmental stage is a stage of rapid changes. Farmers and gardeners disturb the original plant system present and help to direct succession, which is progressive change in an ecological community. The focus during this stage is to build soil and habitat. As the developing system establishes and ecological relationships form, growers will likely need to use specific organic fertilizers and intervene to suppress pests with inputs such as row cover to keep flea beetles off susceptible arugula or radishes, or as a last resort an insecticidal spray such as insecticidal soap or neem if an insect pest is causing economic damage. Initial land preparation and tillage also disturb the soil ecosystem, and soil microbe density and diversity and populations of natural biological control organisms (such as carabid beetles, spiders, and beneficial fungi). Diverse populations of soil microbes and biological control organisms eventually rebuild during this stage. It takes patience to allow ecological relationships to build and form.

[image: ]
Figure 1.3. First harvest from this 5-year-old peach tree at my farm in 2020. The trees and the living mulch ground cover, microorganisms, insects, birds, and wildlife are forming and re-forming relationships as this orchard enters a dynamic equilibrium stage.




DYNAMIC EQUILIBRIUM

The cropping ecosystem reaches a dynamic but relatively steady state. The level of change is less drastic, and most of the changes are seasonal and slow, occurring over a longer period of time. Gardeners and farmers find they can generally intervene less often, using fewer but more targeted fertilizing, weeding, and insect/disease inputs that affect many parts of the system at once. Soil fertility management begins to more closely mimic nutrient cycling and recycling in a natural plant community, where decomposing plant residues are tightly coupled with soil microorganism release of plant nutrients into the soil near crop plant roots. Soil building and habitat building become closely coupled. A multifunction method such as maintaining crimson clover strips between or near crop plants (providing bloom for beneficial insects and soil nutrients/carbon when mowed) may serve to promote both of these processes.



SENESCENCE

During senescence, the cropping ecosystem is aging out of the dynamic steady state and requires more farmer or gardener input. Senescence stages flow naturally back into developmental stages. Senescence happens, just like you-know-what happens. It is not a bad thing! It is working with nature, which is changing and reestablishing new connections all the time.




10 Principles for Managing Ecological Relationships

Before I met and married Carl, he farmed in the Sierra foothills of California on his Woodleaf Farm and I farmed in western Montana on my Biodesign Farm. I sold Biodesign Farm and moved to California to help Carl manage Woodleaf Farm. We made enough money to sell that farm and semi-retire to a new farm in eastern Oregon, which we also named Woodleaf Farm. There we continued to experiment and develop our ecological methods. Heartbreakingly, Carl suffered a farm accident and died in 2019. But our years of farming alone and farming together in different climates had given us ample opportunity to evolve systems management methods—methods I am still evolving.

These principles came from paying attention to the land, watching closely, helping our farm systems change and develop over time, and learning from our mistakes. The first 3 of our 10 principles were inspired by the principles of soil health formulated by the Natural Resources Conservation Service (NRCS). The Food and Agriculture Organization of the United Nations also describes 3 interlinked principles called “Conservation Agriculture” that embody most of our 10 principles. There are many ways to garden and farm, and each garden or farm is the creative blending of the gardener or farmer and their creation!

Here are the 10 principles that Carl and I developed:

  1. Create above- and belowground diversity. Feed the soil microbial community with as much crop and ground cover, root and whole plant, above- and belowground diversity as is economically possible.

  2. Minimize soil disturbance. Disturb the soil as little as possible; create year-round undisturbed refuges for above- and belowground natural enemies (biological control organisms).

  3. Maintain growing roots year-round. Avoid bare soil; instead, maintain plants with living roots to keep the soil covered year-round and to feed the rhizosphere (the interface area around plant roots) a steady, balanced diet of carbon and nutrients.

  4. Grow your own carbon. Grow or obtain your carbon source where you are, rather than importing carbon from a distance.

  5. Add organic residues all season. Add organic residues regularly throughout the year, not all at once in the spring.

  6. Focus on carbon fertilizers. Prioritize slow-release, plant-based carbon fertilizers rather than fast-release nitrogen fertilizers. (Carbon fertilizers are plant residues that contain a relatively high ratio of carbon to nitrogen.)

  7. Recycle rather than import nutrients. When possible, recycle minerals from on-farm sources (such as cover crops, living mulches, and chipped branch wood) rather than importing mined mineral nutrients from somewhere else and applying as fertilizer.

  8. Fertilize selectively. Fertilize each crop selectively; avoid fertilizing the whole garden or field.

  9. Weed selectively. Choose a ground cover mix; then identify and “chop and drop” the plants or “weeds” that are competitive with specific crops in specific growing situations and climates.

10. Create habitat in the field. Preserve wild habitat or create and maintain undisturbed habitat for natural enemies interspersed with or as close to crops as possible.

As I developed these principles over time, I made my share of mistakes. My biggest mistakes have been doing too much, but also too little, during the developmental stages of my gardens and farms. Intervening too much or too little can delay or prevent a system from reaching dynamic equilibrium.



Table 1.1. Strategies for Applying Ecological Principles at Biodesign Farm and Woodleaf Farm (CA)



	
Ecological Principle


	
Biodesign Farm


	
Woodleaf Farm (CA)







	
  1. Create above- and belowground diversity.


	
Vegetable species and variety diversity.

Living mulch between crops consisting of shallow- and deep-rooted annual and perennial legumes and weeds.

Landscape-level diversity provided by perennial pastures, native plant hedgerow, and native grassland on crop field perimeter.


	
Fruit tree diversity: 10 species, 85 varieties.

Living mulch between trees consisting of shallow- and deep-rooted annual and perennial grasses, legumes, and weeds.

Landscape-level diversity provided by native oak/pine forest on crop field perimeter.





	
  2. Minimize soil disturbance.


	
Minimal tillage in crop row; no tillage in row middles.

Perennial living mulch to provide winter shelter and season-long undisturbed bloom for beneficials.


	
No tillage; minimal tillage when renovating orchard.

Perennial living mulch to provide winter shelter and undisturbed season-long bloom for beneficials.





	
  3. Maintain growing roots year-round.


	
Year-round annual and perennial legume and weed root diversity providing diverse root exudates.


	
Year-round perennial and annual grass, weed, and legume root diversity providing diverse root exudates.





	
  4. Grow your own carbon.


	
Living mulch mowed 4 or 5 times per year.


	
Perennial living mulch mowed 4 times per year.

Chipped branches from 2 tree prunings per year.





	
  5. Add organic residues all season.


	
Regular surface application of mowed legume living mulch throughout the growing season.

Spring application of on-farm-made straw, clover, and manure compost (early years) or alfalfa meal (later years) applied in crop rows only.


	
Regular surface application of plant residues throughout the growing season: mowed living mulch, raw and composted chipped branch wood.





	
  6. Focus on carbon fertilizers.


	
High-nitrogen compost (early years) plus mowed and annually incorporated lower-carbon living mulch.

In later years: alfalfa meal plus mowed perennial living mulch.


	
Diverse high-carbon/low-nitrogen organic soil amendments: mowed perennial grass living mulch; chipped branches; off-farm high-carbon chipped wood yard-waste compost.





	
  7. Recycle rather than import nutrients.


	
Mowed perennial living mulch.

Annual compost or alfalfa meal addition.

No other minerals applied to soil or foliage.


	
Mowed perennial living mulch.

Boron, manganese, sulfur, and gypsum applied to soil and as a Mineral Mix Bloom Spray at tree fruit bloom.





	
  8. Fertilize selectively.


	
Compost or alfalfa meal applied to crop rows only, plus mowed perennial living mulch.


	
Depending on soil test results, individual minerals applied around each tree (soil mineral balancing).

Annual application of Mineral Mix Bloom Spray.





	
  9. Weed selectively.


	
Mowed living mulch selectively based on maximizing airflow and reducing disease infection during rainy, wet periods; reducing vole habitat; and cycling nutrients.

Selective wheel-hoeing and hand-weeding of weed-sensitive vegetable crops.


	
Selective mowing based on avoiding beneficial insect disruption in spring; maximizing airflow and reducing disease infection during rainy, wet periods; cycling nutrients; and facilitating harvest in summer/fall.





	
10. Create habitat in the field.


	
Perennial living mulch to provide diversity, season-long food source of pollen/nectar/seed, and winter cover.

Selective mowing of perennial living mulch to avoid disturbance of beneficials at key pest pressure times.


	
Small crop fields bordered on 3 sides by native forest.

Perennial living mulch for diversity, season-long food source of pollen/nectar/seed, and winter cover.

Selective mowing of perennial living mulch to avoid disturbance of beneficials.








The rest of part 1 of this book is a deep dive into these principles. Throughout I use examples from Carl’s and my farming experience and the on-farm research we conducted over the years. To help you get oriented, here is a brief overview of the three farms I refer to in the book and some of the key methods used on each one.


BIODESIGN FARM, MONTANA

Biodesign Farm is about 30 acres (12 ha) of land that I owned and managed as a certified organic mixed vegetable crop farm from 1993 to 2010. It is located in western Montana, USDA zone 5b, with rocky, sandy loam soils, rated by the USDA Natural Resources Conservation Service as “poor” for agricultural use. This part of Montana is semiarid, receiving approximately 13 to 16 inches (33–41 cm) of annual precipitation. Spring (May and June) is the wettest time of the year. It has a short growing season, with a frost-free period of only 100 to 115 days. Summer temperatures can reach the high 90s F (35°C or hotter), winter lows are regularly below zero (−18°C or colder), and the ground reliably freezes each winter.

On that farm, I developed an annual (and later a perennial) living mulch system between crop rows to manage weeds, build soil organic matter, cycle nutrients, and create habitat for natural enemies. I planted legumes (mostly clovers) and mowed them regularly, maintaining an undisturbed yearlong cover crop during the growing season and winter. In the spring I tilled the whole field, including the row middles, which became planting beds for the next growing season. Each spring, I seeded a new legume living mulch or cover crop between the new crop rows. I made compost on the farm, which I added to the entire field and incorporated every spring. Over time, I observed huge increases in soil nutrient levels, soil organic matter, and abundance and diversity of natural enemies (especially predator and parasite insects), as well as improved insect pest suppression. Over time, my practices evolved toward less tillage and leaving more and more habitat undisturbed, using less compost, and selective mowing techniques. By the time I sold Biodesign Farm and moved to Carl’s farm in California, I felt I had reached an in-depth understanding of the system components of my farm, but my understanding of managing relationships was still evolving.

In 2005, I began to experiment with further minimizing soil disturbance, by implementing strip tillage only in crop rows and planting a perennial legume living mulch in row middles. The perennial legume living mulch provided permanent growing roots in the soil, nutrient cycling, and winter soil protection. I tilled the 4-foot-wide (1.2 m) crop rows only, leaving the row middles untilled and unfertilized. I discovered that I could reduce fertilizer use and stop applying all insecticidal sprays, even those allowable for use on organic farms. Overall, I intervened less and less and began to see what a farm ecosystem in dynamic equilibrium looks like. After I stopped spraying, I wanted to test the biological control within my system, so I set up natural pest suppression trials for cabbage worm predation and parasitism by natural enemies, which I describe in detail in chapter 6.
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Figure 1.4. In this scene of transplanting eggplant at Biodesign Farm in 2006, note the perennial red clover in between crop rows. This living mulch minimized soil disturbance and provided soil nutrients and winter cover as well as habitat for natural enemies.


I also investigated how living mulch or weed competition and various in-crop-row tillage and weed management strategies might affect both crop yield and long-term soil health. I cover the results of these trials in chapter 3. These experiment results helped me to discover compromises between good yields and keeping soil microorganisms and natural enemies happy. After I moved to Woodleaf Farm in California, this vegetable cropping system slowly evolved, and I further refined it to reduce tillage and inputs when we moved to our new farm in eastern Oregon.
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Figure 1.5. Harvesting peppers at Woodleaf Farm (OR) in 2020. Perennial grass, weed, and clover living mulch covers the soil between crop rows, and its roots feed the rhizosphere a steady, balanced diet of carbon and nutrients. The mowed mulch blown into the crop row serves as a slow-release carbon fertilizer, habitat for natural enemies, and weed suppression.




WOODLEAF FARM, CALIFORNIA

Woodleaf Farm is 26 acres (10.5 ha) in the Sierra foothills of California, just above the vast agricultural area of the Sacramento Valley. There are 8 acres (3.2 ha) in crops, split into seven fields nestled among 18 acres (7.3 ha) of native oak and pine forest. The farm lies in USDA zone 8b–9a, with heavy, clay loam, sloping soils, rated by the USDA Natural Resources Conservation Service a as “poor” for agricultural use. This part of California is Mediterranean (wet winters, dry summers). It is possible to grow crops almost year-round, with cool-season crops grown during the winter. Summer temperatures can reach above 100°F (38°C), winter lows rarely go below 20°F (−7°C), and the ground almost never freezes in the winter. Annual precipitation is 35 inches (89 cm). The farm has been certified organic since 1982, and Carl farmed it continuously until 2015 (I joined him there in 2010). For more than 30 years, Woodleaf used no-till, diverse living mulches to cycle nutrients and create habitat for natural enemies. We sold the farm to new owners in 2016, and they continue to use our ecological methods.
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Figure 1.6. Blooming peaches and cherries and unmowed perennial living mulch ground cover at Woodleaf Farm (CA) provide undisturbed refuges for above- and belowground natural enemies. Selective mowing of the living mulch during the growing season cycles and recycles nutrients within the agroecosystem.


The soil fertility system involved a diversity of high-carbon, low-nitrogen plant-based fertilizers, which I describe in chapter 12. This system simultaneously provides both increased soil organic matter and habitat for soil microorganisms and year-round cover and season-long flower pollen and nectar for beneficial insects (details are in chapter 5).

The farm’s long-term records document the ecosystems approach success: Loss of fruit yield and quality due to insect damage decreased over 30 years along with certified organic insecticide use, which was eliminated altogether in 2013. Weekly field monitoring recorded high, season-long diversity and abundance among ground-dwelling predators and nectar-requiring predators/parasites. Even though we applied no pest management materials, in some years we saw less than 10 percent total average annual fruit damage to most crops. Over time, average soil organic matter increased from 2.2 to 5.1 percent. Our soil fertility system resulted in 10 to 20 inches (25–51 cm) of annual tree growth and good yields of high-quality, mineral-filled, flavorful fruit.
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Figure 1.7. Woodleaf peaches for sale at a farmers market in the Bay Area of California. The farm had a reputation of consistently providing very tasty fruit.




THE NEW WOODLEAF FARM, OREGON

In 2016 Carl and I moved to a hay-producing ranch in eastern Oregon. Our plan was to put in an orchard and begin producing vegetables, dry beans, and grains while further reducing tillage and minimizing off-farm fertilizer/pest management inputs and weeding labor. This farm is located at the base of the Wallowa Mountains in a narrow canyon along a creek. The area is USDA zone 6a–6b, with deep river bottom, sandy loam soils. The soils are rated by the USDA Natural Resources Conservation Service as having “some limitations for agricultural use,” but they are better than the soils we began with on our farms in Montana and California. This part of Oregon is semiarid, receiving approximately 15 to 18 inches (38–46 cm) of annual precipitation, and spring is the wettest time of the year. It has a relatively short growing season, with an average of 126 frost-free days. Summer temperatures can reach close to 110°F (43°C). Winter lows are usually, but not always, below zero (−18°C and colder), and the ground reliably freezes each winter. Carl and I were starting with deeper, better soil than ever before, but soil tests showed low fertility, which was due to continuous haying.
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Figure 1.8. A big crop of apricots at the new Oregon orchard growing using no pest sprays and no off-farm fertilizer.


Right from the start we began to experiment with no-till, plant-based soil fertility systems using materials grown on-farm, and also with reduction of off-farm material inputs and labor. How far could we push our minimalist natural farming theories? we wondered.

I continue to manage this farm on my own, using perennial, no-till living mulches in between crop rows and no-till methods in the orchard. In the vegetable crops, it’s a minimal-tillage approach, strip-tilling the soil in the spring in the crop rows only. I use “grow-my-own-fertilizer” hay mulch consisting of mowed grass, legume, weed living mulch blown into rows from row middles and sometimes a mulch of hay cut from other fields and applied to crop rows. I explain the details of this system in chapter 4.



MANAGING RELATIONSHIPS IN PRACTICE

Ecological relationship management, including pest suppression rather than pest control, takes far fewer material inputs, saving both labor and money, but it requires more brain power and figuring things out. It requires lots of looking and listening. We first prioritize the importance of various ecological functions within the system at the moment and then determine how and when to intervene. Those functions relate to soil fertility, plant competition, and management of pest insects, diseases, and animals. For example, our “selective mowing” farming strategy sounds simple, but it shows the complexity involved in managing relationships, including relationships among mowing for nutrient cycling, ease of operations, raptor hunting behavior, rodent populations, and crop-damaging frosts. There are other relationships between beneficial insect habitat and higher-carbon versus higher- nitrogen nutrient cycling/recycling. Our management approach is to prioritize among all of these interconnected and sometimes-competing relationships based on weather conditions and biological and economic goals. I am still learning the best timing for specific management strategies and how to prioritize which relationship to manage when.
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Figure 1.9. Cranberry dry beans in July at the new Woodleaf Farm (OR), growing in a strip-tilled row between no-till living mulch row middles. Mowed living mulch blown into the crop row provides fertilizer and habitat and suppresses weeds.


Mowing the living mulch in the summer cycles organic residues that are relatively high in carbon content. These surface-applied residues slowly cycle/recycle nutrients back into the soil to feed soil microorganisms. But in the spring and early summer, I leave at least 30 percent of the living mulch unmowed to maintain undisturbed cover for ground-dwelling predators (spiders and beetles) as well as pollen- and nectar-providing flowers for pest-attacking parasitic wasps and syrphid flies. I want as much habitat as possible interspersed within the crops so that beneficial insects and birds can live where they work, rather than having to commute into the crop fields from a distance. Whenever possible, for crops with challenging pests (like apples), I try to leave 50 percent of the living mulch unmowed to enhance beneficial insect habitat during times when specific pests are hatching into predator- and parasite-vulnerable larvae or are in an underground stage of their development and vulnerable to spider and carabid beetle predation. During cold springs, however, I sometimes mow some of the succulent higher-nitrogen living mulch in order to promote better airflow and frost protection as well as for more rapid nutrient cycling, even though it disturbs beneficial insect habitat at a time when orchard pest insects are most damaging. And when fewer insect pests are present in late summer, I mow the orchard ground cover shorter for ease of harvest and to enhance nutrient cycling. Then raptors and owls can also better hunt for voles. In each chapter in part 1, I focus on specific ecological interactions like these within gardens and farms and how to manage them with ecological and systems thinking.
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Figure 1.10. Orchard predators include this pygmy owl, which landed in a peach tree to consume a just-caught vole.
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Figure 1.11. This bee-like insect is a syrphid fly. It’s a welcome sight in an orchard because it provides pollination and its larvae feed on aphids, scale insects, leafhoppers, and small caterpillars like newly hatched codling moth larvae.









CHAPTER 2
The Soil Revolution



When I first started farming, I thought and acted like a nitrogen hoarder. To evaluate soil health, I conducted soil tests to see how much nitrogen my soil provided. Then I calculated how much nitrogen each specific crop needed for optimal growth, and I tried to add that amount to my soil by applying my farm-made compost (I measured the nitrogen content of the compost, too) and by growing cover crops. The form of nitrogen I measured at that time was nitrate-nitrogen, which is the common form that most researchers and farmers were (and still are) measuring. I didn’t think much about carbon back then, but during the dramatic, although prolonged, revolution in my farming methods, I rethought my whole approach to nitrogen—and to carbon, too. (Carbon is what makes up the bulk of plant tissues and gives soil microbes the energy to do their ecological jobs. Nitrogen is what makes up proteins in plants, animals, humans, and soil microbes. Both are vital, but traditionally farmers and gardeners have focused on nitrogen.)

My soil management revolution is a three-part evolution:


	First, I learned to view nitrogen less as a crop requirement and more as a sign of effective, balanced, and active soil microbial activity that leads to optimal organic residue decomposition and nutrient cycling. The amount of nitrogen (or other nutrients) needed for any particular crop is not as important as the abundance and diversity of soil microbes within my soil.

	Second, soil organic matter and nutrient cycling potential are more than just discrete soil health measurements; they are a part of a complex connection of ecological relationships, the soil organic matter system.

	Third, soil carbon is more complex than I thought. Soil microbes are a vital component of the soil organic matter system, and soil microbes need lots of carbon for their fuel. Nowadays when I test my soil, I measure microbial biomass and microbially active carbon, rather than just the percent organic matter that I (and most organic farmers and gardeners) have been measuring for the past 50 years.



In this chapter I tell the story of how I came to understand that a soil organic matter system is the foundation of low-input ecological farming and gardening. It’s a revolution that includes changing the ways we measure soil health, build the levels of carbon in our soils, optimize organic matter decomposition, and encourage nutrient cycling.


Understanding Nitrogen

Let’s take a minute to review the forms of nitrogen that can be present in soil. Nitrogen is available in the environment in many chemical forms. Atmospheric nitrogen (N2) is a gas, of course, and as mentioned below, nitrogen can also take the form of gaseous ammonia (NH3). In the soil, however, nitrogen generally exists mainly in three forms: ammonium (NH4+) ions, nitrate (NO3−) ions, and organic nitrogen compounds.

The bulk of the nitrogen that crops use is inorganic ammonium and nitrate. Most soil tests measure nitrate-nitrogen because it is the form most readily and easily taken up by crops (at least in the way farmers have traditionally grown and fertilized them).

By contrast, the majority of potentially available nitrogen in the soil is in organic forms: plant or animal residues, soil organic matter, growing roots and root exudates, and especially the bodies of soil microbes. This includes all the forms of nitrogen available in the soil organic matter system, from simple amino acids and proteins to complex macromolecules. It is generally not directly available to plants, but a small amount of organic nitrogen may exist in the soil as soluble organic compounds (such as amino acids, proteins, and urea) that can be taken up by plants directly, especially when the amount of easily available inorganic nitrogen forms are low. Also, soil microorganisms convert organic nitrogen to the inorganic forms.




The Reformation of a Nitrogen Hoarder

I like to begin any discussion of soil solutions with a practical story of what happens over time when a farmer (me) acts like a nitrogen hoarder who monitors soil health solely by measuring soil nutrient levels, rather than managing the soil organic matter system. This story reveals, among other things, the problems that can result from adding too much compost. My practical story includes a lot of nerdy details and revelations from on-farm research. Experienced farmers and hands-on learners, these on-farm research details are for you! If you are a beginning gardener or farmer, you may want to skip ahead to the next section, “Exploring New Methods,” on page 21. Or if you do read this section, don’t worry too much about trying to understand every detail or studying every figure.
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Figure 2.l. White clover living mulch growing between rows of trellised cucumbers. The nitrogen-fixing clover was part of my strategy to build soil nitrogen, and it also provided season-long ground cover and bloom at Biodesign and Woodleaf (CA) farms.


When I started farming in Montana, where springtime is notoriously cold, my main concern was how to rapidly get enough nitrogen and phosphorus into my crops to ensure good yields and early maturity. Cold soils slow the activity of soil microbes that decompose organic residues leading to release of nitrogen and phosphorus. Slow nutrient release usually means slow early crop growth. I wanted to have the first tomatoes and sweet red peppers for sale at my local farmers markets. And, you see, when I was in graduate school studying horticulture and plant physiology, my professors told me that fertility systems that relied only on organic residues could never provide nitrogen rapidly enough to produce good commercial yields. Because of their warnings, I designed a fertility system with lots of high-nitrogen organic residue inputs, including compost made using animal manures.

Over time, my zeal to prove my professors wrong did indeed raise the nitrogen levels in my soil. In fact, my primary challenge became how to manage having too much nitrogen, phosphorus, and potassium in my farm system! This led me to explore how to move toward using soil amendments that were higher in carbon and lower in nitrogen. I gradually became the “anti-compost” and a systems thinker who grows her own fertilizer right on her farm and creates a fertility system that multi-tasks as a habitat-building system. Other researchers, and a few farmers, were also talking about feeding and relying on the soil microbial community to cycle nutrients and about using high-carbon cover crops rather than applying a lot of high-nutrient compost. However, even today it is common for organic farmers—especially those working to develop no-till methods—to apply a lot of compost rather than to incorporate high-carbon fertilizers like cover crops, living mulches, or hay mulches.

In the early years at Biodesign, I planted a clover living mulch that I incorporated into the soil each spring, along with compost made on the farm from sheep manure and clover clippings. I wasn’t shy about the compost: I applied 7 to 10 tons per acre (18–25 tons/ha). I also mowed the clover living mulch in the row middles between crop rows throughout the growing season. I left the mowed material in place, and thus it was subject to nitrogen loss—some of the nitrogen in the clover could volatilize and escape into the atmosphere in the form of ammonia gas. Because of this, I decided not to include the nitrogen content of the mowed clover in my fertilizer and soil nutrient level calculations. All my soil science colleagues agreed, and my coursework confirmed, that surface-applied organic residues lose a lot of nitrogen to the atmosphere and hence do not add much nitrogen to the soil. However, after several years of this management regimen, actual soil tests indicated that despite my careful calculations, the nitrogen, phosphorus, and potassium levels in my soil were becoming too high.

The rise in nitrogen levels was rapid and excessive when I added high levels of compost in the early years. Soil nitrogen decreased as compost additions also decreased. I was able to see this even more dramatically because I compared soil nitrogen levels in two fields that I managed in different ways, one with high levels of manure-based compost, and the other primarily by mowing and surface-applying clover living mulch between strip-tilled crop rows. I called the two fields the Old Field and the New Field, and figure 2.2 shows the differences in nitrogen levels between the two fields over time.

I applied the high levels of manure-based compost from 1993 to 1996 in the Old Field. Notice that these higher applications resulted in a nitrate-nitrogen peak in 1996 (the orange line in figure 2.2). The soil nitrate-nitrogen levels in the field were ridiculously high (over 100 ppm). From 1997 to 2002 I reduced and then eliminated (2002) the compost applications. As I reduced the quantity of compost applied, soil nutrients decreased to acceptable levels.

The purple line in the figure represents the New Field, where the main source of fertilizer was mowed perennial clover living mulch in the row middles and blown into crop rows and strip-tilled clover and weeds in the crop row. Nitrate-nitrogen in the Old Field never reached the high levels of the New Field, though I still applied very low rates of manure compost there in 2006 and 2007. Like the nitrogen addict that I was, I applied compost even though soil tests indicated that nitrogen levels were perfectly sufficient and I did not need to add any more nitrogen at all (my nitrogen-hoarder mentality was still driving me then). After 2007 I found the courage to finally stop depending on my compost. Between 2008 and 2010 in the New Field, I applied no compost. I did apply alfalfa meal, but only in the crop rows. I also mowed perennial red clover living mulch and blew it into the crop rows as a surface-applied mulch that would supply some nitrogen to the soil system as well.

I had not believed that I could get great yields without relying on lots of nitrogen and applying compost, but this long-term data showed me I was wrong. I call the sharply rising, pyramid-shaped orange line representing nitrogen level excess and decline in my Old Field my learning curve. I learned that I did not need to apply as much nitrogen as I had assumed to achieve good crop yields and quality. I began to appreciate how much my surface-applied, mowed living mulch was contributing to nutrient cycling in my soil fertility system.
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Figure 2.2. Nitrate-nitrogen levels (PPM) in Old Field and New Field at Biodesign Farm from 1993 to 2010. Notice the sharp increase in nitrogen in the Old Field, followed by a decline (when compost application decreased and stopped), as well as the slow increase in the New Field (where mowed living mulch was the main fertilizer).


Even though I decreased my nitrogen fertilizer applications beginning in the 2000s, I was still a recovering nitrogen hoarder (and secretly proud of my high soil nutrient levels because my professors had told me that it was impossible to get high levels using only organic fertilizers). It was hard to let go of my “nitrogen fix.” I did not realize or yet understand the changes that occurred among the soil particles, roots, and soil microorganisms in the rhizosphere when I reduced tillage and maintained plants with growing roots in the soil year-round. Setting a goal of maintaining growing roots to support microbial communities changed all the rules I had been following about soil fertility! But despite my new intellectual understanding, it took years to get over my nitrogen addiction.



Exploring New Methods

All organic fertilizers feed soil microbes—we can think of these fertilizers as “microbial food.” Farmers and gardeners can choose between unprocessed microbial foods or processed microbial food. Unprocessed microbial foods include a tilled-in cover crop, full of a diversity of organic compounds, some of which are easy to break down, and others that aren’t. Processed fertilizers are organic materials that have already been partially broken down, such as soybean meal. Processed microbial food (like processed human food that removes fiber and/or other parts of a whole food) may not supply as complete a diet for as diverse a microbial community. This is important because the way we fertilize our plants affects the whole farm/garden agroecosystem, including the taste and nutrient balance of the food we grow. In fact, in one field study the quality of tomato fruits with respect to vitamin C and total antioxidants improved after both inoculation with root-associating beneficial bacteria and fungi and reduction of high-nitrogen fertilizers.1
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Figure 2.3. As I started using new methods at Biodesign Farm, it was exciting to see the quality of my vegetables improve. I started to see less blossom-end rot on tomatoes and less sunscald on sweet peppers.


Once I fully realized that my reduced-tillage and living mulch system (with year-round growing roots) was effectively feeding the soil microbial community and also recycling nutrients, I began trying new methods to match the supply of nutrients in my soils to the levels that the crops needed for optimal growth.


LINKING NUTRIENT SUPPLY TO NUTRIENT NEEDS

I began to investigate how to manage organic residues in a way that would provide enough nutrients for good and early yields and simultaneously link mineralization to soil organic matter decomposition. Mineralization is the microbial conversion and release into the soil of nutrients such as nitrogen and phosphorus from organic forms tied up in plant and animal residues into forms that plant roots can absorb. The challenge was: How to link the slow process of organic residue decomposition with nutrient release rapid enough for good yields? The answer I came up with evolved into what would become one of my most important ecological farming principles:


Maintain growing roots year-round. Avoid bare soil; instead, maintain plants with living roots to keep the soil covered year-round and to feed the rhizosphere a steady, balanced diet of carbon and nutrients.



With this revelation, my soil fertility management system evolved. I moved away from relying on incorporating compost and cover crops into the soil every spring. I tilled less and less and instead left regular additions of organic plant residues, such as mowed legume living mulch, on the ground surface to decompose. And the perennial living mulch supplied living roots in the field at all times. Another revelation was when I began to think about applying living mulch residues at a range of maturity stages (succulent, green, and young versus dried, browning, and old plant residues). The stage of maturity affects the amount of nitrogen in a material compared with the amount of carbon, which is expressed as the carbon-to-nitrogen (C:N) ratio. The idea of changing my management approach to use organic residues with higher or lower C:N ratios at different times of year to produce different results was another transformation in my soil revolution. I became less obsessed with high- nitrogen legumes as living mulches. I was no longer afraid that my crops would go hungry if I fed them dried organic residues that were lower in nitrogen and higher in carbon. This revelation led me to adopt two more ecological farming principles:


Add organic residues all season. Add organic residues regularly throughout the year, not all at once in the spring.

Fertilize selectively. Fertilize the crop selectively; avoid fertilizing the whole field or garden.



Organic residues such as manure, compost, grass and/or legume cover crops, mulches, and woody residues (like chipped branch wood) vary in carbon and nitrogen content and in lignin, which is a complex, very slow-to-decompose organic material found especially in wood and bark. Organic residues also vary in other nutrients, such as phosphorus and micronutrients including manganese or iron.

I dove into the challenge of matching crop nutrient demand with nutrient release from organic residues rather than just adding more inputs. I also wanted to try to quantify nutrient release both from the organic residues I applied and from the store of soil organic matter. In other words, I try to match the rate of nutrients becoming available to crop roots from slowly decomposing plant residues with the rate at which my crops need to take up and use nutrients for optimal yield. And I want to do this while still slowly building soil organic matter to match any I use during my annual minimal tillage (even minimal tillage decreases soil organic matter). This matching achieves a more idealized steady-state condition; it equalizes organic residue decomposition with nutrient cycling into crop roots.

When the soil reaches a steady state, organic nitrogen and other organic nutrient levels remain relatively constant in the soil. There are no dramatic flushes or decline of nutrients. In other words, nutrients become available at about the same time that plant roots need them, so excessive levels don’t build up. Some soil scientists suggest that this approach is likely to be superior to spreading and incorporating compost in the spring, which leads to a sudden flush of nutrients in the soil, with the possible loss of nutrients into groundwater.

However, the same soil scientists also suggest that the ideal steady-state condition may be an unachievable goal. This is because nutrient release rates vary considerably with moisture and temperature and also with plant residue maturity. This brings us back to why C:N ratios matter so much in my low-input system. We can quantify the maturity of plant tissues in terms of C:N ratios and also lignin content. Both lignin content and C:N ratios play a big ecological role in a soil organic matter system designed to match crop nutrient demand with nutrient release. Generally, materials with a high C:N ratio



	The carbon-to-nitrogen (C:N) ratios of organic residues I was applying.

	The fate of specific plant nutrients in surface- applied organic residues.

	The predictability and speed of nutrient availability to crop plants as various organic residues decompose.


















Managing Tillage
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GRADUATING TO CARBON FARMING
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Microbial Activity and Interconnections










SUPPORTING THE MICROBIAL COMMUNITY
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DELVING DEEPER
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TESTING METHODS FOR FEEDING MICROBES
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MORE BENEFITS OF SOIL BUILDING
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		Figure 0.1. Ecological decision making means taking into consideration the health and habitat of beneficial insects and pollinators, like this swallowtail butterfly pollinating peach blossoms.



		Figure 0.2. With an ecological systems approach, a farm or garden is a beautiful, diverse, integrated planting that can yield some of the most nutritious food you’ve ever eaten.



		Figure 1.1. These bins of onions, shallots, and winter squash show that high yields are possible even with Woodleaf’s low-input systems. Clover living mulch has grown into this onion row from the row middles, but the onions we are harvesting are large and pest-free.



		Figure 1.2. In August the harvest at my farm provides a rainbow of deeply colored, antioxidant-filled, vitamin-rich fruit.



		Figure 1.3. First harvest from this 5-year-old peach tree at my farm in 2020. The trees and the living mulch ground cover, microorganisms, insects, birds, and wildlife are forming and re-forming relationships as this orchard enters a dynamic equilibrium stage.



		Figure 1.4. In this scene of transplanting eggplant at Biodesign Farm in 2006, note the perennial red clover in between crop rows. This living mulch minimized soil disturbance and provided soil nutrients and winter cover as well as habitat for natural enemies.



		Figure 1.5. Harvesting peppers at Woodleaf Farm (OR) in 2020. Perennial grass, weed, and clover living mulch covers the soil between crop rows, and its roots feed the rhizosphere a steady, balanced diet of carbon and nutrients. The mowed mulch blown into the crop row serves as a slow-release carbon fertilizer, habitat for natural enemies, and weed suppression.



		Figure 1.6. Blooming peaches and cherries and unmowed perennial living mulch ground cover at Woodleaf Farm (CA) provide undisturbed refuges for above- and belowground natural enemies. Selective mowing of the living mulch during the growing season cycles and recycles nutrients within the agroecosystem.



		Figure 1.7. Woodleaf peaches for sale at a farmers market in the Bay Area of California. The farm had a reputation of consistently providing very tasty fruit.



		Figure 1.8. A big crop of apricots at the new Oregon orchard growing using no pest sprays and no off-farm fertilizer.



		Figure 1.9. Cranberry dry beans in July at the new Woodleaf Farm (OR), growing in a strip-tilled row between no-till living mulch row middles. Mowed living mulch blown into the crop row provides fertilizer and habitat and suppresses weeds.



		Figure 1.10. Orchard predators include this pygmy owl, which landed in a peach tree to consume a just-caught vole.



		Figure 1.11. This bee-like insect is a syrphid fly. It’s a welcome sight in an orchard because it provides pollination and its larvae feed on aphids, scale insects, leafhoppers, and small caterpillars like newly hatched codling moth larvae.



		Figure 2.l. White clover living mulch growing between rows of trellised cucumbers. The nitrogen-fixing clover was part of my strategy to build soil nitrogen, and it also provided season-long ground cover and bloom at Biodesign and Woodleaf (CA) farms.



		Figure 2.2. Nitrate-nitrogen levels (PPM) in Old Field and New Field at Biodesign Farm from 1993 to 2010. Notice the sharp increase in nitrogen in the Old Field, followed by a decline (when compost application decreased and stopped), as well as the slow increase in the New Field (where mowed living mulch was the main fertilizer).



		Figure 2.3. As I started using new methods at Biodesign Farm, it was exciting to see the quality of my vegetables improve. I started to see less blossom-end rot on tomatoes and less sunscald on sweet peppers.



		Figure 2.4. Monthly nitrate-nitrogen levels (PPM) in three test plots at Biodesign Farm in 2006. The purple line is an untilled grass/weed pasture; the green line is an untilled clover row middle (both mowed regularly). The orange line is a Brussels sprouts crop row in which a clover cover crop was strip-tilled before planting.



		Figure 2.5. There is scientific evidence that richly colored fruits like these Woodleaf Farm, California, peaches tend to contain higher levels of secondary compounds, which help naturally protect against disease and insect pests, than do light-colored fruits.



		Figure 2.6. In this Woodleaf Oregon vegetable field in August, diverse year-round soil cover between crop rows is thriving—cycling and recycling nutrients and providing undisturbed habitat and root exudates for the microbial community.



		Figure 2.7. Up to 60 percent of the net carbon captured through photosynthesis ends up in plant roots. Some of that carbon (as well as other biochemicals) is released as part of the many kinds of root exudates that both feed and signal soil microorganisms, which in turn make nutrients available to plant roots and form root-microbe associations.



		Figure 2.8. These sweet red peppers from Biodesign Farm all are of equal high quality, even though they were grown with different management methods to test the effects of living mulch management methods between crop rows.



		Figure 2.9. Biodesign Farm 2006: Permanent perennial red clover living mulch just starting to green up in early spring as new crop rows are being strip-tilled.



		Figure 2.10. Soil organic matter levels generally increased over time in the Old Field at Biodesign Farm due to application of compost (until 2002) and mowed or tilled living mulch. In the New Field the main fertilizer was mowed living mulch.



		Figure 3.1. The organic matter continuum ranges from raw residues to humus. To support a thriving microbial community add a diversity of residues from across this continuum to your soil at regular intervals (rather than all at once).



		Figure 3.2. Carl cutting grass, clover, weed hay mulch in late August for direct application to vegetable crop fields with the crop chopper and trailer he rigged up for the task.



		Figure 3.3. A vegetable crop bed prepared for the following year with 4 inches (10 cm) of hay mulch surface-applied in September.



		Figure 3.4. Woodleaf Farm, Oregon, perennial living mulches mowed and blown into sweet pepper rows in August.



		Figure 3.5. Potassium levels (ppm) in Old Field and New Field at Biodesign Farm 1993–2010.



		Figure 3.6. Phosphorus levels in Old Field and New Field at Biodesign Farm 1993–2010.



		Figure 3.7. Soil pH increased in the Old Field at Biodesign Farm but remained stable in the New Field.



		Figure 3.8. Rhizobium bacteria root nodules forming on a young clover plant are the result of a symbiosis between the clover plant root and the Rhizobium bacteria.



		Figure 3.9. Soil nitrate-nitrogen levels in mowed and unmowed treatment plots at Biodesign Farm, 2006. Generally, soil nitrate-nitrogen levels were lower in plots where living mulch was mowed and surface-applied monthly compared with unmowed living mulch. Due to the small sample size in this study, only in August was there a statistically significant difference.



		Figure 4.1. In this midsummer view of my home garden, there is virtually no exposed bare soil and the garden is starting to look a bit wild. Tall sunflowers, the clover row middles, and the clover cover crop will remain all winter as undisturbed, untilled areas.



		Figure 4.2. Weeds, clover living mulch, and hay mulch covering soil between garden crop beds.



		Figure 4.3. Strip tillage bed preparation with a 3-foot (1 m) rototiller at Woodleaf Farm, Oregon.



		Figure 4.4. Wheel hoe suppressing weeds and mixing mowed and blown living mulch into the top 1 to 2 inches (2.5–5 cm) of soil in between corn rows.



		Figure 4.5. Test plots at the start of our fertility system comparison, September 2017. The rich green plots are Fertility System 2, with newly added hay mulch applied over previously mown and blown living mulch (cut from the row middles).



		Figure 4.6. In 2018 red cabbage yield and quality (especially taste) from both of the experimental soil fertility systems trialed at Woodleaf Oregon were very good.



		Figure 4.7. Measurements from March 2018 of various forms of soil carbon in our fertility system trials. The standard measure for soil carbon is percent soil organic matter loss on ignition (percent OM). Microbially active carbon and soil respiration carbon are indicators of the level of activity of the soil microbial community.



		Figure 4.8. After shallowly tilling the crop beds, I sometimes use a single shank chisel plow to open up the soil, add oxygen for soil microbes, and help incorporate residues.



		Figure 4.9. I strip-till one to three times to incorporate residues of new, green, mowed and growing living mulch into the crop beds.



		Figure 4.10. In May mowed-and-blown green mulch provides good surface cover in this bed of young onions.



		Figure 4.11. By June the living mulch in the row middles is wild and a bit untidy; some is left undisturbed and provides habitat for birds, snakes, and beneficial insect predators and parasites.



		Figure 4.12. It also provides a barrier to suppress soilborne diseases of these squash fruits.



		Figure 4.13. A strip of undisturbed living mulch in late August includes blooming red and white clover, alfalfa, chicory, common plantain, and grasses.



		Figure 4.14. The mowed-and-blown living mulch covers the remnants of finished spring salad mix and pea plants.



		Figure 4.15. Hay mulch spread over a bed after harvest. The adjacent tomatoes and sweet corn are thriving in beds that received extra hay mulch the previous summer/fall.



		Figure 4.16. The yield and quality of these field-grown Woodleaf Farm heirloom tomatoes is good, even though they were exposed during the growing season to all the things tomatoes hate, including strong sun, wind, and temperature extremes.



		Figure 4.17. In the first week of October, these eggplants are remarkably vigorous, with plentiful glossy fruit, despite the low- nitrogen inputs of my organic grow-your-own-fertilizer system.



		Figure 4.18. In late fall after the first hard frosts, my soil is covered with weed and living mulch foliage aboveground and growing roots below to maintain beneficial organism habitat all winter.



		Figure 4.19. Blooming red and white clover dominate my mixed-species living mulch in August in this no-till orchard-to-be. Mounds of hay mulch suppress the clovers and grasses at each spot where a fruit tree will be planted the following spring.



		Figure 4.20. This alsike white clover growing as a living mulch between trellised crop rows is easy to keep short by mowing.



		Figure 4.21. Hairy vetch growing between and beneath peach tree crop rows, mixed in with the grasses and weeds in our living mulch.



		Figure 4.22. Teff growing as a living mulch and a mowed walkway in a vegetable garden.



		Figure 4.23. A windrow pile of finished compost with good crumb structure. None of the original compost materials are identifiable.



		Figure 4.24. A compost thermometer allows you to monitor precisely what is happening in your compost pile and is a good investment for making good microbially active, finished compost.



		Figure 4.25. Steam emanating from compost when turning the pile means that decomposer microorganisms are working hard. Heat is produced as a by-product of the microbial breakdown of organic materials.



		Figure 4.26. Building a compost pile in a bin at Woodleaf Farm, Oregon, with PVC aeration pipes extending out the side of the bin. The bin contents are hay mulch and pruned branches, with 10 percent added fertile farm soil and 15 percent kitchen wastes.



		Figure 4.27. Early-planted Brandywine tomatoes exhibiting nitrogen deficiency signs in cool spring soils. I am applying a root drench of Helen’s Magic Mix Liquid Fertilizer Intervention.



		Figure 4.28. Peach leaves showing interveinal yellowing indicative of manganese deficiency during a heat wave in eastern Oregon, with 10 days over 100°F (38°C) during fruit ripening that exacerbated the deficiency.



		Figure 5.1. This schematic shows the ecological pest suppression design that Carl and I devised. We used it when farming jointly and I continue to refine it today. Question marks indicate decisions that need to be considered and adjusted both within the growing season and from year to year. Most interactions are reciprocal, especially those connected by double-headed arrows.



		Figure 5.2. Pepper yield and aphid/aphid parasite incidence on peppers in 1996, 2006, and 2007 at Biodesign Farm.



		Figure 5.3. This living mulch beneath and among peach trees at Woodleaf Farm, California, is an example of providing interspersed habitat for beneficial insects as close to the trees as possible. We mowed only the small areas around micro-sprinklers, and only in the spring, leaving 50 percent of the total orchard undisturbed throughout the season.



		Figure 5.4. Sunflower, calendulas, and marigold are part of this blooming insectary block at an Oregon organic farm. Within a 1/2-acre (0.2 ha) planting, there were 12 small blocks of plants, which also included agastache, alyssum, orache, and fennel. GPS mapping indicated that insectary plants made up less than 1 percent of the total cropped area.



		Figure 5.8. Newly established winter wheat cover crop.



		Figure 5.9. Phil Foster Ranch native shrub and tree hedgerow.



		Figure 5.10. Flowering alyssum in crop field.



		Figure 5.5. Small fields with native forest margins at Woodleaf Farm, California, create “patch design,” landscape complexity, and de facto tree and shrub hedgerows at field margins. Forest patches surrounded by patches of orchard create hot spots of biodiversity within farms.



		Figure 5.6. Fall crops left to flower at this organic farm in western Oregon provide early-spring pollen and nectar. Low-growing weeds and a winter cover crop provide habitat as well as soil building.



		Figure 5.7. Flowering clovers in the living mulch row middles between vegetable crops provide habitat for pollinators and predators such as this crab spider at Woodleaf Farm.



		Figure 5.11. Blooming common buckwheat, a summer cover crop, provides excellent habitat for beneficial insects, particularly parasitic wasps. Buckwheat has flowers with easily accessible nectar.



		Figure 5.12. Flowering parsnip is a favorite source of nectar and pollen for beneficials, including a distinctive, transparent- winged lacewing and a tiny parasitic wasp (top); two bee-like Tachinid fly adults (center) (some types parasitize cutworms, codling moth, and other fruit tree pests); and several parasitic wasps (bottom), including Ichneumonid, Braconid, and Chalcid species, who parasitize the eggs and larval stages of moths, flies, grasshoppers, and beetles.



		Figure 5.13. A predatory syrphid fly forages for nectar and pollen on early-spring-blooming speedwell.



		Figure 5.14. Early-spring-blooming shepherd’s purse provides nectar and pollen for a syrphid fly and a flea beetle.



		Figure 5.15. Chickweed and speedwell blooming in early spring at Woodleaf Farm, California.



		Figure 5.16. A wild row middle consisting of yellow dock, grasses, and weeds in late summer at Woodleaf Farm, California.



		Figure 5.17. This spider is hunting aphids and thrips in a peach tree. Spiders were common in the orchard trees at Woodleaf California, and spiders continue to be an important component of the “in-tree pest suppression team” in the Woodleaf Oregon orchard.



		Figure 5.18. Blooming weeds in the living mulch in August, such as this common plantain (Plantago major), provide pollen and nectar for beneficial insects like this syrphid fly.



		Figure 5.19. The untilled living mulch in the row middles of the Woodleaf Oregon orchard includes perennial grass, clover, and weeds that provide habitat and maintain soil fertility for good crop yields.



		Figure 5.20. Lots of blooming and seeding ground cover in the ungrazed and selectively mowed living mulch at Woodleaf Oregon.



		Figure 5.21. In this organic peach orchard, chickens forage with rotational grazing management. They are fenced into small areas and moved frequently, but not often enough to prevent loss of blooming ground cover necessary to shelter and feed beneficial insects.



		Figure 5.22. Results of a Biodesign Farm on-farm research study in 2006 to investigate the abundance and diversity of predators and parasites in living mulch in the row middles of no-spray plots of Brussels sprouts.



		Figure 5.23. Average number of ground-dwelling predators found in pitfall traps from unsprayed plots and plots sprayed with Bacillus thuringiensis var. kurstaki and insecticidal soap or with a pyrethrin-rotenone spray.



		Figure 6.1. Damage due to insects with chewing mouthparts: small holes in kale leaves due to flea beetles (top); large holes in kale caused by cabbage worms (bottom).



		Figure 6.2. The whitish pinprick holes, also called stipples, in these onion leaves are caused by onion thrips, which have piercing/sucking mouthparts.



		Figure 6.3. It’s important to be able to identify generalist predators like this lady beetle larva. Note the three enlarged legs on either side of the body and distinct head. Photo by Katja Schulz.



		Figure 6.4. This Pacific chorus frog is sitting patiently on an almost ripe sweet red pepper at Woodleaf Farm, waiting for a tasty beetle, moth, or caterpillar to happen by. Frogs also eat aphids and many other insects.



		Figure 6.5. A surprising sight among the Brussels sprouts at Woodleaf Farm: a garter snake hunting for insects! Snakes eat beetles, caterpillars, and aphids, as well as slugs and mice.



		Figure 6.6. These carabid beetles caught in a pitfall trap feed on small cabbage worms, root maggots, and many pest insects that spend part of their life cycle in the soil.



		Figure 6.7. Convergent lady beetle adults searching for aphids.



		Figure 6.8. This soldier beetle on a plum tree leaf is seeking a meal of aphids.



		Figure 6.9. Two wormlike syrphid fly larvae are almost hidden by the large infestation of cabbage aphids they are feeding on. Sometimes you have to look very closely to find hardworking predators.



		Figure 6.10. A syrphid fly adult (Toxomerus marginatus) feeding on pollen and nectar from a blooming weed, shepherd’s purse.



		Figure 6.11. Assassin bugs are generalist predators that feed on a wide variety of pests ranging from aphids to caterpillars. This assassin bug is feeding on a coreopsis flower.



		Figure 6.12. Yellow jacket (Vespinae) predator wasp searching for cabbage worms on a broccoli leaf where feeding cabbage worms have chewed round holes.



		Figure 6.13. Several species of parasitic and predatory wasps feeding on the nectar and pollen in parsnip flowers.



		Figure 6.14. Parasitized aphids (called mummies) on this leaf are tan colored and look bloated compared with the non-parasitized green aphids.



		Figure 6.15. Lacewing adult feeding on cilantro flowers.



		Figure 6.16. Crab spider collected from apple trees.



		Figure 6.17. This spider is feeding on cabbage aphids.



		Figure 6.18. Ecological decision making means taking into consideration the health and habitat of beneficial insects, pollinators, and birds, like this yellow warbler in my apple tree, catching insects to feed his babies.



		Figure 7.1. Cercospora leaf spot caused by the fungus Cercospora beticola shown on this Swiss chard leaf. Small round spots with a bull’s-eye pattern coalesce into dead patches as the fungus grows.



		Figure 7.2. Note the fungus-plant interaction pattern on this apricot leaf infected by shot-hole fungus (Wilsonomyces carpophilus). Spores germinated on the warm, wet leaf surface and began to grow, but the plant used its defense system to stop the fungal growth. The result is different colors and striations in the spots and the indistinct outer yellow halos.



		Figure 7.3. A young Sudan grass cover crop provides a thick sod and yields a lot of high-carbon residue that helps suppress diseases like verticillium wilt.



		Figure 8.1. Blooming weeds such as this shepherd’s purse provide habitat and easily accessible nectar for early-spring beneficial insects within crops, including this syrphid fly.



		Figure 8.2. It is important to be able to identify weeds at their vulnerable seedling stage. The two larger seedlings in the center are pigweed and lambsquarters. In the lower right are two prickly-leaved Canada thistle seedlings. The majority of the smaller weed seedlings with rounded, slightly serrated leaves are common field speedwell.



		Figure 8.3. Low-growing speedwell is blooming below tall, space-filling, taprooted wild mustard. I choose common field speedwell as a less competitive annual ground cover in annual vegetables, but I selectively weed out the taller wild mustard.



		Figure 8.4. I selectively weed chickweed in my high tunnel, but it is still present as a blooming ground cover beneath mature kale and other leafy crops. Since it is edible, I don’t worry about whether or not it gets mixed in with my greens during harvest.



		Figure 8.5. Blooming red clover “weeds” moving from living mulch row middles into maturing onions and red cabbage in late summer at Woodleaf Farm, Oregon.



		Figure 8.6. Mowed wheat (Triticum aestivum) living mulch in between onion crop rows provides a mulch mat on the soil surface to suppress winter annual weeds, such as the blooming purple deadnettle weeds in foreground.



		Figure 8.7. The Brussels sprouts plants from my 2007 weed ecology experiment look quite happy in this plot covered with EcoCover paper mulch.



		Figure 8.8. This is the infrared radiant heat flamer I used to prepare no-till plots in my 2007 weed ecology study.



		Figure 8.9. The effects of weed management and tillage treatments on mycorrhizal density in experimental plots at Biodesign Farm in 2007. Letters A through D signify statistically significant differences among treatments.



		Figure 8.10. At Woodleaf Farm in 2021, living mulch residue blown into crop rows suppresses weeds in a bed of young pepper transplants and cycles nutrients. By late summer, creeping perennial grass, clover, and broadleaf weeds will infiltrate the beds but also provide winter cover (without needing to overseed a cover crop).



		Figure 8.11. Landscape fabric spread over minimal-tilled, strip-till crop rows and held in place with metal pins.



		Figure 9.1. Harvesting mature Brussels sprouts under the snow at temperatures of 5 to 15°F (−15 to −10°C). Once the sprouts of this very hardy crop thaw out, they taste great.



		Figure 9.2. Shade cloth protects this row of cool-season kale and cabbage from a hot week that reached 100°F (38°C).



		Figure 9.3. Hooped and nonhooped row covers protecting early lettuce transplants and seeded spinach. Using row cover enables me to plant when nighttime temperatures are still in the low 20s F (down to −7°C).



		Figure 9.4. Winter cabbage and lettuce (left) and spinach, spring-seeded peas, and new lettuce (right) grow well in a high tunnel in early spring. Stumps of harvested radicchio plants are sending up flower stalks, which I leave to bloom as an early pollen and nectar source for beneficial insects.



		Figure 9.5. Fall kale and broccoli crop mulched with mowed living mulch to keep roots warm as temperatures drop.



		Figure 9.6. These broccoli plants are wilting due to root damage caused by clubroot disease. The end of the row is affected probably due to water puddling in this part of the row.



		Figure 9.7. Young red- and green-leaved cabbage plants. Look closely to see that the green cabbage leaves have holes from cabbage worm feeding, but red cabbage leaves have almost no feeding damage.



		Figure 9.8. Forked carrot root due to overcrowding and poor thinning of carrot crop.



		Figure 9.9. White irregular tunnel in a leaf surface made by a vegetable leafminer.



		Figure 9.10. Harvesting baskets of shelling peas from plants competing successfully with slowly encroaching living mulch row middles, weeds, and lettuce.



		Figure 9.11. Squash growing on a trellis.



		Figure 9.12. Striped cucumber beetles chewing small holes in squash seedlings. If you spot them, take action to protect plants, because these beetles also spread bacterial wilt disease.



		Figure 9.13. Spots on a tomato leaf due to early blight disease. Also a solanaceous flea beetle is feeding at top right.



		Figure 10.1. Grayish green cabbage aphids on cabbage leaves. The tan-colored, puffy ones have been parasitized by a wasp.



		Figure 10.2. Cabbage-aphid-free broccoli growing amid white clover in my forest garden experiment.



		Figure 10.3. Armyworm larvae feeding damage on Swiss chard.



		Figure 10.4. A green European cabbage worm is trying to hide in the inner leaves of a head of cabbage where it has been feeding, leaving behind large holes.



		Figure 10.5. Note the small diamondback moth cabbage worms on the person’s palm.



		Figure 10.6. Striped cucumber beetles on squash leaves.



		Figure 10.7. A spotted cucumber beetle on tomato.



		Figure 10.8. This spider is searching for cucumber beetles to eat on squash leaves badly damaged by the beetles’ feeding.



		Figure 10.9. Flea beetles feeding on broccoli and flea beetle damage to a potato leaf.



		Figure 10.10. Adult harlequin bugs and newly hatched nymphs on Brussels sprouts.



		Figure 10.11. Root maggot damage to turnip roots.



		Figure 10.12. Two adult squash bugs mating.



		Figure 10.13. At first glance this dark-colored bug might look like a plant-damaging stink bug, but this is a predatory rough stink bug. Note the spines projecting from the corners of its shoulders; plant-damaging stink bugs have rounded shoulders.



		Figure 10.14. White stipples on onion leaves from onion thrips damage.



		Figure 10.15. Wireworm damage to potato tubers.



		Figure 11.1. Early blight symptoms on tomato leaves.



		Figure 11.2. Cercospora leaf spot on Swiss chard.



		Figure 11.3. The deformed kohlrabi roots on the right plant are caused by clubroot disease. The kohlrabi roots on the left are normal, without disease.



		Figure 11.4. Downy mildew on spinach.



		Figure 11.5. Water-soaked spots and brown blotches on older tomato leaves at summer’s end caused by late blight.



		Figure 11.6. Wilted and yellowing pepper leaves and fruit due to infection by Phytophthora. Photo by Doug O’Brien.



		Figure 11.7. White powdery mildew patches on both surfaces of cucumber leaves.



		Figure 11.8. Rust disease on garlic.



		Figure 11.9. Sclerotinia disease is just starting to infect the bottom leaves of this lettuce plant that are touching the soil.



		Figure 11.10. Blossom-end rot on tomato.



		Figure 11.11. Nitrogen deficiency causing yellow, pale leaves on newly transplanted heirloom tomatoes.



		Figure 11.12. Minor phosphorus deficiency shows up as purpling in older leaves of mature fall-planted broccoli.



		Figure 11.13. Sunscald on pepper fruits.



		Figure 12.1. This cherry tree has naturally upright growth and is pruned to a central leader system.



		Figure 12.2. When this peach tree was young, its central leader was headed back to the top of a whorl of branches to stimulate an open center system. Growth now continues outward along the scaffolds each year.



		Figure 12.3. The range of bloom colors shows both in-row and in-field variety diversity at Woodleaf Farm, California. There are several varieties of pink-blooming peaches and nectarines as well as white-blooming cherries and pluots in this field.



		Figure 12.4. Year-round ground cover builds both soil health and habitat for natural enemies like this praying mantis hunting in a peach tree at Woodleaf Farm, Oregon.



		Figure 12.5. In early July the living mulch in our no-till orchard at Woodleaf Oregon is a lush mass of blooming grasses, clovers, and weeds providing habitat for beneficial organisms.



		Figure 12.6. In the fall Carl is applying hay mulch from another Woodleaf Oregon field to the spot where each fruit tree will be planted the following spring.



		Figure 12.7. At Woodleaf Oregon we mow selectively. Here, the living mulch is cut short near the trees, with early-summer grasses and weeds in the row middle left unmowed.



		Figure 12.8. In this late-summer scene, what was a tall living mulch between rows of pear trees has become mowed surface residue, equivalent to 1 to 2 tons of hay mulch per acre (907–1814 kg/0.4 ha).



		Figure 12.9. Fallen tree leaves and pruned branches contain significant nitrogen and other nutrients. I use a rotary tractor-mounted mower to chip the branches, and all the nutrients are slowly recycled back to the trees.



		Figure 12.10. Evaluation of materials sprayed for brown rot management on O’Henry peaches: percent marketable, disease-free fruit (percent of total harvest) with no disease per each tested material(s).



		Figure 12.11. Evaluation of materials sprayed for brown rot management on Royal Glo peaches in 1994: quantity of fruit (percent of total harvest) with no disease per each tested material(s).



		Figure 12.12. These peaches at Woodleaf Farm are already deeply colored, even though they are still ripening and gaining in size. A lab analysis of tissue from these fruits showed that they were high in macro- and micronutrients.



		Figure 12.13. Abundance of yeast colony-forming units (CFU) per petal and leaf in an evaluation of spray materials tested at Woodleaf Farm in 1994 for their effect on levels of blossom and leaf Aureobasidium pullulans yeast.



		Figure 12.14. Woodleaf Farm O’Henry peach leaf analysis in 1994 and 2014: Macronutrients (percent) compared with normal sufficiency levels for peach leaves.



		Figure 12.15. Woodleaf Farm O’Henry peach leaf analysis in 1994 and 2014: Micronutrient levels (PPM) compared with normal sufficiency levels for peach leaves.



		Figure 12.16. Woodleaf Farm O’Henry peach fruit tissue macronutrients levels in 2014 compared with O’Henry fruit from two California certified organic peach orchards. ’



		Figure 12.17. Woodleaf Farm O’Henry peach fruit tissue micronutrient levels in 2014 compared to O’Henry fruit from two California certified organic peach orchards.



		Figure 12.18. We mow as needed around micro-sprinklers for efficient irrigation, but without disturbing blooming habitat for natural enemies.



		Figure 12.19. A robin sitting on her nest in a nectarine tree in the orchard. Robins are voracious insect predators when feeding their babies and rarely damage fruit when nesting.



		Figure 12.20. These apple seconds (left), including those with codling moth surface-only stings, are some that Carl and I offered for sale at market with a sign saying FRUIT TO EAT IN THE DARK OR BY CANDLELIGHT. Unblemished apple firsts (right) command a much higher price.



		Figure 12.21. The hole and surrounding frass are classic codling moth damage to apple, indicating the presence of a worm or worm damage inside.



		Figure 12.22. These peach tree rows at the Woodleaf California orchard are covered with Agribon for frost protection of tender spring blooms.



		Figure 12.23. Cherry fruit fly damage is due to larvae developing inside fruit and feeding on the flesh.



		Figure 12.24. The distortion of these peach leaves is due to peach leaf curl disease. Fruit is rarely affected. The parasitic wasp on the small, newly developing peach fruit is looking for Oriental fruit moth or peach twig borer larvae to parasitize.



		Figure 12.25. Thin peaches well to avoid brown rot. I thin the fruits to 6 to 8 inches (15–20 cm) apart, spacing susceptible varieties farther apart than resistant ones.



		Figure 12.26. Rough areas and catfacing on these deformed peaches are due to feeding by stink bugs and/or tarnished plant bug.



		Figure 12.27. Green fruit worms do only minimal damage to pears as long as you have not killed the many predators and parasites that prey upon them.



		Figure 12.28. Leafrollers and green fruit worms leave sunken, scabby scars on fruit. White-flecks on leaves is residue from mineral mix bloom sprays.



		Figure 12.29. Candy Stripe pluots are as tasty as they are beautiful.



		Figure 13.1. Aphids feeding on new spring growth of pluot are causing leaves to curl and pucker. Lady beetles and other predators usually provide sufficient control.



		Figure 13.2. Grass and clover ground cover around the base of fruit trees can physically suppress fruit fly larvae from burrowing into the soil to complete development and emerge.



		Figure 13.3. Codling moth damage to apple.



		Figure 13.4. This wolf spider (family Lycosidae) in the orchard living mulch is an agile predator of codling moth. These spiders don’t spin webs, but instead hunt down their prey.



		Figure 13.5. Codling moth caught in a blacklight trap, which ran only from sundown until 11 P.M. Even so, other nontarget moth species were caught.



		Figure 13.6. Eriophyid mite damage to pear leaves: raised spots and rusty-colored blisters.



		Figure 13.7. Oriental fruit moth damage to peach fruit.



		Figure 13.8. Peach tree borers feeding on trunks can be spotted by dark-colored gum and sawdusty insect excrement.



		Figure 13.09. Western flower thrips damage to nectarine fruit.



		Figure 14.1. Bacterial blight disease damage to a sweet cherry tree trunk.



		Figure 14.2. Bacterial leaf spot disease can appear as a water- soaked area and black spot at the leaf tip along the mid-vein.



		Figure 14.3. Brown rot disease damage to peach.



		Figure 14.4. Fire blight symptoms on apple leaves and shoots. Photo by Sebastian Stabinger.



		Figure 14.5. Peach leaf curl symptoms on peach leaves and shoots with deformed, curled, red leaves.



		Figure 14.6. Powdery mildew on pear leaves.



		Figure 14.7. Shot-hole disease caused by the fungus Wilsonomyces carpophilus results in dark, round leaf spots that later drop out, giving a shot-hole appearance.



		Figure 14.8. Iron deficiency symptoms on apple leaves.



		Figure 14.9. The clear, light-colored drops of liquid on this peach tree are due to winter injury. If the cause of this gummosis were a disease, the gum would be a darker, amber color.
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