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Foreword By Elaine R. Ingham





Reading this book is such a joy. With Diane’s guidance, gardening becomes an ongoing observation of the natural interactions between the many organisms that abound in a healthy garden. There’s so much to look for, experience, and comprehend. To Diane, gardening is an ongoing conversation held with your plants.


Diane’s descriptions of the different groups of organisms in the garden made me smile and, on occasion, laugh out loud. This is the way science should be presented: as a perpetual discovery of the organisms that inhabit your soil and how best to handle them to help your plants grow. No more “if it moves, kill it!” That approach is too heavy-handed, too extreme. This book teaches you subtle management techniques for growing good food and beautiful landscapes.


Nature manages soil life very cleverly, with a minimum of fuss, muss, and mistakes. We need to understand how nature does this, and then work with nature. It’s amazing how easy it is to grow any plant when you understand what it needs. Cooperation and networking are the dominant forces leading to greater productivity — not destruction. Nuking your “enemies” — diseases, pests, and parasites — is not the way to exist. Down that road is a horrible future.


People who climbed on the “toxic chemical wagon” were told it was the only way to grow enough food to feed a starving world. That was a flat-out lie. People were also told that inorganic fertilizers and pesticides don’t harm soil life when in fact, these toxins destroy nearly all the beneficial organisms in the soil and on plant surfaces. If you’ve damaged the life in your soil and on your plants, this book can help you replenish what is missing. Using the techniques Diane describes, you can grow equal or greater yields of highly nutritious foods with less cost.


You will learn how to work with nature to support beneficial organisms, so that if a not-so-wonderful creature — like a disease, pest, or parasite — comes looking for a place to hang out, it won’t be able to find a comfortable spot and so will move on. These problem organisms are messengers from nature that something is wrong in your soil. Treat the cause, not the symptom — don’t kill the messenger!


Diane’s humor and tongue-in-cheek joy make this book so fun to read. Over and over again, she revels in the downright silliness that occurs in the wilds of your garden, in your soil, and between some of the craziest critters you never knew existed. Let this book help you go on safari in your own wild kingdom, just beyond your back door. And if you don’t yet have a garden worthy of going on safari in, then this book will help you build one teeming with the beneficial life that should be there.


If you understand how nature does things, you do not need toxic chemicals or inorganic fertilizers, nor do you need to be constantly disrupting the soil. Once you take the first step on the path to soil health, take a second step, a third, a fourth . . . This book can help lead you down that garden path, to a delightful place that promotes health and keeps your soil critters happy!
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Beauty, Magic & Tomatoes




Why I Garden, and How the Soil Food Web Helps




My first gardening memory is of planting wrinkly gray seeds in orange juice cans with my dad (best dad EVER, by the way, and the likely source of my gardening bug).


I watched with a sort of proprietary amazement as those seeds sprouted into sturdy green shoots, and then grew into the plant that still emanates my favorite smell: sweet peas, in an exuberant mix of pinks, blues, and purples. I didn’t know how wrinkly gray seeds could do that. I still don’t; what I do know is that I still love making it happen.


I garden because gardening makes ugly places beautiful, grows food, and, perhaps most important, because plants amaze me.


Making magic. Gardening is the closest thing to magic I know. Well, that and babies — where do they come from? I know, I know: “Sometimes, when a man and a woman love each other very much . . .” I’ve read the literature. The literature, however, doesn’t explain how an invisible glob of protoplasm turns into a thinking, reasoning human being with its own spirit and personality. Or how a seed knows how to grow.


Consider the miracle of seeds. Somehow, using nothing but dirt, air, and water, each seed turns into a plant like the one it came from. Explain that.


Seeds contain within them a remarkable intelligence. Plants are “born” knowing stuff. How many hours of daylight are needed before they sprout? How warm should it be? How can roots attract the food they need? Which way to grow to absorb more sun? When to start blooming? When to drop seeds so they’ll have a shot at sprouting next year? And when to drop leaves, blanketing the soil they’re growing in to shelter it for the coming winter? Plants know all this and more.


Seeds come with an internal calendar, timer, thermometer, altimeter, light and moisture sensor, and solar energy locator, not to mention a blueprint for how to make a plant that makes more seeds. And soil knows how to nourish those seeds with exactly what they need, given enough raw materials.


When I have my priorities straight, this fills me with wonder.


Tapping new and improved science. Growing up in the Bay Area suburbs, amid blocks and blocks of manicured yards, I was well versed in the carpet-bombing, nature-as-adversary approach to gardening. I’ve since begun to understand the complex system of microbes and organisms already put in place by nature, a system we damage with tilling and chemical applications. My approach eventually devolved to a more primitive one that allows nature to do what it does best: grow stuff.




In my lifetime, science has gone from being a solver of mysteries to a creator of them. When I was young, we naively thought science had pretty much figured out nutrition, for people and for plants. For us, eating well was a short alphabet of vitamins — we built strong bodies 12 ways — and for plants, it was nitrogen, phosphorus, and potassium, and maybe a trace mineral or two. We fortified our white bread with vitamins, and we poured distilled versions of what we thought plants needed onto our gardens, which grew really well. For a while. We had not only unlocked the mysteries of nature, we had improved on it!


Or not . . . Turns out that the concentrated fertilizers that gave plants a visible boost were destroying a system nature had been using for eons — a system dubbed the “soil food web” in The Soil Biology Primer by Dr. Elaine R. Ingham, a pioneering microbiologist. A cubic foot of healthy soil contains trillions of living things. Trillions. Literally. Bacteria, fungi, protozoa, archaea, arachnids, and worms, all working together to feed plants and, therefore, us.


And that’s just what we’ve discovered so far.


This largely invisible population is driven off or killed outright by the application of garden chemicals. Even organic chemicals, which I use occasionally but less and less, tinker with the intricate soil system of checks and balances that predates people by roughly a bazillion years.


We got a little big for our britches there for a while, we humans, with our ever-evolving science. The fact is, nature doesn’t need us to make nutrients in a lab and feed them to plants. Left to its own devices, and given sufficient organic matter (stuff that is currently or formerly alive), the soil food web forms a network for feeding plants that we’re only beginning to understand.


Go to a national park, or any place that’s wild. Look at a forest or wildflower meadow. Nature has pretty much figured out how to do this without our help, wouldn’t you agree?


Working with nature. My approach to gardening is much easier than the one I was raised with, and focuses on giving soil what it needs to nourish the plants I want to grow. Gardening with nature as an ally is simply a matter of offering a variety of foods for germs and worms — the plants will attract the microbes they need to flourish, given enough choices. Diseases are kept in check by the vast population of largely beneficial organisms that “compete or eat,” and by plants that, thanks to the soil food web, are robust and healthy.




Gardening in partnership with the soil food web offers many benefits, including:




	A toxin-free yard and, thus, unpoisoned plants, children, and Chihuahuas


	More flavorful produce


	Flowers you can enjoy without fear


	Healthier bees, butterflies, and other living things, all the way up the food chain to humans


	Better sleep for the gardener, who is doing right by the planet







There are lots of ways to nurture the soil food web; primarily, you want to shelter your soil by mulching it, adding compost, and by avoiding rototilling, which chops up and dries out the organisms in your soil. These no-till practices provide a safe, moist, and nutritious place for soil organisms to live.


But what many gardeners don’t realize is that they can also help sequester (store) carbon by using these practices. The dark color in rich soil comes from humus, the carbon-rich end product of rotted organic matter. Tilling mixes that humus with air, taking carbon out of the soil and mixing it with oxygen to make carbon dioxide. Sheltering your soil keeps carbon in the ground where it belongs, rather than in the air warming up the planet.


In this book, I’ll show you how to enjoy your garden more, work less, and harvest more — all while growing rich soil and saving the world, or some portion thereof. You’ll learn about the huge, and hugely complex, web of soil life — orchestrated by plant roots — that feeds plants and, in turn, everything else, while pulling carbon out of the atmosphere. And you’ll be inspired to nurture that soil life with simple, ongoing practices.


I liken this gardening approach to living a healthy lifestyle, as opposed to struggling with bursts of dieting and exercise. Instead of spending weekends feverishly weeding, tilling, and fertilizing, followed by long stretches of neglect and guilt, you’ll learn to enjoy regular puttering that keeps your garden tidy while feeding the soil.


Turn the page for some of my commandments — er, suggestions — for creating healthy, living soil. Think of them as “rules of green thumb,” which you’ll learn more about throughout the book. Then go take a nap. This is easier than you think.









10 Commandm Suggestions for Creating Healthy, Living Soil







	
1.Step away from the rototiller. Except in rare circumstances (newly graded or very heavy clay soil), rototilling will only cause your soil microbes sorrow. Tilling destroys fragile but vitally important mycorrhizae (fungal strands; learn about them in chapter 3) and chops up earthworms and other garden friends. Just say no.


	
2.No bare dirt, no how. Once your soil is loosened, you can do most of your enriching by mulching, which also creates a moist, happy place underneath where worms and germs can frolic and multiply. Mulch well with anything that used to be a plant; this also protects soil from temperature extremes and drying. Dry, sun-baked soil is inhospitable to life.


	
3.Grow cover crops. Cover crops are basically mulch that’s alive. These are plants that shade, feed, loosen, and protect the soil, then die (either on their own or with your help) and turn into soil organic matter. Some, like legumes, even add nitrogen to the soil.


	
4.You don’t need no stinking fertilizer (most of the time). Feed your dirt with mulch and compost; the plants will take it from there. If you provide a diverse mix of foods for worms and germs in your soil, those critters break down raw materials into absorbable nutrients. Plant roots attract just the right organisms to create a nutritious, pH-compatible root zone. Plants are amazing like that. In the rare cases where fertilizer is necessary (graded or depleted soil), use only organic ones.


	
5.Add, don’t subtract. When you’re tempted to eliminate a bug or disease, first try to add diversity that will “eat or compete with” the offender. Diverse plantings and organic practices will attract good bugs that eat bad bugs. And diverse plantings, along with compost and compost tea, will bring beneficial microbes and bugs and eventually contain most problems.


	
6.Grow stuff. Roots feed soil microbes with their sugary exudates; this attracts lots of microbes and other soil creatures that eat each other and die and, along with the roots themselves, turn into nutritious organic matter. Plants improve soil.


	
7.Maintenance is mulch waiting to happen. When weeding and pruning, follow these simple rules: (a) pull stuff up, throw stuff down; (b) snip and flip; (c) chop and drop. Think of this as providing food and shelter for your soil food web. While beautifying and tidying your garden, you’re returning nutrients to soil and adding organic matter.


	
8.Don’t spray that weed! Pull it up and use it to mulch something you love. Weeds are nourishment for the life in your soil, and sometimes for humans. See if it’s edible; if so, pour on a little vinaigrette.


	
9.Use what you have. Except in an emergency (your mother-in-law coming to visit for the first time, say), don’t haul in truckloads of topsoil and compost; the plant waste growing in your yard or coming from your kitchen will feed the soil. Plant a few things at a time, dig in a handful of compost, and mulch with whatever weeds are growing nearby.


	
10.Experiment! Have fun! The best scientists are like little kids — they try new things because they haven’t been told what won’t work. Give new ideas a shot; either they’ll work or you’ll find out they don’t. If you’re not making mistakes, you’re not learning anything. And have fun! That, and being nice, are what we’re here for, best I can tell.












Making Soil: Building a “House”





As soil scientists Christine Jones and H. V. A. Bushby point out, creating rich topsoil is a lot like building a house. Well, kind of. If you build a house from the roof down.
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1.Start with the roof. Soil needs cover to shelter it from the elements: air, temperature extremes, and too much or too little moisture (flooding, erosion, desiccation). Avoid bare dirt; keep it covered with live and/or dead plants — crops, cover crops, or mulch — to protect the soil food web living there.




	
2.Build walls. Add organic matter — the stuff that gives soil structure and keeps the house from collapsing. Use sticky microbes to nail (glue) it all together.


	
3.Be sure there’s good ventilation and plumbing. These systems are facilitated by soil organisms that make aggregates or “crumbs,” which allow about half of soil volume to be spaces. These spaces are where air and water move in and out.


	
4.Put in a nice pantry. The soil house’s “pantry” — the cation exchange capacity (CEC) — creates soil’s ability to hold and move nutrients. Clay, organic matter, and biochar are CEC powerhouses; more about them in chapter 4.


	
5.Be sure there are plenty of nutrients in the pantry. Plants make the sugars that soil organisms eat, and those organisms make the minerals that feed plants. Biologically active soil feeds itself. If your soil seems dreadful and your plants are languishing, you may need to do a soil test to determine if the right nutrients are available; eventually, though, the soil food web will create a custom blend that’s just right.


	
6.Plant a little kitchen garden for your soil food web. Use compost and compost tea to feed soil organisms, so they can make carbon-rich humus and adorable little baby organisms.







Once you’ve built a cozy house, the soil food web will thrive therein; this is what makes soil rich. Plants will make sugars through photosynthesis and put out sweets that bacteria, fungi, nematodes, protozoa, bugs, and worms will come to dine on, creating rich soil for plants — it’s a wonderful feedback loop. In the process, they’ll constantly be making organic matter and more nutrients.











Chapter 1The Skinny on Soil
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What Makes Soil Good & How Does It Get That Way?




Soil is not just something you plant vegetables in and then track onto your carpet. Soil is a living, breathing organism that feeds everything on the planet and also gives us a shot at saving it; it’s your favorite planet’s third largest carbon sink (something that takes carbon dioxide out of the atmosphere and holds it in the ground).


Every gardener knows that the key to a good garden is good soil. But what is soil? What makes it good? And how does it get that way?





What Is Soil?




Soil is composed of roughly:




	45% minerals (sand, silt, and clay)


	20 to 30% air


	20 to 30% water


	5 to 10% organic matter (anything that is currently or formerly alive, including microbes); this is our favorite part







The inert, mineral parts of soil — sand, silt, and clay — are categorized by size. You know roughly how big grains of sand are. Silt particles are about the thickness of a strand of hair, and clay particles are too small to be seen, until they clump together into giant, cracking clods in your backyard. Clay differs from larger soil particles in that it contains some organic matter and plant nutrients.


Fun facts:




	Soil contains microbes, oxygen, minerals, water, and decaying organic matter.


	Humans contain microbes (90% of the cells in a human body!), oxygen, minerals, water, and decaying organic matter.







Notice a pattern here? I know it’s a bit of a blow to the whole “Masters of the Universe” thing, but it’s true — we’re made of pretty much the same stuff as dirt (usually minus the worms). And our lives depend equally on the lives of microbes. Granted, this mess of minerals and germs is a little more organized in humans — there are clearly marked entrances and exits, for one. But soil as an organism is no less miraculous.


I know it’s a bit of a blow to the whole “Masters of the Universe” thing, but it’s true — we’re made of pretty much the same stuff as dirt (usually minus the worms). And our lives depend equally on the lives of microbes.




Soil is created when nature has its way with the crust of minerals that coats the Earth. Weathering (rain, heat, freeze/thaw cycles) gradually turns rock into sand, silt, and clay particles. This creates something more workable than rocks, but it’s living organisms that do the heavy lifting of soil building. As lichen, microbes, plants, and animals move in, they create a cycle of enrichment that gradually and continually makes soil more hospitable to plants, given the right circumstances.





What Makes Good Soil Good?


The first thing you probably notice about soil is its texture, which is determined by the proportions of soil particles — sand, silt, and clay. This proportion in any given area isn’t easily changed.




	
Sandy soil is gritty. It drains well but tends to dry out. It’s not good at holding on to water and nutrients.


	
Silty soil has a softer texture and holds more nutrients but washes away easily.


	
Clay soil is slippery, gummy, or rock hard, depending on how wet or dry it is. It holds nutrients well but compacts easily and doesn’t allow much water or air to pass through. Clay carries the most clout — a small amount of clay has a strong influence on soil texture.







Good soil contains roughly 40 percent sand, 20 percent silt, and 40 percent clay; this mix has a crumbly texture that holds water and air and drains well. You are more or less stuck with the soil you’ve inherited, in terms of particle proportions, but you can improve the texture by adding compost and other organic matter such as sawdust or fine wood chips. The soil food web then breaks down this organic matter and glues it to soil particles to make crumbs, or aggregates.


Gypsum has a reputation for breaking up clay soils, but the research on this is varied, and the effect is temporary — maybe a few months. Organic matter is longer-lasting and adds life, as opposed to just loosening up clay.







Perlite, Vermiculite, and Asbestos




 There are two other things you can add to improve soil texture: perlite and vermiculite. Both are rock products that are very absorbent, and thus stabilize soil moisture. Their size — similar to coarse sand or fine gravel — also adds variety to soil particles and loosens clay soil. You’ll notice light-colored pieces of perlite or vermiculite in most commercial potting soil.
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