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“No-Till Intensive Vegetable Culture is the best practical manual for vegetable growers that I am aware of. From his deep wisdom and experience, Bryan O’Hara covers tillage alternatives, planting, seed saving, mineral balancing, mulching, composting, marketing, and all the other dynamics of running a successful vegetable farm. Far beyond numbers, techniques, and prescriptions, Bryan describes the expressions of principles and forces that govern growth, capturing and explaining subtleties and nuances that are foundational to vitality and providing readers with a deeper understanding that allows for better decision making.”

—Dan Kittredge, founder and executive director, Bionutrient Food Association

“Perhaps no calling demands so many disparate skills as that of the cultivation of vegetables to provide for others in harmony with nature. The compleat farmer is a master of all trades: observer, synthesizer, balancer of polarities, soil chemist, labor efficiency expert, coach, decision maker, harvester, marketer, and deep thinker. Using detailed examples and sharp tools, master farmer Bryan O’Hara has built an integrated philosophical framework and operations manual for this blessed work that has so much to offer both farmer and eater.”

—CR Lawn, founder, Fedco Seeds

“Bryan O’Hara takes us on a journey to create a healthy, vibrant ecosystem that generates health through the production of nutrient-dense food while also helping to build community. I highly recommend this book to all those who seek a better future for humanity.”

—Gabe Brown, rancher; author of Dirt to Soil

“Bryan O’Hara is one of the most brilliant vegetable farmers in North America. Few have mastered the ability to grow vegetables without diminishing the soil with destructive tillage. This humble soil genius understands the true art and science of vegetable farming. I highly recommend this book to all those who want to farm well and restore soil.”

—Ray Archuleta, farmer; founder, Soil Health Academy; partner, Understanding Ag LLC

“A must-read for anyone looking to take regenerative farming to the next level. When I visited Tobacco Road Farm, I realized that in a single day, I could only scratch the surface of all that Bryan O’Hara has to teach us. Whether it be Bryan’s approach to no-till soil management, Korean Natural Farming and indigenous microorganism cultures, high-carbon composting, innovative mulching techniques, or year-round growing methods, every grower will find valuable ideas and instruction in this book. Bryan offers a whole-farm plan to grow productively while contributing to the healing of Mother Earth. Whether you follow Bryan’s method in whole or in part, his ideas will go a long way towards helping you ‘close the circle’ and farm more ecologically, efficiently, enjoyably, and profitably while reducing outside inputs.”

—Andrew Mefferd, editor, Growing for Market magazine; author of The Organic No-Till Farming Revolution

“No-Till Intensive Vegetable Culture is one of the most helpful guides for managing a vegetable production system I’ve encountered in over three decades of teaching in this area. Bryan O’Hara is a leading authority on building a farming operation that relies on knowledge rather than chemicals, and his concepts of balanced growth and crop plant polarities are innovative and insightful ways of looking at horticultural husbandry. Readers will gain intimate knowledge about working in an integrated manner with all components of a no-till production system. I take my students to Bryan’s farm to experience his wellspring of innovative organic practices firsthand, and I plan on using this book as a text for my courses.”

—Dr. Gerald Berkowitz, professor of plant science, University of Connecticut

“This book is a grower’s dream, filled with crisp and invaluable details and clear-eyed explanations and guidance that connect ‘how-to’ with ‘why.’ O’Hara’s innovative and pioneering methods amply demonstrate the power—and profitability—of prioritizing soil health and thriftiness alongside keen and insightful observations of field conditions. Simply put, you need this book at your fingertips if you want to successfully grow no-till vegetables.”

—Anne Biklé, coauthor of The Hidden Half of Nature

“An inspiring guide to merging traditional and modern practices for successful small-scale vegetable farming based on rebuilding soil life. Having seen the incredible soil at Bryan O’Hara’s farm, I can attest that it speaks for itself!”

—David R. Montgomery, author of Growing a Revolution

“Although I am not a no-till grower, I respect growers like Bryan O’Hara who are achieving great things using this method. No-Till Intensive Vegetable Culture is rich with intuitive detail; the text overflows with great understanding of soil and plants and how to cultivate them in a thoughtful, sympathetic, and beautiful way. To grow well, one must give of oneself, and Bryan O’Hara of Tobacco Road Farm has certainly done that. He is a true biodynamic grower, whose approach to the soil and its cultivation is assiduous. I have been a biodynamic grower for over twenty years, there is much for me to learn from O’Hara’s book.”
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Introduction

The culture of vegetables has much to offer us. As growers we are continuing a co-evolution with the plants we call our vegetables. We assist them in bringing out the fullest expression of their potential, and they in turn help us bring out the fullest expression of ourselves. In this regard, to engage in the culture of vegetables at this time is a blessing. There is much to be grateful for when all that has led us down the path of growing these crops is considered.

This manual describes many of the practical details of growing vegetables in a beneficial relationship with nature. To give some context to how we have developed these methods, a description of our farm’s evolution is perhaps a prerequisite. Anita and I started farming together at our present location in the early 1990s. We both had farming and gardening experience from our youth and were decided on making farming our means of livelihood from the beginning of our life together. With little money to start a farm, we first rented the small house and a few acres and began growing vegetables, employing some hand tools, a chain saw, a pickup truck, and a borrowed rototiller. The land had been severely depleted by past agricultural practices. It had started to reforest and needed extensive soil improvement. Fortunately, we had been introduced to the organic method of agriculture through our interactions with the health-oriented subculture of the 1970s and ’80s. That, combined with our agricultural backgrounds, helped us understand the importance of compost and mineral application to improve soil conditions. Through the extensive additions of these materials and strong market conditions, we achieved early success, including clear demonstration that we could profitably produce vegetable crops without the use of pesticides. However, it was our friendship with our elderly neighbor Gilbert Risley that so quickly developed the farm into a successful endeavor. Gilbert had grown vegetables commercially for many years in the mid-1900s and had experience in everything from horse cultivation to chemical usage. Gilbert lent us a field behind his house, and every day he would come out and stand at the edge of the field, imparting to us his wisdom and knowledge. This invaluable mentorship continued until his death in 2001.
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From Gilbert and other experienced growers, we quickly learned the details of traditional agriculture approaches to vegetable production. Our need to maintain a livelihood made us very attentive students of these farmers as well as of nature itself. With only worn-out soils and little money to rely on, this intensive study, along with much physical exertion and long hours, was required for many years to maintain the farm in a constant state of profitability. It is because of these conditions, which many non-enthusiasts would view as hardship, that Anita and I gained a thorough understanding of vegetable crop production.

With early success and profitability established, we quickly purchased the farm as well as invested in mechanization, including five old International tractors and a host of appropriate vegetable-growing implements. Since I had clearly caught “farming fever,” my thought was to utilize the profits from a few acres of vegetable growing to amass the equipment and means needed to launch into a much larger farming operation. Luckily Anita was wise enough to break that fever, and I came to see that a few acres of vegetables was more than enough to maintain our livelihood and give us the life we sought. This life includes the health and happiness of our family, useful service to our fellow humans, spiritual devotion and growth, and significant independence and freedom from the modern system of economic subjugation.

The small farm operation that we had developed was providing well for these conditions, and with a clearheaded perspective came the realization that large-scale expansion would likely move us away from our primary intentions. Even 1 or 2 acres grown intensively in year-round production is sufficient to provide for our family’s livelihood, though our present 3 acres (1.2 ha) of vegetables does give us more flexibility with the intensity of production and diversity of crops grown. For vegetable growing this size of operation is traditional worldwide, as this land area is an appropriate size for productive management by a family unit. Farmers and researchers from such diverse places as China and Ghana have told us that this is still the dominant size and mode of vegetable growing in their countries.

Over time, as environmental conditions in our local area deteriorated and we sought ways to improve the health of our crops, we were introduced to Biodynamics by aware gardeners in our community. Biodynamics, with its spiritual and holistic view of agriculture, was a natural fit for our developing farm. The initial applications of Preparation 500, also known as horn manure, resulted in a profound improvement in the aggregation of the farm’s soils. The writings and transcribed lectures of Rudolf Steiner assisted us in integrating the spiritual world into our farming practices. The holistic perspective of Biodynamics gave us greater understanding of the interaction of natural forces with the web of life and thus improved our ability to grow healthful crops under challenging conditions.

Soon after we began Biodynamic practices, a farm intern introduced us to an agricultural methodology known as Korean Natural Farming (KNF), which she had studied while in Hawaii. This methodology improves soil function through the encouragement of biological diversity and through biological treatment of fertilizer materials. This approach put forth by Cho Han Kyu, who first developed KNF in the 1960s, utilizes techniques for cultivating the native biology from a region by collecting and multiplying microbes from nearby forests or fields to apply to farm soils. This involves various steps to culture the microorganisms and is very effective at producing large volumes of native biology to reintroduce into agricultural areas. The process is also known as indigenous microorganism (IMO) culture. Along with this process Cho describes many other approaches for the pre-fermentation or biological processing of various fertilizer materials in order to make them much more effective. Along with Biodynamics, practices of Korean Natural Farming have found much application in assisting crop production in the damaged environment that now faces us.

The study of agronomy has also proven useful in order to better understand soils and fertilizer usage. Soil testing, tissue testing, and a study of the chemistry of fertilizer interaction have helped us determine appropriate actions to increase the health of our crops. It has been particularly effective to combine information from scientific studies into our spiritual and holistic approaches, as these approaches can help guide each other to better agricultural outcomes.

Possibly the most important outcome from these studies and observations was the realization that tillage was having dramatic detrimental impacts on our soils. Soil aggregates were being pulverized, fungal organisms were obviously lacking in the field, and laboratory analyses of soil and plant tissue samples showed skewed nutrient profiles (such as too much nitrogen and potassium and not enough calcium, magnesium, phosphorus, and micronutrients). The final push that brought us to no-till, however, came from our practices of Korean Natural Farming. The emphasis on biological activity in that methodology highly discourages tillage, because it makes little sense to culture native microbiology through the IMO process and introduce it into the fields only to obliterate it by tilling. Over a period of about six years, we steadily reduced tillage and experimented with no-till methods until we were able to develop a system that was flexible and effective for intensive vegetable growing. Our switch away from tillage to no-till methods was nothing short of stunning in its improvement to soil and crop health, disease and insect resistance, weed control, irrigation reduction, labor reduction, improved efficiencies, improved crop storage, and more. Though for us no-till is just one aspect of our overall methodology, if one aspect had to be singled out as most dramatic in its influence it is probably safe to say that no-till was the one.
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So after 30 years of growing at Tobacco Road Farm, we have seen much change in the world of vegetable production, and we have sought to change with it. All of our experiences and influences have allowed us to develop agricultural methods that have steadily maintained profitability through drought, hail, flooding, and other climate changes and manipulations. The soil remains strong, growing crops with excellent insect and disease resistance. There is no need to apply pesticides. The vegetables are rich in flavor and nutrients, and a family-friendly farming environment is maintained.

With our methods now solidly in place comes a desire to assist other farmers and gardeners in their efforts to grow nutritious foods for themselves. As growing conditions have steadily deteriorated, the establishment of a new, flexible, and nature-friendly agricultural methodology has become critical to success both economically as well as for maintenance of health. Our methodology has proven itself over many years of cropping on our farm as well as other farms in our region, often with impressive results in yields, quality, and profitability. This has led to many requests for a manual that could expand upon and provide a “solid copy” of the information presented at the lectures given on our methods, which invariably are too short to provide the full picture.

The production difficulties presently faced by our agricultural community are a result of the modern human condition and are unique challenges not faced by previous generations. These difficulties are numerous and constantly developing. The impact of pollution and human influence on air, sunlight, water, and soil quality is extensive and results in severe imbalances, which then lead to crop failures, often from pestilence. Fortunately for humanity, new farming methods are proving successful; these are the ones that work in a close harmonious relationship with nature. This relationship enlightens the agriculturalist’s mind and functions as a teacher for not only improved agricultural practices but also lessons in the greater concerns of the human experience. The need for this experience is deeply felt in humans at this time as they seek a greater connection to the earth. As a result of this impulse, we are in a continuing back-to-the-land movement. The benefit of the methodology presented here is that it readily puts a livelihood into the hands of the people feeling this impulse, as it requires a relatively small land base of a few acres or less and little capital investment in mechanization. These concepts and techniques have been particularly attractive to the large number of both women and men who are presently entering into farming—which is not to say that these methods are not useful to both gardeners and established farmers as well. This methodology is based upon holistic concepts and observation of the whole of the environment, with its web of interconnection, and how this web interacts with vegetable growth. The holistic approach is certainly the traditional approach to agriculture. However, in order to present these holistic approaches in book format they, of necessity, must be somewhat taken apart and examined in sequence, only to be put back together again in an attempt to show the holistic picture. Hopefully I have succeeded in this endeavor.

The methods presented in this book are relatively complex and interconnected. They provide growers with no-till, pesticide-free, high-yielding, efficient practices, and they are described in detail so growers can understand why they are useful and how they influence the growing environment. These methods are successful because they are interconnected; actions rely on and assist other actions. Growers may do well by carefully following these methods. However, the primary objective of this manual is to help growers formulate a set of actions that may be best in their own environments, and in that regard some methods described herein may be more appropriate for adoption than others. As such, this manual is meant to develop growers’ abilities for their own situations, but it is certainly not the last word on vegetable-growing technique. A manual is a picture in time, and the words on the page cannot evolve on their own. However, farms are continually in a state of development, and my hope is that many growers can take the information presented in this manual and develop it even further in their fields and gardens. These further developments are what will continue to provide us with the ability to feed ourselves at the same time as we gain a closer relationship with the natural and spiritual world. May the lessons we learn together provide us with inspiration, devotion, and gratitude to continue our work and allow us to emanate our understanding to our fellow humans, and the world.
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CHAPTER 1

The Growing Environment

The four elemental states that are of primary importance for vegetable production are soil, water, air, and sunlight (warmth). Appropriate management of these elements in concert with one another leads to a successful crop. Therefore it is of great benefit to establish a farm or garden site where these states are naturally in relative balance. This can reduce management efforts and potential grower errors. There will always be year-to-year imbalances, however, or the need to produce crops on less-than-perfect lands, and thus it is important to develop a variety of techniques to reestablish balance.

The four elements are another way of expressing the various states of matter—solid, liquid, gas, and energy—or the more esoteric concepts of physical manifestation: earth, water, air, and fire. Let’s start with a look at the most solid form: earth or soil.

Soil

Though the four elemental states all require attention and assistance to provide the best growing conditions for vegetable crops, soil is the traditional area that growers focus on most, because soil improvements are often long lasting and readily observable. Abundant healthful crops are the direct result of a grower-assisted, highly functioning soil with air, water, and sunlight provided through natural conditions. Thus, it is critical for growers to consider their actions in terms of whether they are of benefit or detriment to the evolution of soil function. Tillage and application of pesticides are areas of particular detriment. Though in the short term or under specific conditions these activities might be necessary, no-till, pesticide-free vegetable growing highly supports the efforts to improve soil.

Soils are often primarily formed from the decomposition of the parent rock material that underlies a region. Various forces such as weathering, chemical reactions, and biological activities break up this rock into smaller and smaller fragments. As the bedrock fragments it breaks into boulders, then into pieces of smaller size from fieldstones to cobblestones to pebbles, sand, silt, and clay. These mineral fragments are largely responsible for the structure of the soil and have a great influence upon soil’s interaction with the elements of water, air, and warmth. A pebbly sand will allow much air and water to infiltrate, and it will warm in the sunlight quickly. This can be of benefit in a cool rainy environment but a bane under hot, dry conditions. Vice versa, a solid clay soil will sit cold and wet with little air penetration yet may perform very well during an extended sunny, dry period. These are simple examples, but understanding the effects of soil structure is of paramount importance in knowing how to handle crop production on specific soils. This is assisted by thoroughly understanding the physical characteristics of the soils and the conditions that led to their formation. This generally requires a deep dig into the soil to determine the makeup of its layers—the topsoil and subsoil—and perhaps also the depth of these layers to bedrock.

Soil survey maps from the USDA Natural Resources Conservation Service show the makeup of the soils in a given area and are generally quite accurate. They are available at libraries or on the internet.* Useful as these maps are, they are not a substitute for direct observation of the soil. For this, it is necessary to dig a hole at least 2 feet (60 cm) deep. It is possible to then examine the ability of air and water to penetrate through the layers and see the organic matter distribution in the soil profile. The texture of the various layers can be felt between the fingers to assess clay, silt, sand, and stone content. The soils can be smelled for conditions of anaerobic or aerobic activity. Depth of rooting and depth of earthworm activity are also indications of how well a soil is functioning. This kind of assessment provides critical basic knowledge for further decisions regarding the management of the elemental states. Some soil testing laboratories also provide information on soil texture and structure in their reports, and this may be of use as well. (More on soil testing in chapter 8.)

In addition to the mineral fragments, there is also organic matter incorporated into the soil profile. Organic matter is the carbon-containing material of life. For the purpose of this book, organic is defined as carbon-containing materials derived from living organisms, and use of the term does not necessarily denote materials or methods that conform to the USDA’s National Organic Program standards (“certified organic”). The soil life gathers its living mass by recycling organic materials, as well as by taking up minerals released by the rock fragments along with water and air in processes fueled by the sun. Once life has incorporated non-living mineral material into itself, much of this mineral material does not readily return to a non-living form. Instead life seeks to keep this material in the realm of life. The now biologically active materials are constantly recycled and built upon to create greater conditions of life. This yields the complexity and diversity that we perceive as the beauty of nature.

This biological recycling of organic forms is concentrated in two areas in the soil: around decaying organic materials and around the living roots of plants. Growers provide for these conditions of concentrated activity by supplying the soil with decomposable organic materials and covering the soil with growing plants as much as possible. In a symbiotic relationship, living plants actively supply carbon-rich nutrients to the soil organisms through their root exudates, and the soil organisms in turn supply the plants with nutrients derived from the soil environment. Much of this exchange is in the form of large, complex organic molecules, which are of great benefit to both. This saves the energy needed for synthesis of these complex molecules. The conserved energy can then be utilized by the plant in other areas of growth or development. This efficiency has extensive ramifications for the overall vitality of crops. The plants can supply the soil life with sugars and other carbonaceous materials from active photosynthesis. The soil life can supply the plants with mineral materials synthesized into organic forms by their metabolism. This symbiotic relationship is of paramount importance in the raising of well-balanced, vital crops, and growers are well rewarded for assisting its capacity.
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FIGURE 1.1. Root exudates have created conditions that cause soil to adhere to the roots of these young peas. Note the abundant rhizobial nodules.

The area around plant roots is referred to as the rhizosphere. In a functioning rhizosphere, the plants and soil life exude a gelatinous substance that creates conditions that cause soil particles to stick to the roots. Growers can observe these soil-coated roots by uprooting a plant that is growing in biologically active soil. The rhizosphere provides for not only a concentration of bacterial activities but also an appropriate environment for the connection to the fungal realm. The fungal organisms, including those termed mycorrhizae, form bonds and symbiotic relationships in this area that are of particular use to the plants. Fungal mycelia can reach out into the soil to a far greater extent than plant roots alone. These fungal organisms are able to supply plants with materials such as phosphorus, calcium, and many micronutrients that are otherwise difficult to assimilate into living forms.

During the process of organic matter recycling, some of the organic materials are biologically formed into long carbon chains called humic substances. These complex molecules are very stable forms of carbon in the soil and aid the ability of life to proliferate by supplying a foundation for nutrient absorption. This spongelike material is able to keep nutrients available for use in living systems.

Nature is constantly using the dynamics of the living to bring further life into soils by converting inorganic materials to organic materials. Growers are given the chance to aid nature in these activities and bring more life to our earth. This gives human life much meaning, and also provides plenty to do.

Air and Water

The combination of rock fragments and organic material makes up the solid particles we call soil. Of equal importance is the space between these soil particles—the pore spaces where air and water interact with each other and the soil. It is very important for growers to strive to create conditions of balance between the soil particles and the pore spaces. Generally this entails management choices that lead to the formation of aggregates or crumbs in the topsoil, which goes a long way toward allowing air and water, as well as warmth, to effectively penetrate the soil. The aggregation of soil is due to the effective decomposition of organic materials and the resulting biological “glues” secreted by the soil life that hold soil particles together. Growers can manage residue decay and apply mulches and composts to assist in this soil development. Worm castings are an easy-to-spot example of the soil life’s attempts to aggregate soils. Lack of soil aggregation can lead to excessive soil compaction. Growers can address the problem of soil compaction, both surface and subsurface, through appropriate forms of tillage or non-tillage, organic mulches, compost, cover crops, fertilizers, and biological materials, as well as by taking care with machine traffic. Although management choices differ depending on soil type and condition, in general a highly productive soil is well aggregated on the surface and to some depth into the topsoil. It has no compacted layers or “plow pans” below, and thus the surface does not crust over and there is a relatively homogeneous structure through the deeper soil.

Well-aggregated soils are rarely found in commercial vegetable fields. Often there is both a crusted surface on the soil and compacted layers or plow pans below as a result of tillage and machine traffic. Excess tillage pulverizes aggregates, leading to a collapse of soil structure. Air cannot readily penetrate the crusted soil, thus reducing the ability of the aerobic (oxygen-dependent) microbes to proliferate. These are the microbes that lead to abundant, vigorous yields, but in their place anaerobic organisms may well proliferate, which in excess can result in a buildup of toxic gases in the pore space. These toxic gases cannot be released from the soil due to the crusted soil surface. The outcome is vegetables that suffer poor growth and are prone to disease and insect assault. When air can readily penetrate, the soil breathes in a steady rhythm, inhaling gaseous oxygen as well as nitrogen gas, which aerobic organisms need for respiration and nitrogen fixation. A porous soil also exhales the byproducts of respiration, including the carbon dioxide produced by aerobic organisms. This carbon dioxide is exhaled directly into the space just below the canopy of growing plants, where the leaves await this critical component of photosynthesis. This cycling is all appropriately timed by nature in a delicate perfection where the soil exhales at the time of day when the stomata are most likely to be open to allow the gas to be absorbed. A highly functional soil also cycles the proliferation of aerobic and anaerobic organisms at appropriate times for effective, diverse nutrient release. So much of nature is finely balanced, and thus the imperative to treat soils carefully and allow nature to function in a manner it has adjusted itself to. In other words, as a grower, be careful not to get in the way of delicate, naturally functioning systems.
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FIGURE 1.2. The soil in this post-harvest conventional corn field near Tobacco Road Farm has a crusted surface and is actively eroding.

Undisturbed homogeneous soil has a spongelike nature and generally has the ability to move soil water up from its depths. This is commonly seen in forest soils, which are able to remain moist for long periods of time during drought. In agricultural fields, plow pans or compacted layers caused by the pressure of equipment driving over the soil or the action of tillage tools inhibit such water movement into the topsoil; they prevent water in deeper layers from moving upward. A crusted soil surface also inhibits movement of water, in this case from rain or irrigation, down into the soil. This can lead to runoff and erosion as well as a lack of moisture for crop and soil life.
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FIGURE 1.3. Notice the decomposing mulch at the surface of this no-till field soil and the aggregates formed underneath.

The naturally sustained balance of water and air in soil pore spaces is of the greatest importance to a steady reliable nutrient release from the soil life, so critical for vibrant, healthful crops. It is beneficial for growers to seek to mimic the natural conditions of undisturbed soil in their growing areas. This would take the form of a layer of undecomposed organic matter on the soil surface, more fully decomposed organic matter (such as a layer of compost) beneath, a topsoil undisturbed by tillage, and below that a subsoil without the presence of a compaction layer. Water can then readily be absorbed into the soil as well as move upward when soils begin to dry. If soils are allowed to dry out, a biological crash occurs and a diminishment in the soil life ensues. This soil life cannot instantly renew itself upon moisture recharge. It takes time for the microbes to reestablish balance, all to the detriment of a crop. This type of biological crash is a leading cause of crop failure in the summer season. When disturbed soils dry excessively, effective biological nutrient delivery then falters and the resultant nutrient-deficient crop is assaulted by insects and disease. Anytime growers disturb the soil’s air and water balance through tillage, excessive irrigation, inappropriate fertilization, or other practices, they may create such a dramatic upset of balance that nutrient imbalances manifest in crops.

The air above the soil surface is also of importance when considering crop production. The carbon dioxide in ambient air is the major source of carbon for crop growth. As noted above, plants inhale air through their leaf stomata, and the carbon from carbon dioxide is incorporated into the sugars that are the end result of photosynthesis. Management of air is also related to how the wind moves air across the growing area. Very windy conditions cause plants to “hunker down” and keep the canopy compact to resist damage. In very still conditions, however, plants exhibit more expansive, though potentially weaker, top growth. The wind condition of a farm is related to the lay of the land, and growers will benefit from a study of wind conditions across the growing area in order to understand air movement patterns. Usually there is a dominant direction of wind movement, often from the west. When conditions are windy, observe the variations in how plants are moving. This often occurs around windbreaks, whether they be trees or buildings or planned windbreak structures. The way in which air moves across land is very similar to the flow of water, in particular when it meets an obstruction. Thus a study of water movement will greatly aid in the understanding of air movement.

Windbreaks can be of great benefit because excessive air movement across the growing area can be detrimental. It may cause a loss of moisture or additional cooling that is unwanted, especially for crops grown during cold seasons. Windy conditions also make it difficult to keep row covers and hoop tunnels in place. As a general rule, every 1 foot (30 cm) of windbreak height results in 10 feet (3 m) of horizontal wind protection. Thus, a planting of 10-foot-tall trees offers 100 feet (30 m) of wind protection to the leeward side (deciduous trees offer less protection when they are not in leaf, though).

Trees and shrubs are common windbreak plants, conifers particularly being useful for cold-season protection of vegetables. The impact of a windbreak on sunlight levels needs to be considered, as well as any possible competition between the tree roots and vegetable crop roots. However, these roots may be symbiotic to some degree, especially due to tree roots’ ability to maintain mycorrhizal fungi and other soil microbes during breaks in the vegetable cropping cycles.

Another choice for windbreaks is wide-webbed plastic snow fencing. Wooden slat fencing is another possibility. Like trees, these fences break up the wind without completely stopping it. They are more effective at slowing wind than is a solid barrier, which may create a more turbulent flow of air as the wind is forced up and over the barrier. Solid barriers may well be better than nothing, however; stacked hay bales, solid wooden fencing, and buildings are examples of solid windbreaks.
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FIGURE 1.4. A winter day in the home field at Tobacco Road Farm. The windbreak cuts down on the dominant winter wind and helps keep the crops growing under the low tunnels warmer.

Sunlight

The primary provider of energy for the growing system is of course the sun. The sun provides plants with the energy for the photosynthetic reaction, which, as mentioned above, combines carbon dioxide and water to create the simple sugar glucose and oxygen gas. Glucose provides the building blocks for further reactions that produce more complex molecules as well as providing an energy source for these reactions. As growers we assist in this by encouraging crop leaves to be well positioned to collect solar energy. This management of the crop canopy is an essential aspect for maximum health of a crop and the soil environment. The soil environment responds well to full coverage by a growing plant canopy. The canopy provides physical protection from the drying effects of wind and sun as well as providing the sugars and nutrients from plant root exudates to maintain active soil biology. In an overly dense canopy, however, insufficient sunlight reaches each individual plant, which reduces photosynthesis and thus vitality and health of the individual. Conversely, when the canopy is too thin, soil can suffer from exposure and lack of plant root exudates, and the microclimate under the canopy may not be effective for carbon dioxide and water retention. Vegetable growers fulfill this primary duty to maintain an appropriate plant canopy through attention to reducing tillage impacts, timing seeding dates of vegetable crops appropriately, paying attention to cover crop seeding rate and crop spacing, and timely transplanting.
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FIGURE 1.5. These vibrant, healthy rows of kale provide complete canopy coverage, protecting soil biology.

Tillage obviously destroys any plant canopies in place, with the goal generally being to create an open soil surface that can be easily planted with crop seeds or transplants. Tillage therefore has a tremendous impact on a soil’s ability to feed and protect itself with a cover of growing plants, and reducing tillage can be of great benefit in order to lessen this deleterious impact. This may mean a no-till approach, strip tilling, or other techniques where minimal tillage is performed carefully and does not result in long fallow periods. In general a period in which soil is sitting barren is a period of loss of soil fertility and profitability.

Growing a diversity of vegetable crops is very helpful in the pursuit of keeping soil covered by a living canopy. Vegetable crops that form canopies fast are beneficial in mixed plantings. The role of annual plants in nature is often to cover soils quickly after a disturbance, and many vegetables can fill this role because they are fast growers. For example, red radish can be grown alongside slower-growing vegetables like celeriac. When the speedy crops are harvested and removed, the growing area is then opened up for the slower-growing crop. Another approach is to seed fast-growing annuals alongside sprawling crops. An example of this is seeding arugula or radish alongside cucumber, melon, squash, or tomato. The arugula or radish reaches maturity after about 40 days and the crop is harvested, and the sprawling crops are then allowed to grow into the harvested area. Cover crops can be seeded alongside a crop in a similar fashion and then either terminated, or not, depending on conditions.

Intercropping is another example. In this case, a second crop is seeded or planted alongside or underneath an initial crop that is already growing well or is reaching maturity. Examples of this include broadcast seeding leafy greens under sweet corn and broadcast seeding a cover crop into a vegetable crop. Interseeding can greatly perpetuate soil coverage with living plants and is very beneficial but does require that a thorough weed control program is in place. Broadcast seeding is usually the best technique when interseeding, because the extent of the existing plant canopy often limits the practicability of using a mechanical seeder (more about this in chapter 5).

The timing and methods of seeding and planting are worthy of consideration in terms of crop canopy coverage. Most crops grow more quickly during the summer, for example, which has an impact on choice of seeding date. Dry conditions in summer may result in poorer germination, however, so seed rates may have to be increased above the usual amount. Furrow seeding may be superior under dry conditions, yet broadcast seeding may result in better coverage if conditions are moist, as with seeding before rain or irrigation.

The physical spacing of a crop is of primary importance in the development of a beneficial canopy. In achieving an effective crop canopy, there is some flexibility. Many crops can tolerate a little crowding, and each individual plant will be smaller than typical. If planted at wide spacing, each individual will be larger. Transplanting gives a higher level of control of crop spacing than does seeding. As long as the plant canopy develops to fully cover the soil, a beneficial microclimate is created. Of course, transplants generally take less time to develop an effective canopy than does a seeded crop. Transplanting can also be very effective for canopy continuity because transplants can be interplanted into a crop soon to be harvested.

Cover crops, either interseeded or following a harvested crop, also contribute to canopy maintenance. Many cover crops such as annual grains or buckwheat are vigorous growers and can provide coverage quickly. Others, like some clovers, can tolerate the shade when they are undersown below a growing crop. Even weeds can serve as an effective canopy, often quickly! Of course they usually will need to be terminated before they set seed.

[image: ]

FIGURE 1.6. These new melon plants (above) are growing alongside a cover crop. After the cover crop is terminated, the melons then sprawl into the open space (below).
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FIGURE 1.7. A field pea cover crop fills the space between two beds of young tomato plants. Later on the peas will be crushed down by foot and mulched to terminate them.

In order to discern the appropriate crops for a given time and place, growers need to be aware of the levels of light and warmth available over the course of the growing season in the various areas of fields. The sun’s energy in the form of light is interrelated with the force of warmth. Often the conditions that lead to high light exposure will increase the warming of a given area. Day length is an example: The warmest time of year usually occurs just after the longest day of the year (summer solstice), and the coldest time shortly after the shortest day of the year (winter solstice). The slope of the land also impacts light exposure and warming. In northern latitudes a south-sloping field will gain more warmth and aid photosynthesis more than other slopes, particularly in winter when the sun’s angle is lower. Hilltop locations may receive more light than valley locations, yet may actually be cooler during the day due to dramatic exposure to the wind. However, at night the cold air may settle into the valley, causing colder conditions there than on the hilltop.
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FIGURE 1.8. Crimson clover, interseeded in August, is growing amongst this fall brassica. Rye and vetch will be interseeded in September.

The warmth of the soil greatly impacts the level of microbial activity and therefore the potential availability of nutrients for the growing crop. Denser soils are much slower to warm. The ability of a soil to warm is often related to its level of aeration. Well-aerated soils heat more quickly; growers have used tillage to supply such aeration to warm soils in spring. Tilled soils also tend to cool quickly, however, and may overheat in summer with associated impacts on soil life. An untilled well-aggregated soil full of life also heats up quickly due to its aerated nature and microbial activity yet is also much more resistant to overheating. This consistency of temperature is a major benefit of no-till, biologically active soils. Soil life thrives under these conditions and therefore provides steady, extensive nutrient availability to growing crops.

Not surprisingly, darker soils are capable of collecting more warmth than lighter-colored ones. The addition of organic matter in the form of compost and dark mulches often makes soils darker due to the steady decomposition of these materials and their recombining into humic substances and other stable carbon-rich materials. Very dark fertilizer materials can also aid in darkening soil: Examples include charcoal, humates, and bone-char (ground charred bones). They can be effective when top-dressed upon the soil. Growers sometimes plant crops through a black plastic soil covering in order to provide more soil heating, but this may inhibit the soil breathing process described earlier in this chapter. As sunlight contacts the soil surface, the air in the soil warms and expands, which forces some of the air out of the soil. Then as the soils cool from the lack of sunlight, a vacuum develops, which draws air back into the soil. Thus the interaction of sunlight and warmth are highly interrelated to the soil breathing efficiencies and therefore the ability of soil life to function.

The soil life itself generates a significant amount of warmth as it consumes food and releases energy. A highly active soil is therefore able to stay warmer during cool conditions than a soil with a low level of biology. This can often be observed during cold periods. This energy release and warmth allow soils to stay highly functioning even when covered by organic matter mulches, because there is biological activity in the mulch layer as well. Mulching a soil with organic material that is not highly biologically active can have the opposite effect, keeping soils cool in spring and delaying crop growth. The cooling effect of organic mulches on soils during summer heat, however, is generally beneficial to all soils regardless of tillage and structure characteristics.

Human Influence

Although management of the four elements is of primary importance, often the conditions of these elements are somewhat beyond the grower’s influence. Nature has, to some degree, its own plan, whether that be a drought, a hurricane, a volcanic eruption that blots out the sun with particulates, or the long-term climatic conditions that led to a soil’s formation. Humans have recently come to influence these elemental states on a large scale as well. Many of these human influences on natural systems are detrimental to the ability of the planet to sustain life. Humans certainly have the capacity to support the earth’s ability to sustain life, and the benefit of humans to natural systems can be extensive. However, the impacts of human-caused pollution of agricultural systems have become widespread and very significant. This impact is likely to continue to intensify in the future. As growers, we need to understand and boldly face these impacts so we can adjust our agricultural systems and remain viable. Pollution has severely impacted all four natural elements: sunlight, air, water, and soil.

The sunlight that is the primary source for the energy giving us life has been increasingly blocked by particulate matter in the atmosphere as a result of human activity. The fumes of industry and the burning of long-buried, carbon-rich materials as fuels have emitted large volumes of volatile substances into the air. Herbicides applied to thousands of square miles of cropland vaporize into the air and are distributed across the earth. The nitrogen gas N2, which makes up the greater portion of the air, is split in nitrogen production factories to create incredible quantities of liquid ammonias and solidified nitrogen salts. These nitrogen compounds are utilized in tremendous volumes by industry, in war, and as fertilizer. They readily volatize back into the air as various oxides of nitrogen, and the overall result is a highly disturbed nitrogen cycle. Radioactive substances are carried on the winds from nuclear explosions, accidents, and releases. Human created electromagnetic forces (EMFs) have greatly increased due to everything from electrical generation and transfer to radio
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